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LOI NOI PAU

Ung dung ndng lirong nguvén ui vao muc dich hoa binli, bao gom ca phat trien dién hat
nhan, ditong nhie la doi héi 1t véu cia sie nghiép cong nghiép hod va hicn dai hod ddt midc.
Puo tao chavén gia cho Tnh vise khoa hoe cong nghé mai me nay de o thanh mot nhién vi
cap thist khong chi ciia Vien Neang hiong Nguvén tt Vict Nam ma ed ciia ndidéu triwong dai hoc

va cde vién nghién eiin Kide,

Vide hicn soan tai lidu gidng day "Co so Hod hoe phing xa”dau tién bang ticng Viet la

Gt 6 geing nhdm dap g phan ndo nhiém vy dé.

Nihiing hicu biét vé Hod hoe phang xa kiong chid can thiél cho cde cdn bé lam viée trong
nganh nang hiong ngavén 0e ma con rdt hitw ich cho chuyén gia coa cac fink vice ¢ lidn quan
vOF cde bite xe ion hod. Vi nhiéu (v do khdeh quan, chasén nganh nay khéng con duoe gidng day
chinh thice va hé théng tai ¢de truong dai hoe o Vit Nan Vide chudn bi tgp bai gidng nay, vi
thé, gip nhidu khé kidn cd vé 1i lidu tham khdo, thudt ngit chuxén nganh, ldn thuee tién gidng

{."'gf_\',

D& tign cho viée in dn, bat gidng nav duge chia thank hai kip. Tap | buo gom cdc kidn
thiie dai citong vé Hod hoe pliong v va tdp 2 vé Hod hoe phidng wa ang dung, bao gom cd
chiang "Had hoe biic xa®, dige xem ndui 1a co sa cho vige tin hiéu cde ing diong cia bire xa ion

hod trong hod hoc.

Dt ddt fcnn hot stic minh, chiing 16i chide vang khong trdph dvoe con thiéu s6r va monyg

nhicin dvioe whitng chi dean quy bau ctta dac gid va dong nghiép.

Cic tac gia



POI TUGNG NGHIEN CUU CUA HOA PHONG XA

Trong cdc gido trinh ra doi & dau the ky 20, vio thoi k¥ phdt wrién dau tien cia Hoa
phong xa, thuat ng hod phong xa duge xem nhur L mot chuyén nganh cia hod hoce dianh riéng

cho vige nghién ctu Hod hoc ciia cdc nguyén 16 phéng xu.

Ciing v6i su gia ting nhanh chéng 6 lugng cdc cong trinh nghién ciu Hoa phéng xa,
tam quan trong cla nd trong khoa hoc, kinh & va ddi séng, trong gan mot the ky di qua, doi
tugng nghién cidu va pham vi dng dung cla Hod phéng xa di duge md rong mot cich 16 rét.
Ngay nay, Hod phiong va duoc dinh nghia la mot chuyén nganh cta hod hoe nghién ciie cde
dong vi, nguyén 16'va hop chit plédng xa, cde gquy ludt va tinh chat hod Iy ctia cliing, nghin ciu

hod hoc ciia cdc bién doi hat nhén va céc quc trinft hod 1y lén quean véi cde biéh dii Hey,

Trong mot s¢ gido trinh xuat ban & nude ngoai, Hod phdng xa duoc chia thinh bon phin
chu y&u:

(1) Hod phéng xu dai cuong,

L]

(2) Hod hoc ciia céc nguyén & phong xa,

(3} Hod hoc clia cdc bién doi hat nhan, trong d6 Hod bifc xa chiém mot phan quan rrong,

(4) Hod phong xu (g dung.

Tuy nhi¢n, trong nhiéu gido trinh xudt bin & cdc nude phuong Tay, thutmg khong thé
hién quan diém phan chia nhur vay. Ngodi ra. nhi¢u gido rinh duge dat tén 1 "Hod phong xa vi
Hoa hat nhan", hodc chi 1a "Hod hat nhan” véi su chil trong dac bi¢t cde chiong lién quan dén
hoil hoc cha ciic bién doi hat nhin.

Trong cudn sdch nay, ching 16i gilt lai tén goi da quen ding Hod phong xa viv dira vao
tap 1 cac noi dung chon loc cia Hod phong xa dui cuong va Hod hoe cla cic nguyén 1o phong

X4, ¢On cdc van dé hod hoc clia cdc bicn doi hat nhan, chi yéu 13 Hod biic x4 va Hoid phong xa

ting dung ducc dat trong tap 2.
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" PHAN 1

HOA PHONG XA PAI CUONG

CHUONG 1
HIEN TUGNG PHONG XA VA CAC PONG VI PHONG XA

[.1. SU TIM RA HIT:N TUGNG PHONG XA

Niam 1896, nhi bic hoc ngudi Phip Henri Becquerel phéat hicn ra rang, dit khong bi
chicu sdng, kinh inh vin hod den khi ti€p xtc v&i quing urani. Nhimg nghién citu tiép theo vl
céc hop chat khdc nhau cta urani da dua ong dén két udn ring, cdc hop chat niy phét ra nhimg
tia khong nhin thay dugc nhung tic dung lén kinh dnh goi i cic ta phéng xa. Su phit ra tia
phéng xu goi 12 hién tugng phéng xa. Hai nam sau (1898}, Pierre va Marie Curie ¢ Phap, G. C.
Schmidt ¢ Pric ciing quan sit duge tdc dung tuong ty clia guang thori. Mac dit Becquerel va mot
& nha bic hoe khic di quan tam dén hién tugng phéng xa sém hon vai nam, nhung chinh vo
chong Curie di dua ra két ludn quan trong cho riang su phéng xa la mét hién tugng nguyen (.
dac trung cho nguyén 16 hod hoc v khong lién quan v6i dang hop chat ma né 16n tai. Ho ciing
nhan ra ring. nhiéu khodng vat chifa urani c6 tinh phéng xa manh hon cic hop chat tinh Khict
hoic cdc khodng tuong v duge pha ché nhan tao trong phong thi nghiém. Su ngd vie ve kha
nang ton tai cic hop phdn phéng xa manh hon urani trong cac khodng vt nay di thic day gia
dinh Curie 1ién hanh nghién ctm phan chia cdc khodng tu nhién, di¢u thugmg duge coi ta cic thi

nghiém Hod phong xa ddu tién, vi nhd thé da tim ra radi (1902)va poloni.

Rutherford 1a ngudi ddu tién da danh gid gdn ding nang luogng lién quan dén cic tia
phéng xa, ma by gio con chua rd ban chat. Noi G€p ¥ tuong ay. Curie da do tong duong lugng
nhiét cia niang luong phong xa radi va dua ra gid tri 100 cal/s doi v6i 1 g radi.

Miia xudn nam 1903 Rutherford va Soddi di cong bo cdc quan niém ro rang vé ban chal
ctia hién twong phéng xa. Theo hai ong, su phong xa 1a qud trinh cde nguyén ur cla mot nguyén

16 phong xa tu bién doi thanh cdc nguyén tr cla nguyen 16 khdc kem theo su phdt ra cdc tia



phong xa. Sy phéng xa 1a sy bién doi trong g101 han nguyén wr. Tuy nhién, phai 8 nam sau,

Rutherford m&i dua ru khdi niém hat nhan nguyeén ur, cho pheép con ngudi di siu hon nifa vio

ban chit cua hién tugng phéng xa.

1.2. CAC CHAT PHONG XA TRONG TUNHIEN, PON VI PO HOAT TINH

PHONG XA

Mot phin nho cdc chit phong xa trong tu nhien nim trong khi quyén 1a cic nguyén 1§

nhe, san pham el cde bie xa vii ru ahu "C, “Be, "Be va I Tir bang 1.1 théng ké cic nguyen &

phong xa ur nhicn ¢6 thisi gian ban huy trén | ngy, dé thay ring phin 16n cdc nguyén 16 phdng xa

nhi¢n la cde nguyén 16 nang, phin ba 1ong rii wong thach quyén, quan trong nhét |3 quang urani, quang

thori, bao gém ca cdc sin pham phan rd ctia urani va thori., cdc mo mudi kali.

Bang 1.1, Cic déng vi phéng xa gdp treng i nhién o thai gian bdn huy twén 1 ngay

Thoit gian

Dang biic

Flam luong

Ky Li¢u bin huy Y ddng \| I]'O:Ilg tw | Chua thich
' nlucn (%)
(1) (2) (3 4 ® ]
MY (Ul=Urani) 44700 (nam) | oy, e (sh) 99.276 o
Y U 2.44.10% tnam) o, v, e (sf) 0.0055 |
3‘4'1“11-{[;)([; 24,1 {ngay) B.v.c | ]
“*Th ¢Ioni) B 7700 {pam) oy {_sl'J. |
- "Ru (Radi) 1600 (nam) a.y Ho urani
_Rn {Radﬁn] 3.82 (ngay) 0‘ ¥
“""Po (Rak) 138.4 (ngay) oLy B
R (RaF) 5.0 (ngay) B .y |
Pp (RaD) 22.3 (nam) B.y. cla)
2 {AcU=Actinourani) 7.04.10¢ (llﬁl‘lll w. ¥ {Nh 0.720
T (0Y) 25.5 (gi¢) By
Mj“l’a {Protactni) 3.28.10" (nam) oLy Ho actini |
= (RdAc=Radioactini} 18.72 (ngay) a.y.c
| SAc (Actini) 21.6 (nam) Py et N
“'Ra (AcX=Actini X} [1.43 (ngay) (1-- ¥
*“Th (Thori) 140500 (nam) | ey (sh) 100
¥*Th (RdTh=Radiothori) 1.91.10° (naim) oy e Ho thori |
*Ra (MsTh,=Mesothori 1) 5.75 (nam) P.y.e |
“Ra (ThX=Thori X) 3.66 (ngay) Y -
T-‘ph 140" (nan) o 14 |

10



Bdng [.1. (1icp theo)

(1) 2) 3) (4) 5y |
_...jupl 6.0, 10" {(nan) o 0.0127 |
~0s ‘ 2.0.10" (nam) o 1.6
"Re 510" {nam) 3 62.60 ]
FHHY 2.0.10" {nam) o 0.18 B
“Lu 3.6.10" (nam) Boy.e 2.60 )
PG 1L 10 (nam) o (.20
| Sm 1.05.10" {nam} o 15.0 )
Sy 7.10" (nam) ot 1.2
MiNel 2.1.10" (nam}) a 239
"“‘I.‘u 1.35.10" (mam) e 0w 0.09 _
ST ) 1.24.10" (nam} £ ' 0.87- o
"I 5.1.10° (nam) B 95.7 :
'Cd 810" {ném) ) 12.3
TT‘Rb 4.7.10™ (nam) B 2783 o
K ) £.28.10” (nam) e By 0.012
_'-](-T 5730 (nam) 1} . Xudl hlk_:'-_l-l_
- — ) trong khi
Be 1.6.10° (nam} (3 quyén do
:Bc ] 53.4 (ngay) £y B Cﬁcr[rtl va
I *H 12.346 {nam} 3

Néne do urani trone eranit khoang 4 mg/ke. trong nude bién khoang 3 mg/m’. Urani ¢6
ol " Fo =] fol [ o

¢t trong mica. than, nhung khoang urani quan trong nhat la pitchblende (U;0,). Khodng quan

trong nhét cua thori 1 monavit, trong dé ham luong thori nam trong khoang 0,1- 15%. Mot 0

khodng vat quan trong cta urani va thori dugc thong ke trong bang 1.2.

Po hoat tinh phéng xa ty nhién la cong cu quan trong dé xdc dinh tuoi khodng vat.

Being 1.2, Cic khodng vat cia urami va thori

PR s P Ham lugng Ham lugng . T
Khoang vt [hanh phan hoda hoc arani (%) thori (%) Mo

(n (2) (3) 4 (5)
. Bohemia. Congo,
T a )

_,I itchblende u.0, 60 - 50 Colorado (M§)
Becquerelit 2U0..311,0 74 Bayern (e}, Congo
Uraninit 65-75 05-10 Nhat, M¥. Canada
Broeggent 48 - 75 6-12 Na Uy

m T T uo..uo;, . p .
Cleveil 48 - 66 3545 B‘\‘l ;y' Nhit. Texas
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Bang 1.2, (tigp \heo)

TS () 3 @ | (5)

N ; Phitp. Mudagasca, Bd
Autunit Ca(U0.)-(PO,)».nH,O 30-60 Bd Dao Nha, My
Cacnotit KiU0..(VO,mH.0 = 45 i M¥. Congo. Nza. Ue
Casolit _ Pb{} U0,.510..H,0 = 40 Congo
Licbigit Cachonal ctia U va Ca 2 30 Nga, Uc
Thoriamt ~_ (Th.U)0, 4-28 | 60-90 | Xaylun. Madagasca
Thorit ThSiO, . H.0 L-19 40-70 Na Uy Mo
Monazit PPhotphat ciia Th v dit higm 0.1-15 BI.MI,”_‘ '_ﬁm bo. Nga‘

L Na Uy, Mucdagasca ]

Nguoi ta cho rang nang luong kém theo st phin ¢l ¢lia cide chit phong xa wr nhien déng
23p mot phan vio nhiét do cla vo Trdi DAl Nhigt do wong dét cao, vao khodng 30°C ¢ do sau tir
I dén mot vai km tinh 1ir bé mat Trii Dat, duge giai thich bdi ning luong phan 1 et cice chal

phéng xa tir nhién, chang han lrong dd granit.

Trong he SI. don vi hoat do phéng xa 1a becquerel, viél tat 1a By, duge dinh nghia 13 |
phin ra trong 1 giay, nghia la:

IBg=1s".

Trong thyc 1¢, dé do hoat do phong xa nguoi ta thudng sir dung don vi curi va cde ude 58
va ca cde boi s6 cta nd. Ban dau curi dimg d7 chi lwrong radon nam cin bing v6i | g radi. Vé sau
N6 duge ding lam don vi do t6c do phan ra cia mot chat phong xa bat k. Khi ay curi duge dinh
nghia la s6 phan ra dién ra trong [ gidy cia | g radi unh khiet. Binh nghia nay ¢é nhuoe didm 1a
né phy thude vio do chinh xic cia viée xic dinh nguyén 1t lugng cua radi. Vi thé nam 1950,
mot Uy ban phdi hop gilta Hiep hoi Quéce & vé Hod hoc thuan tuy va Hod hoc tng dung v6i

Higp hoi Vat 1y tng dung da dua ra dinh nghia dudi day cho don vi do hout (inh phong xa curt:
“Curi Ia don vi do hoat do phéng xa bing 3.7,15“' phan ra wong | gidy”, viet tdt 2 Ci.
Thudng ngudi ta st dung cic ude cua curis
I milicuri (mCH = 10" curi = 3,7.107 &

I microcun ( nCiy = 10" curi = 3.7.10" &

! nanocurt (nCi) = 10" curi = 37 ¢

I picocurt (pCi) = 10" curi = 0,037 5

Dé biéu dién cic do phéng xa 16n, c6 thé dung boi cua curi, ching han:

I kilocuri (kCi)y = 10" curi = 3,7.10" 5!



Mot don vi khdc ciing ding d€ do do phéng xa la rozofo {1y theo tén mha bac hoc Anh

Rutherford). 1 rozofo duge dinh nghia bang 10° phan rd trong mot gidy ( 107 57y, nhur vay:

1 mCi = 37 rozoto.

|.3. HE THONG TUAN HOAN VA CAC PONG VI

1.3.1. Béng tuian hoan cic nguyén to hod hoc

Bang tuan hoan cdc nguyén 6 hod hoc do Mendeleev v Lothar Mceyer dua ra doc 1ap
V@i nhau vio nam 1869 nhim he thdng hod cdc nguyen (6 theo tinh chit hod hoe va lam sdng to
méi lien quan gifta cdc nguyen 8 hod hoc vai nhau. N6 ciing cho phép tien dodn sy 16n tai cua

cic nguyen t& ma thoi by gty con chua tim thay.

Su tim Kidm cidc nguyén 16 mai dira vao biang wian hoiin ¢ thé chia lam ba gial doan xen

ph nhau vé moc thai gian:
a) Giai doan phdt minh cic nguyén to bén

Cédc nguyén t6 cudi ciing duge phdt hién trong giai doan nay 1 hafni {1im ra nam 1922)
vit teni (1925), dita (6ng 50 cac nguyén 0 bén 1én 81, di wr nguyen & 56 | (hydro) dén so 83
(bitmut), v6i hai ngoai l& 12 cdc nguyen 16 s6 43 va 61. Ngoai ra, hai nguyén & khong bén la

thori (56 90) va urani (56 92) cling da duge phat hign.
b) Giai doun phat minh cdc nguyén 16 khong bén cé trong ti nhién

Urani di duge phat hién rdt som, tir nam 1789 boi Klaproth, thori cling tir nam 1825
(Berzelius). Vice nghién et tinh chdt phéng xa cia hai nguyén 16 nay. chu yéu do Picrre va
Marie Curie thue hién, ddn dén viéc (im 14 cic nguyén 19 polon {(s6 84), radon (s6 86), franxi

(875. radi (3 88}, acuni (89) va protactini (91).

¢) Giai doan tim ra cdc nguyén 16 nhdn tao

Hai 6 tam bo trong trong bang tudn hoan duge dien diy boi hai nguyen 16 phéng xa
nhan tao thu duoe nhd phan (ng hat nhan, d6 1a techneti (43) va prometi (61). Atatin (83} ciing
duge phit hién dau tién bing phin ing hat nhaa trude khi bi€t rang nguyen 16 nay Ja san pham

phan rd clia urani va thori.

Sy 1im ra cic nguyén 16 sau yrani mang mot ¥ nghia dac bigt, boi vi né md rong bing
tuan hoan cdc nguyén 16 hod hoc. Cho dén nay dd tim thdy 23 nguyén 16 sau urant, dau tién la
cde nguyén 10 neptuni {93), plutoni (94), amerixi (95) va cudi clng la cac nguyén to 112, 114,
116, 118. Nhitng nguyén 16 sau urani dilu tién dugc nhém nghién ¢t cua G. T. Seaborg phat

hién tai Berkeley. California; cdc thong bio dau tién vé cic nguyén 18 104, 105, 106 duge dua ra
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d Dubna (Nga), su tdng hop cdc nguyen t6 tir 107 - 112 duoc thue hién lin dau tien & Darmstadt
(DPric); Dubna ciing cho biét sy phit hién nguyén (6 114 vi Berkeley thong bio vé cic nguyen 1§
I16va 118,

VGi sir tang o thir wr cdc nguyen o trong bang tuin hoan, tinh bén clla cic nguyén to

giam di nhanh dén mic thai gian song clu chiing tinh bing phin nghin gidy v ciu hoi liéu ¢6

the tao ra céc didu kién dé cdc nguyen t6 nang hon 16n tai duge hay khong van con bo ngo.

1.3.2. Bong vi

K&t qua nghién ciu cdc nguyen 6 phong xa tu nhién da dua dén su khang dinh rang mot
nguyen {8 hod hoc c6 thé tén tai & nhiéy dang nguyén tir khic nhau vé khai lugng vi cac tinh
chat hat nhan. Trong thuc t€, thisi bay 210 ngudi ta di tim ra khodng 40 loai nguyén tir, ma trén
€o 80 cdc tinh chdt hod hoc thi chiing chi thuoe v€ 12 6 trong bang tudn hoan. Nam 1913, sau khi
Rutherford dua ra miu nguyén tr ¢ chia hat nhan va cdc electron, Soddy da glai quyét kho
khan nay bing cdch dat cdc loai nguyén tir cng dién tich hat nhan vio cing mat 9, e 1a cing
Mot Vi I trong bang tudn hoan. Nhing loai nguyén 17 thude vao cling maot & trong bang tuin
hoan, vi the goi 1a cde déng vi. Cac déng vi khic nhau vé nguyén tr luong, nhung cé ciing dién
tich duong ctia hut nhan, ciing mot I6p vO electron va vi the ¢6 cimg cdc tinh chat hoj hoc. néu
anh huéng nhoé cia su khde nhau vé nguyeén tif lugng 12 ¢6 thé bd qua. Ngay sau khi Soddy cong
b6 dé nghi clia minh, ¥ ¥ uong vé sy tdn tai cde déng vi clla ciic nguyén t6 bén da duge chiing
minh bing thi nghiém phin tich cic tia duang cua Thompson (1913} vi chinh x:ic hon nita béng
phuong phiip khai pho clia Aston (1919).

C6 nhimg nguyén (6 ¢6 nhiéu déng vi bén cling v6i cdc dong vi khong bén. Ching han
thiée c6 10 dong vi bén v 18 déng vi khong bén, Nhimg mot s6 nguyén (6 nhu Be, F, Na, Al P,
[, Cs lai chi c6 | déng vi 1a bén.

Cdc loat nguyén tir khde nhau vé nguyén tir 6 (dién tich hat nhan) hoic ching dién tich
hat nhan nhung khdc nhau vé nguyén tue lugng goi lia cde nuclit. Ten goi chinh xdc cda cdc nuclit
khong bén 1a cic nuclit phéng xa. Céc thudt ngit nguyén 6 phéng xa dung cho cdc nguyén 16
khong bén, nuclit phéng xa dimg cho cdc nuctit khong bén durge siy dung mét cich wong duong.
B¢ phan biet cdc nuclit, ngudi dat trude ky hiéu hod hoc hai con s6, mot dé chi nguyén 1t luong
(phia trén), mot dé chi nguyén tir 56, chang han *,C. ‘Tuy nhién, dua vae ky hicu hod hoc nguo
ta ¢6 the ty suy ra nguyen 1 6, nén dé biéu thi déng vi cacbon 14 thutng chi can viet "'C. Doj
khi, nham cung cdp cic théng tin ddy di hon vé mot dong vi phong xa ngudi ta ghi thém ca
dang va nang lugng phan ri:

MC B (b AERCy |.1N
B
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Hien nay khoang 2800 nuclit da duge bigt. Khoang 340 nuclit ton tai trong 1y nhién ¢

thé chia thanh 4 nhém:

1) 258 nuclit duge thong nhit xem 1a bén;

2) 25 nuclit véi nguyén tr s6 nhod hon 80 duge thong bad la phdng xa nhumg 7 trong 50
dé chura duoe kiém chitng. Nhiéu nuclit thudc nhém nay ¢6 thoi gian ban huy rat dai (19 nucht
¢6 thoi gian bén huy dai hon 10" nam va 4 nuclit khac hon 10" nam) va tinh phong xa clia
ching khong chimg minh dugc mot cach chic chitn. Mot vai nguyen 16 Limg duge coi la phong
Xa roi san dé lai thong bdo 1 bén, 15 nuclit vai thai gian ban huy trén 10" ¢6 thé coi 1 hau nhu
bén.

3) 46 nuclit, chd yéu 1 **U, **U, ¥ Th va cdc san pham phan rd phéng xa cua chiing, la
nguon goc cua do phéng xa tu nhién;

43 Thudc nhém cudi cing nay 14 mot 86 nuclit hinh thanh do tac dung cia cic tia vo try,
dai dién chi y&u 1a MC, "°Be, 'Be vi '11. Cic nuclit thude nhém niy 16n tai trong ty nhién & nong

do rit nho.
1.4. TINH BEN VA SUBIEN BOI CUA HAT NHAN
1.4.1. Nhitng guy tuat quan sat dugce vé tinh bén cua cice hat nhan
Trén ¢o s& mau hat nhan nguyén tir duge tao thanh Ui cdc proton va notron, s¢ proton
(P) biing s6 thif tu ctia nuclit treng bang tudn hoan (Z}, con s& notron (V) bang s6 khai clia nuclit

(A) trir di s& proton, Trong 267 hat nhan bén, t6 hop cdc gid tri P vi N ¢6 thé chia thinh 4

trudng hap sau day:
a) P vi N déu Li 56 chan (hat nhan chén - chidn) la trudng hop rat phé bién (158 nuclit),
b) P chdn, NV 1é (hat nhan chin - 18) ciing phé bién (53 nuclit),
¢) P 1&, N chédn (hat nhan 18 - chin) ciing phé bién (50 nuclit),
d) P 1¢, N 1¢ (hat nhan }é - 1&) rit hiém, chi cé 6 nuclit ("H, "Li,"“B, BN, ¥V, "'Ta),

S6 luong 16n cdc hat nhan bén chan - chin cho thiy tinh bén cao cha cdc hat nhan ¢é 16
hop P-N nay, cde céch 16 hgp chan - 18 hoac 16 - chin ¢6 dd bén tuong duong. T6 hgp 1é - [é nhur

la mot ngoai 1€, trong 6 hat nhan loai nay thi 4 1a cdc hat nhan rat nhe.

Tinh phdng xa o thudng gap hon & cdc nguyén 8 niang Z = P > 83 (Bi). Cdc nguyén 10
¢ nguyén tir s6 (Z) chin chu y&u ¢d tinh phéng xa (B hoac hat nhan ¢6 kha nang thu nhan

electron. Khi phdng xa 8 hoic nhan electron nguyén tir lugng khong thay déi, nhung hoic 1a 1

15



notron chuyén thanh proton (trudmg hop phong xa B), hoic | proton chuyén thanh notron (nhan
electron).

Mot quy luat khic lién quan dén tinh bén cfia cdc hat nhan 1 quy tac Mattauch cho ring
cdc hat nhan déng khoi 1ién nhau khong thé ciing 13 bén, trir trutmg hup A = 50, 180, Chiéng han,

trong cdc ddy nuclit dong khdi dudi day, cic nuclit ding gifta 12 hoat dong phéng xa:
TAr K *Ca
""Ba '®La '"™Ce
Yy Ly U*Hf
Nguoi ta cling nhan thdy ring dac bict bén 13 cic hat nhin cé £ = N = 2, 8. 20 {cic G
ky digu hai lian), hay cdc hat nhan ¢6 P =28,50, 82 va N = 50, 82, 126 {cdc 56 ky diéu).

1.4.2. Nang lwgng lién két cua ciac hat nhan

Nhitng quy luat quan sat duge vé tinh bén ciia cdc hat nhan ¢6 thé giai thich duoe thong
qua viéc rinh toidn nang lugng lien két cta cic nucleon trong hat nhan. Ngudi ta dira ra nhiéu mo
hinh cau tao hat nhin, nhu miu giol, mdu vo, miu suy rong {(tap the), miu quang hoc, nhung
khong ¢6 mav ndo moé td duge moi tinh chat clia hat nhan nguyén ur. BE tinh todn ning luong
lien ket chia hal nhan, méu giot 1 thuan tién hon ci. Theo miu nay, hat nhin nguyveéen wr duoc
xem nhu giot ¢hét long, & dé cdc nucleon diéng vai trd twong te nhir cdc phan tr trong chat léng.
Nhimg tinh chil dac trimg cla cdc giot 1ong 13 cde Juc lién két, sic cang bé mit v khuynh
hudng tach déi khi giot quid 1on.

1.4.2.1. Tinh nang luong lién két ciia cde hat nhan hing phuong irinh ban kinh nghiém cia
Weizsaecker

B¢ tinh nang luong lién két toan phin (Ey) cua 131 ¢d cdc nucleon trong hat nhan, trén co
fal it =] 5] =
sO mau giot, Weizsaecker dd dua ra mot cong thite bin kinh aghicm:
Ey=F +E +E +E +L, (1.1

Cic s6 hang B, E, E.. E|, E; s¢ dugc giai thich dudi day.

Phan déng 26p quan trong nhiit 11 nang luong thé tich:

E.=+aAd (1.2)
trong d6 «, la mot hing s6, A 1a 6 khoi. Sy giim nang lugng licn két do lye day tirong ho ¢
cdc proton vd1 nhau duge phan dnh trong $6 hang Coulomb £

uz-)

E =-a, --t (1.3)
A



Vi a, 1a mon hiing 86 va Z 1a nguyén tr so.

Vi s0 khoi (A) 19 1§ vdi the tich hat nhan tie 1 vai Tuy thira bac 3 cha ban kinh hat
phian, nén A" 1y 1¢ v&i biin kinh hat nhan vie A7ty 10 véi dién tich bé mat giot. Nang lugng bé
mat ¢l hat nhan (£,), d7 nhién iy 1& thuan vai dién tich bé mat hat nhan v tinh bang biéu thie:

E}: = ‘i.l|. AEH (1.4)
Vil 1a mot hing s6.

Do cdc proton do tich dien ciing ddu day nhau, cic notron déng vai wd gin kél céc
nucleon trong hat nhin. Néu so proton hing s0 notron hat nhan s¢ 1a bén vimg nhil. Nhung thue
1€ g e so tha g 1dn, sy du thi natron A — 227 ngdy cang ldn. Su du thira notron larn gidm nang

luong lien két mot lugng duge goi ta nang lugng doi ximg, tinh bing bicu thie:

o a
A

Tinh bén ctia cice hat nhan chan - chin v khong bén clia cdce hat nhan 1é-18 duge phan

anh qua s6 hang £, voi cde gid url sau day:

E, = +3(A. Z) trong trudng hop chin - chan

']
e
I

. = 0 trong trudng hap chan- 1¢ hoae {¢ - chian

I

-0(A, Z) trong trudmg hap 1¢ - ¢
Con & duoe tinh gan ditng bang ¢ong thife § = ¢, /A, vl ¢, lvhang 6.

Tir cic tinh odn, ngudt ta thy duge cde gid i sau diy cha cie hiing so lién quan dén

vice tinh nang luong lién k& hat nhan:

o, =1 b MeV, w0383 MeV, a.=13.1 MeV, ax 19,4 Mev,

a = 33MeV.

V& mot gid i cho trude  cua s6 khot A, khi bidu dién bing d8 thi sy phy thudc nang
lugng lign két hat nhan I, vio nguyeén w6 Z, ngudi ta c6 thé thu duge 1 parabon (hinh 1.1) cho
cic hat nhan dong khai o6 56 khéi 1€ (16 hap £ - N chian-1é, 1&-chiin. & = 0) vit hai parabon (hinh
1.2) cho cde hat nhan dong khigi ¢6 50 khoi chin (£, = £0).
1.4.2.2. S0 kil va nguyén ui heong

So kheot A cua mot hat nhan i s6 nucleon €6 rong hat nhan (A = N + P, vl the fudn 1a

SO NEUVEN.
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Nguyen ni khoi M 1a khoi Iugng cua nguyen tir bicu dign bang don vi nguyen tir lugng.
Trude day, nguyen 1r khéi va khéi lugng hat nhan duge bidu dién rong thang don vi oxi vi ton
taj mot sur khice biét gitra thang nguyén tir luong vat ly va thang hod hoc. 'Trong thang vat ly,
nguor ta dinh nghia don vi oxi a 1/16 khéi lugng nguyen i ¢la dong vi O (nhur the nEUVEn L
O = 16,000000 don vi oxi). Trong thang hod hoc, don vi oxi i 1716 khai huong

I

lrgng cia
nguyén ur trung binh cdc déng vi tu nhién cia nguven 16 oxi. Nguyen 1 khoi trung binh el

nguyén (6 oxi trong thang vat Iy la:
0,99759x16,000000 + 0,00037x17,004507 + 0,00204X18.004875 = 16.004462.
¢ day, 099759, 0.00037, 0,00204 1a phan mol cic dong, vi trong hén hop tr nhién ciia oxi.

Nguyén t&r khéi cia cling mot nguyén 1r trong thang hod hoc, vi thé, bing nguven tr
khoi trong thang vat Iy nhan véi hé s6 16,000000: 16,004462=0.99972 |+0.000005 Su xic dinh
phin mol cdc déng vi trong hén hop tu nhién ciia oxi c6 do chinh xdc khong cao, vi the twong

quan gilta nguyén 1 khéi trong hai loai thang bidu dién ¢6 mél d& bat dinh.

Trong uhitfg nam 1960-1961 ngudi ta dé nghi mot thang nguyén tir khéi mdéi, théng
nhat trong hod hoe viv vat 19, & d6 don vi dé bidu dién nguyén ar khoi duge dinh nghia 1a 1/12
khoi luong nguyén tr cua dong vi C, goi 1a don vi cacbon d.v.C (ahy (he nguyén wr khdi cia
PC = 12,000000 d.v.C). Mol d.v.C bang (1,66056620,000009)10%s. So \v6i thang mdi, i s
nguyén tr khoi trong thang hod hoc cii chi nhd hon 0.005% con trong thang vit 1y thi ldn hon
0,0318%.

Nguyen tir khai duge xdc dinh véi do chinh xdc ur 10 dén 10 biang phuong phip khéi
I

pho.

1.4.2.3. Tinh nang luong lién két theo do hut khoi

Theo méan proton - notron vé hat nhan nguyen 1, nguyen tr khai (M) bang tong khoi
lugng cla cac proton, electron va notron:

M= ZM, +NM-sM (1.6

trong dé M, 1a t6ng khéi lugng cia | proton va | electron bicu dién bang don vi cacbon,
tic la bang nguyén tir lugng clu déng vi 'H va M., 13 khoi lugng cua notron bidu dién qua don vi
cacbon, 6M 1a do hut khoi.

Su tuong duong gitra khéi luong (m) va nang lugng (£) bidu thi bing phuong wrinh

Emstein;
E = mc? (1.7

Vol ¢ 1 van 8¢ dnh sing (¢ = 2,997925.10° m.s ™),
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NEU sir két hop cde nucleon tao (hanh hat nhan tod ra ning lugng lien két Iy, kém theo
surhut khor M, thi

E,=8Mc . (1.8)
T (1.6) va (1.8} rat ra;
SM=Lj=ZM, + NM - M, (1.9)
hay:
Ea=cZM, + NM -M). {1.10)

1.4.2.4. Ndang luong lién két trung binh ciia mot nucleon

Chia hai v& ¢t (1.10) cho s8 khéi A ta thu duge bic¢u thic tinh ning lugng hén két trung

binh tinh cho | nucleon:
EJA = (ZM, + NM - M)/A (11D
1.4.2.5. Nang luong lién két ciia proton hodc notron cudi citng
Nang luong lién k&t cha proton cudi cling 3£ (proton) duge tinh theo do hut khoi Khi
mot proton két hop véi mat hat nhan dé o thinh mdt hat nhan ¢6 s6 thi wy tang théem 1:
SE . (protony = (™', M + M, -}, M)’ (1.12)

Ning luong lien k&t clia notron cudi cimg 3£\, (notron) diroe tinh theo d6 hut Khéi khi

mot notron ket hop véi mot hat nhin dé o thinh mot dong vi ¢6 s6 khoi tang thém 1
6E|{(]](T[|'()ll) = ("\'lZM + M.\ - "\-_/.l"Vf}C: ( 1.1 3}

1.4.3. Giai thich cac quy Iuat vé tinh bén vi su bién doi cua cac hat nhan dua vao nang
lnong lién kel

L.4.3.1. Su phdn hach caa hat nhan ndng

D61 véi cde hat nhan trung binh v nang, sy phu thude £,/4 = 11A4) duoc bicu dién bang

d6 thi trén hinh 1.1,

Hinh 1.1 cho thay ring edc nguyén t6 c6 nguyén (W s gén vdi sat ¢é ning luong lien ket
trung binh tinh cho 1 nuclcon cao nhat vt vi the bén nhat, Tir s6 khdi A = 90 1o di ning Tugng
niv lien tue gidm. Sy phian hach cla cde hat nhan nang thanh hat nhin nhg hon cho phép thu
duoce nang luong. Su chénh lech gid tri £,/A cOu urani véi nguyén 18 ¢d 56 khoi xip xi bing nua
cla nd vio gt MeV. Hat nhan urani ¢hita hon 200 nucleon. Su phan hach mot hat nhan urani

thimh hai hat nhan #tho6 hon 5@ phit ra nang luong hon 200 MeV.
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Nang luong fien ket trung binh ctiia mot
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1.4.3.2. Swiong hop hat nhan nhe

Cée gt £,/A cla cde nguyen 8 nhe duoe ghi trong bdang 1.3 v bicy dién hitng dé thi
trén hinh 1.2 nhu [& mot ham cia s Khéi A, Tirhinh 1.2 dé thay ring trong ving cie nguvén 1o
tthe. sirtang nang Iuong lien ket trung binh khi di or 71 deén cic nguvén 14 nang hon 1a it 1én.
Vi the, nang luong. quy v¢ don vi khai luong. thu duge do wong hop cic hat nhian nhe 16n hon
nhiéu so v&i sur phan hach. Trén Mat Troi v cdc vi sao. nang lugng thu duge cha yéu do phan
g tong hop hat nhan.
1.4.3.3. Nang lwong lien ket cia proton, notron cuoi cung va quy ludt tien hé tinh bén voi

tinh chdn - I¢

Khi tinh ning luong lien kél ot proton cudi cime 8F, {proton} vit cua notron cuot cing
347, (notron) theo cac cong thiic (1123 vi (1.13), nEIdi ta nhin (hdy rang cdc gid v niy tuong
doi cio khi chuyén hat nhan tir chin - 1¢ hoie ¢ - chin sang chan - chin va tuong doi thap khi
chuyen hat nhan tir chan - chin sang chan- 1¢ hoac 18 - chin. Cic g1 tri cao dic biél cua 8F,
(proton} viv 8F,, (notron} nhan duge khi chuyén thanh hat nhan véi cic 56 kv dicu.

1.4.3.4. Nang luong lien két va quy tde Mattatch vé cde hat nhan dong khot

be gidi thich quy tic Mattauch ngudi ta ¢6 thé sir dung phuong phip tinh ning luong
lign két mot cich bin kinh nghiem cia Weizsacecker, Chang han, ta chon lam vi du cic nuclit
dong khoi c6 5@ khai A = 73, 86 khdi 1¢ tong (ng vai cic hat nhan ¢4 so nucleon chin - I¢ hodc
le - chan, £; = 0. K&t qui tinh nang lugng lign ket theo cic phuong trinh tir (1.1) dén (1.5) cia
cic hat nhan dong khai nay, duoe trinh bay ten dé thi cia hinh 1.3, tao thinh ot parabon, Har
nhan ¢6 ndng lugng lien k&t 16n nhat, ndm & cue tidu clia parabon, s& 1 bén nhat, trong dily déng
khai nay dé6 1a ™ ,,Ge. Cie nuclit v6i s6 thi tr £ > 32 s¢ phin rd 3* (e Ta phan electron), con cic
nuclit €6 Z < 32 s¢ phan rd (3 dé chuyén thinh “'Ge. NGi chung, nuclit o clng xa cue tdu cla
parabon, te 1 c6 nang lugng lién k&t chénh léch cang nhicyu véi nuclit bén, s€ ¢ théi gian bin

huy cing ngin.

Hinh L.4. uinh bay bién thién nang lugng lién k&t theo 86 thir tr Z cin cic nuclit dong
khéi co A = 64. Vi s6 khai chin, dé thi bién thién nang lugng lien két s& tao thanh 2 parabon,
duong phia trén wong (mg vdi cdc truomg hop hat nhan chan - chian £, = +oll (A, Z) vi duding
dudi vér cic hat nhan Ie - 1¢ £, = -8E,4A, Z). Trong dily cde déng khdi niy chi ¢é 2 nuclit bén 1a
“Ni vat Zn. Nuclit “Cu nim & diy hé parabon bicu dién nang lwong Tien ket cua cac hat nhan 168
- Ié. nghia 1a trong déi bén hon cic nuclit déng khai 16-1¢ kKhic, lai van Ja khong bén so véi cic
dong khéi chin - chan “Ni vi “Zn. Vi thé n6 ¢6 thé phan ¢a ¥ d€ & thanh 7n. hoac [} dé¢
thinh “'Ni. Nhin chung cdc nuclit nim & diy duong parabon biéu dién s phu thuse bien thicn

nang luong lién két theo s6 thit w Z cla cic nuclit dong khoi déu lusn ¢ mot xdc sudt nhat dinh
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phan ri 3 vi mot xde suat nhat dinh phan rd (¥ dé chuvén thimh cic dong khdi bén ¢b s6 proton

-ungtron ¢hin - chan,

Bang .3, Nguyen we khdi. do hut Khot viinang lwong lien ket rung binh tmbecho mot nucleon

| T T g sy | e g
) mi nucleon (MeV)

(1 (2) (3 {4 (5}

T I()_(i%;._’;;()a? 100814546

n 1008664967 | 00898366 '. )
e’ 0.000548550 0.000548754

BET 2014101787 201474214 | (mf)—z_ R22 1112
H 3.016049286 3.01700820 0.00910569 2827
Tie 30106029297 3.01698820 B 0.0082 574 2572
e 4.00260325 400387582 0.03037676 7074 |
e | 6.0188910 6.028046 003489 1377

L 00151232 60170356 { 0.03434(131 5332
| 70160045 7.0182351 T 5.606 |
L § 0224872 8.0250378 0.0 4411% 160 a
1 9.0267899 9.0296398 0.0- 1867501 503 |
Be 7.0169297 70191606 004036335 5371

R oowms 3.0078503 0.06065487 7.003
“Be 90121825 9.0150478 006244248 6. 401 |

e 10, nmm 10.0167184 _ 0.06975525 6,498

e b 11021660 S Lodsied 0.070720492 Csosy
‘B 8 0236075 § 0271588 004051250 4717
B 10.0129380 10.0161215 (.0695 1202 6.475
g 1L0093083 110128036 0.08180960 6028 |

__’-‘i%m 17""014&(} 12,01317'24 U(xﬁp?n 6.631
¢ | ) 13.017780 -13,(}-2“)19 .090()0402_ (1,-49? o

(R
(')



Bdng 1.3 (1iep theo)

@

(h (2) (3) (5)

e 10.0168576 10.0200423 0.06475249 6.032

e 11.0114331 11.0149340 0.07884196 6.676

°C 12.000000 12.00381523 0.098940002 7.680

Re 13.00335484 13.00748907 0.10425019 7470

e 14.00324199 14.00769412 0.11302796 7.520 )
e 15.0105993 150153717 0.11433562 7.100

oC 16.014700 16.019792 0.11885989 6.922

E 12.0186130 12.0224342 0.07948709 6.170

"N 13.0057387 13.0098737 0.10102636 7.239 |
N 14.00307401 14.00752600 0.11235602 7476
N 15.00010898 5.00487805 0.12398602 7700 |
N 16.00609940 16.0111883 0.12666056 7.374 |
N 17.008449 17.013856 0.13297593 7.286

O 14.0085972 14.0130510 0.10599289 7.052

0 15.0030654 15.0078345 0.12018967 7.464

“Q 15.99491464 16.000000 0.13700539 7.976

0 16.9991306 17.0045352 0.14145340 7.751

"o 17.99915939 18.00488197 0.15009057 7767 |
% 19.0035764 19.0096183 0.15433853 7.567 h
20 20.004078 20.010438 0.16250190 7.569

*} Khoi lugng ciia electron duoe ghi vio day dé so sdnh véi cie nucleon.



CHUQONG 2
SU PHAN RA PHONG XA

2.1. CAC DAY PHONG XA

Sau khi Becquerel phdt hién tinh phong xa cta urani nam 1896, hai nim sau Schmidt
chimg minh tinh phéng xu clia thori va v chong Curie tim duge hai nguyen td mdi ciing ¢é tinh
chat d6 12 poloni va radi. Nhitng nghién ctu ti€p theo da tim ra mot s6 ln cdc san pham phan ri
cling ¢6 tinh phong xa cla urani va thori. Dau tién cic nguyéa 16 phong xa méi phat hién duge
dat cho cic 1én goi khong cho bict gi vé bin chat hod hoc cta né nhuw UX. UX,, UZ... ThA,
ThB... Sau khi Soddy dua ra khii ni¢m dong vi nam 1913, cdc dong vi phong xg duge biéu th
biing ky hiéu hod hoc clia nguyén t6 kém theo véi 6 khéi, nho UX, = Th-234; UX, = Pa-
234m: U7 = Pa-234, ma ngdy nay duoc viét khic di doi chiit, chiing han **Th hoac *"Pa.

Ciing chinh Soddy clng véi Fajans (1913) da dua ra dini fugt chuyén dich phong va:
1) Khi phan rii o s khoi giam 4 con 56 thit tr gidm 2 don vi (A" = A-4& 2 = Z-2).
2) Khi phan ra [3 s6 khoi khong thay d61, s6 thit ur tang 1 don vi.

Ciic nuclit hoat dong phong xa ¢é quan hé nguon gée vdi nhau thuge vao mot diay phong

xa hodc mot ho phong xa. :

Theo dinh luat chuyén dich phéng xa, cdc nuclit thuoe cling mot ho hoac ¢6 cung $0
KNh6i hodc ¢6 so khoi khic nhau mot 6 nguyén 1an clia 4 don vi. Vithé 1ong cong co thé ¢é 4 ho
phong xa mi s6 khol clia ching tuan theo cic cong thilc A = 4t A = 4n + 1A = 4 + 2;
A = 4n + 3, v6in b cdc 56 nguyen (trudmg hop 4n' + 4 quay vé 4n. khidatn + 1 = #). Ba
trong s6 cdc ho phong xa di duge tim thdy kbi nghién ctu tinh phdng xa wr nhién ctia urani va
thori.

Diy phéng xa (mg vai cong thitc chung A = 4n bt du tir ““Th. Trong cdc déng vi clia
thori, chi c6 *“Th tén tai trong tu nhién véi luong 18n, dén miic trong thyc 1€ ¢é thé xem thori
nhir mot nguyen to don déng vi (nguyén 15 tinh khiét). Cac nuctit thuge ho thori duge thong ké o
biing 2.1.

Ho phong xa (ng véi cong thire A = 4u + 2, duge théng ke trong bang 2.2, bit dau tir
WU, mot déng vi ¢6 mat véi luong 16n trong urani ty nhién. Vi radi 13 mot déng vi phong xa

thuoe ho nay, nén thutmg goi ki ho urant - radi.



Bang 2.1 o Thori 14 = d4n)

| Ilat nhan | Thoi ':ﬁr‘l bin Dang phan rzl; Nang l:r-(\rig\l;m e

Tl L4110 nam | o 101

“Ra(MsTh) | 5.57 nam [3 . 001 ]

“Ac(MsTl) | 6.3 h B 200 i

RATRY | 191 nagn e 5.42 N

“RaTNX) 3.66 ngav o 5.69

TRetTny | 556 o 0.29

SPorThAy | 0405 s I _ 6.7%_ ]

UPh(INB) [ 10640 B 057
P EBUTHC) | 60.6 min wfp 609 [3:2.5 |
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Beng 2.2, Houram-radi 4 = Ju + 2
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Ddy phéng xa bat diu tir **U g vdi cong thitt A = 41 + 3. Péng vi **U con duge
goi 1a actinourani vi trong cdc con chdu ciia né trong ho phéng xa ndy ¢6 *Ac Ia déng vi quan
trong nhat, ¢6 thai gian séng lau nhat (thdi gian bin hiiy 21.6 nam) ciia nguyen 1o actini. Ciing
vi the ho phéng xa nay duge goi la ho actini (bing 2.3). Can chii ¥ rang trong urant tr nhién tén
tal hai dong vi, **U chiém 99,2740% khdi luong v *“U chicm 0.72056 khai lugng. nhung hai
dong vi nity thuoe haj diy phong xa khdc nhau. Ngoai ra con ¢o mat lugng nhs *"U (0.0055%)

la san pham phan ra ciia U,

Day phéng xa tng vdi cong thiic A = 4n + | khong ton tai trong tw nhién, duge 1im
thay sau khi diéu ché thanh cong mot cich nhan tao cic nguyeén 1o siéu urani. Nuclit khdi diu ho
phoéng xa nay ¢d ddi sang dai nhat (thei gian bin huy 2.14.10° nam) la neptuni 237, vi the day
phong xa nay goi Ja ho neptuni. Khi Trii £ méi hink thanh, chic chin ring it ¢d cic thanh
vién cua day neptuni ghi rong bing 1.4 déu ¢6é mat. Nhung sau d6 cdc thinh viéan niy phin i v

bién mat trén Tra: Pat.

Trong cic bing 2.1 - 2.3, san phdm cudi ciing cia sy phan ri cic diy phong xa 1 nhién
déu [3 mot déng vi bén cla chi: *™Pb = ThD: *Ph = RuG: *Pb = AcD. Chi c6 ddy neptuni
ket thuc bing *"Bi. Trong i ca cic diy phéng xa déu ¢6 hien tuong phan rd song song (ré
nhénh), & mét nhdnh cic phan ra néi (i€p nhau theo trinh 1w phin rd o-phan ri ', o nhinh kia
theo trinh tr nguoc lat phan ra B -phan rd o, Thuong mot rong cdc nhinh xay ra wu tién mot

cich 18 rét so v cic nhanh kia,

Cac thanh vién riéng r& clia ciic ho phéng xa ¢ thoi gian ban huy rit khidc nhau, tr 10"

cta *“Th dén 0,3 phin nghin giay (ms) ciia *“Po.

o]

2. DONG HOC VA NANG LUGNG CUA PHAN RA PHONG XA

3

-2.1. Dong hoc cua phan ra phong xa

[

241 Quy ludt dong hoc bdc 1 cua phdn rd phéng xa

Su phan rd phong xa dién ra theo quy luat dong hoc bac 1. Nhur di bidt trong dong hod
hoc. ¢dc phan tmg bac 1 tuan theo phuong trinh dong hoc sau day:
-dN/dr = AN (2.1)

N la s6 nguytn 1l ela nuclil phéng xa dang khio sit, -dN/df 1 56 nguyén wr phan ra
trong don vi thai gian, tic 13 t8¢ do phan rd, & 13 hing s6 toe do phan ra. Tich phan phuong trinh

(2.1) nguéi 1a thu duoe:

N = Ne™ . (2.2)

"
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N, 1a $0 nguyén Ur cta nuclit phong xa o thoi diém ¢ = 0. Than diem ¢ d6 mot nia s6
nguyén 1 ban dav dii bi phan 1l (N = N,/2), goi 1a thdi gian bin huy t;,, ¢6 thé tinh duoc bang

ciich 1ay 16garit 2 vé& cia bidu thie:

NIN,=1/2= ™2 2.3)
vii thu duge:

Ln =2/ =0,69315/2 (2.4)
haoiic:

=2/, . (2.3)

Prura (2.5 vao (2.2) ta cé:
N = N2y (2.6)

Tir phuong trinh (2.6) dé thaly ring s6 nguyén wr phéng xa sau | lan théi gian ban huy
con lai 1/2. sau 2 14n 1., con /4, sau 7 180 7,, con 1/128 (tic 12 it hon t9%), sau 10 jan ¢, cdn
1/1024 (it hon 1 phan nghin) so véi luong ban diu.

Trong trudmg hop thai gian t ka ral nho so véi thdi gian ban huy (1 < < (;p). €6 thé thay

mot cich gan ding thita 6 ham mi trong (2.2) bing mot chudi lug thira;

Ui — g+ “”" .:1—1.12[--’--)1-51---"“- (’—} 2.7

ey, 2 Aty

Trong truong hop 7 di nho so véi £, nguoi ta co thé bo qua s& hang chia lu§ thira bic

I~

Mot dai luong ciing thudng duge st dung i doi song trung binh cua hat nhidn phéng xa

1, duoc dinh nghia theo cdch thong thuong cua cdc g tn trung binh:

]
= J'Ndz (2.8)
Pua(2.2)vao (2.8) tacd:
1= ]c‘}‘[ dt = —1-- (2.9
0 A .

So sdnh cac biéu thire (2.9) v (2.4) d& thay rang 1 bing 1,443 1dn thdi gian bdn huy.

Pat gid tri 7= 1= 1/% vio (2.2} ta thu duge V. = Nyfe va dia ra nhdn xét sau day: Thoi

gian song trung binh 1 }i khoang thoi gian can thiél d€ s6 nguyen wr phéng xa gidm di e lan.



Sir khic bi¢t quan trong giita dong hoc cua quit trinh phan ra phéng xa véi cic qud trinh
hod hoc 13 ¢ ch6 hing s6 t6¢ do phan rd, thoi gian bin huy hoic thai gian séng trung binh cua
cde dong vi phéng xa néi chung khong phu thuge vio cic di¢u kién bén ngodi nhu nhiét do, ap

sUdt. trang thii vau 1y hoac lién két hoa hoc, trir mot vai ngoai ¢,
2.2.1.2. Hogt d¢ va khot luong
Toc do phan ra tinh biing 6 phan ra, tite 13 s6 bin d6i hat nhan wong | giay ciing duoc
got 1a hoat do phong xa 1
_,‘7L= -AN/dr = 3N {2.10)
Vi the quy ludt thay doi hoat do phéng xa theo thoi g1an cing chinh la quy luat dong
hoc da khiao sdat o muc 2.2.1.1.
A=A, = AL12)"2, (2.10)
trong d6 A, Ji hoat do phong xa ban déu.
Nhu d& néi o chuong 1, trong he ST don vi hoat do phéng xa I beequercl, viét tat 1a By,
duge dinh nghia 11 phan 13 trong | giay, nghia 1a:
IBg=1s¢".
Trong thuc t€, d¢ do hoat d6 phong xa ngudi ta thudng sir dung don vi curi, cic ude 6
vit ca cde hoi $a cia nd {(xem muc 1.2).

Phuong trinh (2.10) ciing cho bigt quan hé gila hoat do va khoi Iugng chat phong xa, n6
cho phép xdc dinh duoe khét lugng chat phong xa khi do hoat do phong xa ctia no, hoidc luong
chit phéng xa cin ding dé dat duge mot hoat dd phong xa cho trude. Tir cie bicu thic (2.5) vi

(2,100 it ra:

; A
l'\! = “ﬁ = T .I'l a
Ao In2 U7
hay:
(.J"l'f A .
m:h = AM—--JL,.-E {2.13)

Nav NayIn2
var M Ta nguyén (r gam, M, 1a s6 Avogadro.

Vi du dé minh hoa ta thir tinh khdi luong P cén thict dé s hoat d¢ phéng xa | Ci, cho

12 cua dong vi niy bang 14,3 ngay.

Giai: S nguyén tir *P can thit d¢ ¢6 hoat do phéng xa 1 Ci la:
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- U
N=27 10T 4324 36002 6.6.10'°

In2
Suy ra khéi luong PP can <6 fa:
16
32.60,6.10 P
m= = 3.5.10 bg =35 pg
6.02.10~

Mot dai hugng quan trong kKhac la hoat do ridng 4, cia mot ngayen 10 pheng va, duge
dinh nghia 13 hoat dé phdng xa cia 1 don vi khéi luong. thudng Ta 1 g, nguyén (0 (bao 20m ca

khoi luong cde dong vi phong xa vi khong phong xa).

ﬂszﬂ-{@} hoac (']1
m| g L8

(2.14)

Doi khi hoat d6 phéng xa rieng duge quy vé mot mol hop chilt hod hoc chifa nguyén 16

A, :ﬂ{lsi:l hoic LOJ (2.1%)
T om | mol mol

Chéang han hoat d¢ phéng xa riéng clia benzen dugc ddnh ddu boi "C thudng duge cho

phong xa:

theo don vi mCi/mmo! = Ci/mol.

Sif thay doi hoat do phéng xa riéng theo thi gian cling tuan theo phuong trinh (2.11):

171
_j 1 i
Ay = A, & = ;45“{- ) (2.10)

L2
trong d6 A, 12 hoat do phdng xa riéng tai 1hoi diém t = 0 (hoat dé phéng xa rieng ban diu).

Hoat do phong xa riéng ¢6 ¥ nghia thye € quan trong déi vdi cdc nha hod hoc. Tuy timg
loai cong viéc, cdn ¢é cdc chit phong xa vai hoat do rieng thich hop. Nhimg trung hop dac biét
doi hoi chat phéng xa ¢6 hoat do rieng rt cao, cén ¢6 nhifng gidi phap k¥ thuat thich hop khi san

xual nuclit phong xa bang cdc phin dng hat nhan va dieu ché cdc hop chat dinh diu.

Trong hod hoc théng thudmg ngudi ta chi quan tdm dén khéi lugng cdc chat ¢ mét trong
hé. nhung trong hod phdng xa, cling nhu trong cdc iing dung chat phdng xa, bén canh khéi
luong, hoat do phéng xa riéng 12 thong tin rat quan trong. Ngoai ra, bang cich dong thdi xdc
dinh khéi luong vi hoat do phéng xa ngudi ta cé thé nhin duge nhimg thong tin quan trong vé

cdc qud trinh bign doi vit chat trong hé khdo sit.



2.2.2. Nang luong ciia phan ra phéng xa

Trén co so nguytn 1y 2 cla nhidt dong hoe. ta biet ring mot qua trinh hod hoc chi c6 thé
tu dien ra khi né Yam cho he chuyén sang trang thili bén vimg hon vé mat nang lugng, nghia 1a
trong chuyén hod ay, h¢ gidi phéng mot nang lugng duong cho moi trudng. Quy ludt ay ciing ip

dung che sy phan ril phong xa.
St phin ra phéng xa ¢6 thé bidu dién bsi phuong trinh phan ng 10ng quat:
ADB + v + AF. (2.17)

Phuong trinh nay cho bigt rang mot nguven wr A chuyén hod thianh nguyeén ur 3 phit ra
mot hat X va giii phong nang lugng AE. Su1inh AE cho biét khi nang (i dicn ra phin tng (2.17).

AL > 0 nghia [ su phin rd B e6 khi nang (o xay ra. Con AE < 0 1hi nguree lui.

Nhu da trinh bay trong chuong 1. AE I két qua ¢y su chuyén hod d6 hut khai AM
thanh niing luong. Nhur theé, mot nuclit o6 the ty phin i néu khai huong cua cie san pham cla
phan wmg phin rd nho hon khét luong ciia nuclit ban diu. Nang lugng gidi phong AL duoc chia
cho hat nhan B vit hat A Hat v nhin duge phin nang lugng Ion hon nhicu vi nd ¢6 khai lugng
nho. “Trudng hop x - la clectron (phan ra ) hoac luong 1 v cling duoe bicu dién bai phuong
trmh chung (2.17). Khi v = lugng 1 v, cdc nguyen ur A vie B chi kKhde nhau vé muic nang luong,

qud trinh duge goi la phin rd déng phan (isomere).
Vi AM =M, -(M, + M) (2.18)
nen theo phuong trinh Einstein i cé:
AE = M- (M, + M)t (2.19)

Chi y rang 1 dv.C = 1,660566.10%g; ¢ = 299792510 m.s™, nen theo (2.19), st hut

Khoo Jdov.C phit sinh mot nang luong AL = 1,49244.10 ™.
Trong khoa hoc hat nhan nguoi ta thuomg st dung don vi nang luong eV:
leV = 1,60219.10"],
rutra 1dv.C = 9315 McV. (2.2(h

Nhimg ngay ca khi AL > 0, sy phan rd ¢6 dién ra hay khong lai con 1 van dé khic.
Nang luong hoc cua phan (ng (2.17) duge mo 14 boi so do ¢ hinh 2.1, & dé st cheénh lech vé
nang luong cua hat nhan me {A) va san phdm phan 1d (B + x) 1 AL Cling giong nhu trong phin
img hod hoe, ede hat nhan khong bén (A) phai vuot qua mot hing rio the ¢d chiéu cao Ly de
chuyén hod thanh san pham phan rd (B + x). Chi nhimg hat nhin me nao ¢6 nang luong cao hon

mot luong Fy 5o véi ning lwong trung binh thang ké E, ¢l tiap hop cic hat nhin A méi vugt qua

)
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duge hang rao the va phan ra duge. Chi¢u cao cia hang rio the cang thip, xdc suat phan ra cang
o, tic la tde dé cua su phan ri phong xa cang 16n.

Tuy nhién, sy phiin rd phéng xa khong giéng hoan toan vdi phan ing hod hoc. Trong
phan rd c, hat nhan cé thé khong cin phai vugt qua dinh hing rio thé ma xuyén qua hing rao
nhd higu tmg dudng ham. Xdc sudt clu viée xuyén qua hing rao thé nhu vy s& cang cao khi AE

cang lon.

Trang thai kich thich cla hat nhan A

Nang irang
44]

AE B+ x

Hinh 2.1, Tang rao thé trong phan il phdng xa.

2.3. CAN BANG PIIONG XA
2.3.1. Khai niém vé can bing phéng xa
Khii ni¢m can bang phong xa vé thyc chat khong déng nhat véi ki niém can bing hoid
hoc. ¢ hiéu rd khdi ni¢m nay ching ta khao sit trudng hop quan wong va thudng eip trong hod
- . ) 2 g hopq 2R £ £d] g
phong xa, & dé mot dong vi me phin rd thanh ddéng vi con, réi dong vi con nav lai phan rd tiép

tue. Nhitng bién d6i nhu vay dugce bicu dién bing so dé:
Nuclit 1> Nuclit 2—Nuclit 3 (2.21)

Téc do tich tug nuclit con (2) la hi¢u giita 8¢ do hinh thanh déng vi nity do s phan ri

cua nuelit me (1) va toc do phan ra cia con:
dNfdr = -dNJde - 3N, = BN -GN, (2.22)
Thay vio (2.22) biéu thitc cita MV, rit ra 1r (2.2) ta c6:

ANJdt + 2N, - 3N e™ = 0 (2.23)

(8
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Gial phuong trinh vi phan tuyén tinh (2.23) ta thu duoc:

_ TR —7
Ny = 2L Nl{][e LI "31J+N{z)e &L (2.24)

Gia dinh rang & thoi diém t = O nuclit con di duge tich hoan toan khéi nuclit me, tic J
2" = 0'thi {2.24) tr& thanh:

Ny = Mlﬁ N [C—}_,L —e_}”[) (2.25)
Rat ra:
Ny = —’*' N e [1 —e“""-";’""] (2.26)
hoy =y
hay:
Ny = ﬁ N, [1 - e_(;i”-‘_}"”] (2.27)

Tir (2.27) dé dang nhan thdy ring trong trimg hop A, > A, sau mét thdi gian t d 16n ¢
thé chip nhan :

e T &0 (2.28)
va {2.27) tro thanh:
N, = M N, (2.29)
- 7'»2 - }\|
nghia la:
Ny _ M---—--———consl (2.30)
Nl 7\’?_ - A"]

Trang thdi & dé ty s6 nong dé nuclit me va nuclit con trung gian khong thay déi theo
th¥i gian goi la trang thdi can bang phdng xa. Su khdc nhau can ban giita can bing phong xa voi
can bing hod hoc ndm & chd can bing phong xa khong phai 1 trang thii ciia mot qud trinh thuan
nghich.

Tir diéu kién dé c6 cdc bidu thiic {2.29) va (2.30) ¢6 thé dua ra 4 trutmg hop sau day:

1} A, >> A, cling c6 nghia 14 thai gian ban huy cua nuclit me f,,(1) rat 1én so véi thoi
gian bdn huy cia nuclit con r,,(2), hé¢ sé nhanh chéng dat duge can bing phong xa. Diy la
trudmg hap cin bang the ky.

34



2) J, > A, nzhia 13 thai gian bdn huy cua nuclit me £ .{1} tuy 16n so vdi thdi gian ban
huy ciia nuclit con #,,(2) nhimg t6c do phan rd clia me cng khong thé bo qua. D& 1a truéng hop
can bang tam thi.

3) A, < *, nghla la thoi gian ban huy coa nuclit me t,,(1) nho hon so véi thoi gian bdn
huy cla nuclit con 7,,(2), khi 4y khong thé it gon (2.27) thanh (2.29) va (2.30), h¢ khong thé di

dén trang thdi can bang phéng xa.
4) Vacuoi ciung la rudng hop d.=A, nghia la ¢ ,(1) = ¢,,(2).
Sau day, timg truong hop ndi trén s€ duge mo ta chi 118 hon.
2.3.2. Can bang phing xa thé ky

Khir,5(1) >> #,,(2) wic Ja &, >> X, ¢6 thé chap nhan A, - &, = A, vi phuong trinh (2.27)
trd thanh:

Ny =t fi-e] (2.31)

Sau mot thai gian du dat, trong thue & thudmg 12 10 1dn thoi gian bdn huy cta nuclit con,

e = ™M™ = 2 gg |4 di nho dé ¢6 thé chap nhan | - ¢ = 1. ta co:
Ny N, = hhy = 1020 111 (2.32)
Tir{2.32} rat ra:
PN, = LN (2.33)
hay:
A, = A (2.34)

adiay A, = A, N, A, = A N, lahoat do phéng xa .

Nhu thé€ khi dat dén can bang phong xa, ty s& giiia s§ nguyén tir ctta nuclit con v me
luon ludn 1 hing s6 va hoat do phéng xa clia me va con luon ludn bing nhau. Can bang phong

xa nhu vty dugc goi Ya cdn bang thé ky.

V1 2, << #,, nghia la sur phan ra caa nuclit me cé toc do rat nho, trong mat khoang thai

gian nhat dinh ¢6 thé xem 56 nguyén 07 cla nuclit me la khong thay déi:
N, = N = const. (2.35)
suy ru:

Ny = NAJA, = N/ A, = const (2.36)
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Nhu vay, khi dat dén can bang phéng xa, trong mot khoiang thdi gian nhilt dinh ¢6 thé
xem s6 nguytn wr cta nuclit me, s& nguyén tir cda nuclit con, hoat do phéng xa ctia me va con la

khong thay doi.

Cic phuong trinh (2.32) va (2.34) ¢6 nhiéu tmg dung thuc 1€ rat quan trong. béi vi né
khong chi ding cho cdc nuclit con tric 1iép ma cho cdc nuclit con chiu bat ky cta mét day

phdng xa, n¢u cic diéu kién dé ¢6 cin bing phong xa duoe thod min.

1) Tinh thai gian bin huy ctla cde nuclit ¢6 thai gian bdn huy qud dai, khi ma viée xdc
dinh thot gian ban huy gap khé khan do sir thay déi hoat do phong xa khong thé do duoc bing

thye nghiém.

Vi die Trong 1 kg urani & can bang phéng xa ¢6 chira 0,34 me **Ra c¢ot,, = 1600 nam.
- L g [ =] p =] ) = EE
Cd the tinh duge thai gian bin huy cia 27U
10° 226

N 1)
hofl)=—514,5(2) = -— 2 1600 =4.5.10" nam  (2.37)
- N, 0,34 238

2) Tinh ham lugng ctu cdc nuclit ndm wrong can bang phéng xa cia mot diy.

My, Ny M, 1,,(2)
."HI M] -Nl Ml If[_.r:{l}

n,

(2.38)

trong do M, M, la nguyen tir luong.

TN

Vi du: Tinh lugng “"Ra ¢6 1,,(2) 14 5,75 nam ¢6 trong g *“Th ¢6 1,,(1) 1a 1,41.10"

nam:

M, t,,02) 228 575 ]
My = 0 —".-v-'l‘(—J = 5 =40110 g

- M, 1,.(H 232 14210

Nhiing tinh toin nhu vay ¢6 tdm quan trong Gn trong céng nghe xir ly qUENgE urani vi

thor?, n6 cung cap thong tin vé luong ba thai phéng xa can duge xU(r Iy vir quan ly.

3) Ung dung trong phan tich, ching han xdc dinh ham luong dong vi me trong khodng
vat thong qua do hoat dé phéng xa cia nuclit con. B¢ xdc dinh ham lugng vrani trong quang
NEUoi ta ¢6 thé 1ién hanh do hoat do clia Th-234 hoic Pa-234m.

Ham lugng radi trong méu ¢6 thé duge xde dinh véi do nhay rit cao nhes do radon nim &

can bang phong xa v radi.

Cong thac tinh khoi liugng ¢l nuclit me tir hoat do phdng xa «ia nuclit con ¢6 the rdt ra
tric tép tir cac phuong trinh (2.10) va (2.34):
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M|
m; = My f?-?-.;, (1) (2.39)
Nay In2

2.3.3. Can bang phéng xa tam thoi
Can bang phong xa tam thai xay ra khi A, > A, nghia [a thdi gian bdn huy cia nuclit me

1,p(1) tuy 1dn so vdi thoi gian biln huy clua nuclit con ¢,,,(2) nhung tdc d& phan rd cua me ciing
khong thé bo qua.

Pé tién tap tuan ching ta nhac lai véi gia thiét tai t = O nuclit con duge tich hoan tan
khoi nuclit me, uic 1a N,' = 0 vi d tai véi phuong tiinh (2.27)

N :LﬁNl [1 —e_(}"f_}"n] (2.27)
ha =k

Khi f 1a di I6n, trong thuc t¢ thuong 13y ¢ HU__(I—)___i") . e e thanh du
fHa(h-hale

nhod so vé 1, 1a co:
f\':z = T .'\"r| (2)40)

va it ra:

;'\f'r L ! 2
Yy Mo hetd) (2.41)
N ha—Rh () -60(2)

Nhu vay ty <0 gifta $6 nguyén 1 (cling 1a ty sd khéi luong) cia hai nuclit me v con trd
thanh hiing s0, khong thay déi theo thoi gian, hé di dat duoge can bing phéng xa.

Dua vio dinh nghia hoat do phéng xa cho b& phuong trinh (2,10} vt phuong trinh
(2.41) dé dang tim thy:

A MM A e @)
As XZNZ :’\.2 fl_.-'j{l)

(2.42)

C6 thé thily ring khdc nhau co bin cla cin bang lam thdi vdi can bang thé ky 1 0 chd
khi dat dén can bang tam thoi hoat do cia guclit me uon nhod hon hoat do phdng xa cia nuclit

con, trong khi & cin bing thé ky hai hoat d6 phéng xa nay ludén {udn bang nhau.

Cic biéu thirc rit ra duge 11 viée nghién ctu trang thai can bang phéng xa tam thai ciing
¢ cic (mg dung tuong o nhy trudng hop cin bing the Ky, su khic nhau chi ¢ dang cu thé cua

cde phuong trinh tinh todn. Thay cho cac phuong trinh (2.37), (2.38), (2.39). ¢ day ta ¢6:
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:,,2(1)=t,;2(2){%l-+IJ (2.43)

2
my _ M, »ﬁg' ] M, _ h2(2) (2.44)
m My N M, Ha(1)=ty/2(2)
M A
m, el B -'—'2—-[f1,."2(])_"].*2(2)] (2.45)
N‘,\\- In2

T T T T e ey

@ A Hoatdotdng A=A+ A,

L L i i —.

N7 Atong(f)tangddn
)k/ | SRS o ! 5

L= 4 E o
©- 1 fN\
0 | | el
©- "\'\
o
I L | \\_\
10 \\ - |
o + .\_.\....: ‘ -
. T
| 1y
S e st SR SR S
- 1 . ‘\_ | ~ T~ H 57
; \ Ag tach riéng (khai 1)

b oacd earh ebla sl ool Nt ol solf ) s
| i f ' .

livorfd ibd off> 53 and \ :

0 1 2 3 4 § 6 7 8 9 10
Thai gian tt,,

Hinh 2.2. Su phu thudc thoi gian cua hoat do phéng xa tong cong
va hoat do phong xa riéng 1€ cua cdc nuclit trong can bang thé ky.

Hinh 2.2 va 2.3 cho thay rd su khédc nhau can ban ctia can bang th€ ky va can bing tam
thoi. Khi dat dén can bang thé ky hoat do phong xa cuia cdc dong vi me va con luon luon bang
nhau va khong thay déi. Trong trudng hofp cua can bang tam thoi. dudng bién thién hoat do A,
chi cat A, tai mot diém A,,,,, con khi dat t6i can bang, cic hoat do nay khong bang nhau va
luon luon giam. (Chui y: Truc tung ctia cdc d6 thi dugc chia theo thang logarit).



' I.="k\;;tror§|g(\1\!1.tén§ dan
10 N VI

O\ Adtachiéng (khdi 1)
if LALD LT N |
01 2 3 45 6 7 8 9 10

Thai gian tt ,,

Hinh 2.3. Su phu thuoc thoi gian cla hoat do phong xa 16ng cong
va hoat do phéng xa riéng ré cta cdc nuclit trong can bang tam thoi.

2.3.4. Nuclit me ¢6 thoi gian ban huy ngan hon

Khi thoi gian bin huy cta nuclit me 7,,(1) nho hon thai gian bdn huy cta nuclit con
11p(2), nghia la &, < A, khong thé rit gon (2.27) thanh (2.29) va (2.30), hé khong thé di dén
trang thdi can bang phoéng xa.

Tu phuong trinh (2.25):

rat ra:

A’\f: = _l_]_ A;I“e-:’\._.l [I A e—[}.l—:hj n ]

g . (2.46)
Ay — A
Sau thoi gian ¢ du 16n, g M -An o 1, phuong trinh (2.46) tr¢ thanh:
A "
Ny=—t Nl (2.47)
Ay = A
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Tir (2.47) dé thay rang, sau mot thai gian nuclit me da phan rd hét, hoat do phong xa
chia hé chi con 12 hoat do phéng xa cia nuclit con. Tuy nhién hoat do nay ty ¢ thuian vé so
nguyén tir me o thoi digm ¢ =0 (N,".

Hinh 2.4 mé ta bing dé thi su thay doi theo thdi gian cha hoat do téng cong, hoat do cua

nuchit me va con trong truong hop 1,(1) < 1,5(2). (Truc tung duoc chia thee thang logarit).

e e —— ey
N N S g — b
PN R N S
! I i . oA ?

A, (iéng ré) | | Ténghoatds A=A+ A, e

\ NP i .

10°> R NN Dy B I I

B o T B e S
\ i
r/ N ,Al ;
T I
I N
r N
< | ™LA tangdantrong1
2 tan ntrong 1 \
'('8. 10_"1____! gl,_ — _g RS \L 1
©- — ! L C N E—— A —
O ‘. I.._ ‘ _:_ R - — e - .‘.
= H X
:
i : w
| T N
| Y
1 |

0 1 2 3 4 5 6 7 8 9% 10
Thai gian tit 1,

Hinh 2.4. Su phy thudc vio thi gian chia hoat dé phéng xa 16ng cong va
hoat dé phong xa riéng 1é cua cic nuclhit trong trudng hop f£,,(1) < 1, .(2).

2.3.5. Nuclit me va con ¢6 thoi gian ban huy xap xi nhau

Trong phian rd hat nhan, thudng hay gap cdc truong hop ma nuclit me va con cé thoi
gian bdn huy gin biang nhaw: 1,,(1) = 1,5(2), tdc 1a 2, = A,. Trong thye t€ khong ¢é trkmg hop
nuclit me va con ¢4 thii gian bin huy hoan toan bang nhau. V1 th€ s& chi ¢é cic khi nang nhu

da trinh bay trong cdc muc 2.3.2, 2.3.3 va 2.3 4. Tc Ja néu nuclit me ¢é thoi gian bin huy dai hon
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thi h¢ s& dat duoce trang thdi can bang ram thoi, sau mot khoang thoi gian thich hgp. Trong
trudng hop nguge lai khong ¢6 can bang phdng xa.

Tuy nhién mot cau hoi thye t& 1a can chd mot thai gian 7 diu bao lau dé ¢o thé xem

e M hoge e #2131 di nho so véi 1 va c6 thé dp dung cdc phuong trinh (2.42) v (2.47) ma
chi pham mot sai s6 duge phép € cho trude. C6 thé tim duge cu Lra 161 biing cdch dar:

e,tkl-?.ln = g (248]

e,m.}.zn =g . (249)

Ldy logarit hai v€ cdc phuong trinh (2.48) va (2.49), thay A bang cic phuong trinh lién
hé vai thoi gian ban huy, dé dang nhan dugc:

;o 1Bl/E L7200 2(2)

> . (2.50)
182 f1,2(1)—12(2)
cho trudng hap 7,,(1) > 1,,(2) (nuclit me séng lau hon con);
. 7
;5 lelre fyaaa(2) 2.51)

T 1g2 e () =121
cho trudmg hop 7,,(1) < ,,(2) {nuclit me s6ng ngan hon con).

Khi cic gid tri f,,(1) va t,,(2) qua gan nhav, miu so cia v& phai (2.50) va (2.51} ri nhé
lam cho thi gian phii chd trd nén quéd 16n dén néi viéc dp dung cde phuong trinh (2.42) va
(2.47) mat y hghia thuc (€. D€ minh hoa ching ta xem xét diy bicn déi sau day:

i B
Iy P Xe_3 M Cs (2.52)
6.6h 9.1h
Ap dung phuong trinh (2.51) v&i gid thiét sai s6 pham phai khong qud 1%, thu duoe két
qua:
lg 9,
(< 100 669 160
g2 = 25
Thoi gian ¢ phai chey doi nay 13 qud 16n doi vai 'Xe, boi vi sau thoi gian nhu vay hoat

d6 clia né da gidm di vio khodng 10° ldn.

Hinh 2.5 trinh bay su phu thudc vao théi gian ciia hoat do phong xa 16ng cong va hoat
do phéng xa rieng ré cla cdc nuclit trong trudng hop cap me - con “'Zr (1, = 64 ngay) - "Nb
(f,z = 35 ngay), mot vi du khd dién hinh cta trudng hop 7,,(1) > 1,,(2) nhung khong qui xa
nhau. Hinh 2.3, 2.4 va 2.5 cho thay ring, khi khong ¢6 can bang thé ky, sau mot thdi gian, hoat

do dong vi con dat d€n cyc dai tal giao diém clia cdc dudng A, va A,.
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Mot van d¢ ma wrong thue 1€ cita cong viée do hout do phong xa rdt duge quan tam la

thoi gian 1,,,,(2) ¢dn thiét dé hoat do dong vi con dat dén cuc dai.

Thuc chat day 1a bai todn 1im cyc tri cia hiam so:

N: =_!\.I . Nli}(e—i.ll _C—?._.l) - (2.53)

2T A

Cho dao ham bac nhat ¢lia {2.53) bang 0, sau mot vai bién doi don gian ta duge:

i‘;g 2132 __"I 2 U “lr_?iz)_ la il__E_(I) {(2.54)
A’l ."”2“)_{];2(2) *IIJE{E)
] .

) \"\., £.. ———— ——— ———
) A
- - i
el S )
- x\ T - S
: TS T
- . R, l_.;...._..:‘-_.\.. -
AN S oooTs
—_XX - S —
. R ___;:;;\

AT

N, -
™.,

N\ :
\J( A Rieng ré (tach khdi 1)

0 f;m Ty 160 200
(26,5d) (26,5) Thai gian t (ngay)

Hinh 2.5, Sy phu thude vao tht gian cha hoat do phong xa 16ng cong va hoat do phdng xa ricng ré ol
cde nuelittrong truomg hop cap me - con “Zr (7, = 64 ngdvy - "Nbis . = 35 ngiy).

2.4. PHAN RA NOI TIEP

Dé 16ng qudt hod cdc phuong trinh thu dude trong muc 2.3.4 cho trudmg hop mot diy

phong xa ¢d » nuclit, phan ra theo so d6 tOng quat sau:



Nuclit 1— Nuelit 2— Nuclit 3-» Nuclit 4...-> Nuclit n (2.35)
Tuong o nhiue & muc 2.3.4 ta 6 hé¢ phuong trinh vi phan:

AN fdt = -i N,

dN,fdt = 2N - AN,

AN Jdt = N.- AN, (2.56)

dNJdr = 2, N - AN,
Giai h¢ phuong trinh trén véi cac diéu kién ban dau: 9t = 0. thi:

N,o= N NY=N'"=_.=N"=0 (2.57)

Ta thu duge bicu thitc tong qudt cho phép tinh dugc s6 nguyen L coa nuclit th 7 1
thot diém £

Ny = e + e+ ee™ + o+ 0™ (2.58)

il

& dé cdc hé s6 khong ddi ¢,. ¢ ... ¢, tinh bing cdc biéu thic:

1S - ..;)\‘
P LR S L
(/\.2 - }Ll )(};3 —7\.| }...(J*..” - 7-.1 )
Cn o= - kl_;\'l"'lu—l_ o NU
2 (= A )hs —haddhy —Rp) (2.59)
;\_I_ll’“'l -l 3 0
T

= .
" m R Mg A )e(pag —Ay)

Nh& cdc phuong trinh (2.58) va (2.59) <6 thé tinh todn khéi lugng cic nuclit cua mot

diy phong xa bil k¥ bao gdm cdc phan ra néi ti€p nhau.

D6i véi nuclit con (2), tir cic phuong trinh (2.58) va (2.59), khi dat n = 2 dé dang tim
lai phuong trinh (2.25) hoge {2.27).

Cho trutng hop cia nuclit chiu (= 3) ta co

[ —k ! : —hd
."\-"; = )\.1}‘.1;\":]. ------ ¢ - + - e- + ¢ -
’ - (7'\.2 - l1){k'§ —J‘\.I) ()»1 *;\.2){:‘\.3 _?‘2) ()l —;‘\.3)(:&2 —A.:;)

-8

(2.60)

Khi nuclit chdu la bén (A, = 0), su tich luy clia né duge bi¢u dién bang phuong trinh:



2 I8 _
N ::NIU{I -~ xz-—e ML e "'"-"‘:[ (2.61)

hay:

N3 _ Nl{){] _e-—lll __i_llkj (e—}.ll _e—l!l)} (2.62)
P A2

Su tich lug nuclit chdu ciling ¢6 thé tinh dugc theo phuong trinh:
Ny =N'-N-N, . (2.63)
Néu thai gian bin huy cia nuclit me 13 rat 16n hon so véi cdc nuclit con c_{h{i u, e 1
o << Ry Ay o, A

sau mot thoi gian tdi 16n tat ¢a cdc s6 hang trong tong (2.58) & trdy thanh riu who so voi 6 hang
ther nhét, phuong wrinh (2.58) sé trés thinh rat don gran:
N = ¢ e™ | (2.64)
Ngoai ra, khi chdp nhan mot cdch gan diing:
A-Ah=i vl = 2,3, 5.
thi biéu thic tinh ¢, trong (2.59) tré thanh:
A
o =—LNf (2.65)
A

Thay (2.63) vao (2.64) thu duoc:

x . A
N, =21 N,“.e t_ A1 N, (2.66}
)'*I'I kl\

Va ta ¢6 lai cdc phuong trinh di dura ra trong muc 2.3.2. khi nghién cirz can bang thé ky:

No _ M _tipn)

(2.67)
N] ln IE1.-’2(1)
va:

an = /qt (2)68)

Nhur 1h¢ cde phuong trinh (2.32) v (2.34) vé trang thdi can bing th¢ ky khong chi dp
dung cho nuclit con trye ti€p ma cho bat ki con chdu nio ciia ho phéng xa bao gém cdc phan ra
not ti€p nhau. Cic (ng dung trinh bay trong muc 2.3.2 ciing diing cho cdc con chdu khong trie

ti€p nay.
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2.5. PHAN RA RE NHANH (PHAN RA SONG SONG)

2.5.1. Bong hoc cua phan ra ré& nhanh

Phin ra £& nhanh 13 sir phan 1 phong xa dién ra theo o do nguyén tac dudi day:

(2.69)

A, 12 tdc do phan ril cua nuclit A theo hudng tyo thanh nuclit B; A, la toc dd phan ra theo hudng
tao thianh C; Ay A 12 cdc hang s6 téc do phan ra cuia cic nuclit B va C. Téc do phan 1d clia A
bing téng cic tdc do phan ra theo cdc hudng tao thanh Bva C
_dN:\/df = 7\‘uh N.-\ + ;\';u' N.-\ = {?kuh + }'EK)Nr\ = )“.o\N,‘\ (2'?0)
Su tich phan phuong trinh vi phan (2.70} cho ta:
NA — :\”e-l;’»ah + hauit (271)
A ¢6 thé phan ra theo nhifu nhanh khdc nhau véi cdc td¢ do rieng ré khac nhau, nhung
A chi ¢6 mot thai gian ban huy #,,(A):

“ 7
fyy (A)=m—“= L (2.72)
112 :
l/\ Aab +7Lac

Téc do tich [uy ciia nuclit B va C bang hi¢u s6 giita to¢ do hinh thanh (do su phan rd cia
A) v6i toc do phan rd cia ching:
ANy

o AapNa —ApNg (2.73)

Vi nuclit C ta cling ¢6 phirong trinh tuong ty:

d!\«'rc
di

= ?\.m: ;'\'FA - ;‘L( ;’V(‘ (274)

Thay (2.71) vio (2.74) ta duoc phuong trinh :
i

dN
dt

=0 NGe ket _ 3 Ny (2.75)

Si tich phan phuong trinh vi phan (2.75) v6i cac diéu kién dau Ny, = 0 khi t = 0 cho ta:

; A ab 01—+ e—},aal

Ny = (2.76)
;\'B _()"ab + 7\-:lc]| A

Phuong trinh (2.76) ¢6 dang hoan toan tuong tw véi phuong trinh (2.25) cua rudng hop
phin ra khong r& nhanh di khao sdt & muc 2.3.4.

Vi nuclit C ta cling ¢6 phuong trinh tuang tf.



Khi nuclit me ¢6 doi sdng dai hon nhiéu so vdi nuclit con. tie 13 khi P F e = A
<< Ay . phuong trinh (2.76) ¢6 thé riit gon thanh:

A ,
Ng :_xﬂ_h N, [1 ¢ 7“"‘] (2.77)
B

A

Sau mot thoigian ¢ di 16, ¢*®

<< 1, tr (2.77) rit rac

NN, = Ay/h, = const. (2.78)
Tuong t nhu vay, déi véi nuclit C 1a ciing ¢é:

NN, = M JAc = const. (2.79)
Céc phuong trinh (2.78), (2.79) cho thay rang hé di dat dén can bing phong xu.

Nuclit A ¢hi c6 mot thasi gian bin huy £, ,(A). Tuy nhién, mét cdch hinh thic, ra ¢6 thé
dura ra khdi niém thoi gian bdn huy riéng phan ¢,,(A), va {,5{A)- duoge dinh nghia nhu sau:

LalA)p = In2/h VA 15(A) = 02/, . (2.80)
Khi dy, (2.78) va (2.79) cd thé vigt lai nhur sau:

NNa = Aafhy

11

LalB) [t ,(A), = const (2.8
Vi NdNa = Adhe = 1,00 /1 ,(A). = const . (2.82)

Trong trudng hop nuclit con la déng vi bén hoac ¢o thdi gian séng lau hon nuclit me,
nghia la dy, + 2 = 2o >> Ay v kg + A = Ay >> Ac. phuong trinh (2.76) ¢6 thé it gon
thanh:

A .
Ng = 0 Na [e(h"h”':"“ - 1] (2.83)
7Lab + Age
hodc tuong tig, doi vai nuclit C
P .
Ne=—"%_N, [c“‘*"“‘-"“ - 1] (2.84)
7'Lab + lac

Chia hai v& cUa (2.83) cho (2.84) ta c6:
No/Ne = hafh, (2.85)
Gt << t,,(A) ¢6 thé khai trién e™ * % hank mot chubi:
e e ] AL (2.86)
vatlr (2,83} va(2.84) ngudi ta thu duoc:

NNy = At VA NJIN, = A1 (2.87)
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2.5.2. Vi du vé phan ra ré nhanh

§°K(1,28%0 a.

1,460

2+ g

&(A E=0,045)

v(1,46)

Foal_ o,
0,00% Ca

0+ 0t e(A E=1,505)

Ar =0,2%

Hinh 2.6. So do bien déi nang lugng rong phan ri ré nhdnh cia *K (nang lwong duge tinh ra MeV).

2I'_‘Bi
(Thc ) ¥
601,55 phit

ot(36%)

JuarrL
(ThC"™)
3.07 phuit

Hinh 2.7. Su d6 phan ra r& nhdnh ciia *“Bi (ThC).

Phan rd 1€ nhanh ril hay gap trong thic 1€ hod phéng xa, dac bi¢t 1a & cdc nuclit 18 - e
¢6 khuynh hudng phan ra B dé chuyén vé trang thai bén hon nhu “'K : ™Cu... Chéang han *K ¢6
trdng tu nhién phan ra theo hai nhdnh (xem hinh 2.6), véi xdc sut 89,3% theo hudng phit ra bic
xa 8 d¢ tr& thanh *Ca, 10,7% theo huéng nhan electron (bic xa P *) tao ra “Ar. Ngui ta quan
sat duoe nhi€u tricmg hop phén ra & nhanh trong cdc ho urani va thori. Thudmg thi su & nhdnh
dién ra rat wu tién theo mot huéng nao dé. Chi trudng hop phan ra cia 2Bi (ThC) ¢6 xdc suit
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theo hai hudng phan rd o (36,0%) va phin ra B (64.0%) so sdnh duge véi nhau. Didu dic biet &
phan rd ré nhanh cia **Bi [a hai nhdnh déu di dén cling mot sin phim cudi. tic 13 hai nhdnh o

thinh mér vong khép kin (xem hinh 2.7).

2.6. CAC DANG PHAN RA PHONG XA

2.6.1. Tong quan

Céc dyng phan ra phéng xa duge théng ke trong bang 2.5. Ngoai cic dung phan rd pho
bien o, (3, v dd duoc bict rdt s6m. tir nam 1982 lai day nguesi ta phat hién them S dang phan ri

phéng xa mdi.

Bdng 2.5. Céc dung phan rd phéng xa

C Ky e b g
Dang phin ra Fia bie xa Cha thich
i hiéu '
Phan rd o [ o lat nhan heli | Thudng gap d cac hat nhan nang ¢6 Z > 83 ]
53 Llectron Phia duci duomg tinh bén 3
Phinra
B Pozitron Phia trén dudng (inh bén B
Trong phin 16n wrrong hop viio khodng tir 10 ' deh
Phanra v ¥ Photon {hv) o P o & ,’p . &
: 107" s sau khi bat ddu phan ra . .
Su bt electron Bire xu tia X dac
{electron capture- g trimg cta nuclit | Phia tréu dudng tinh bén 3
EC) con

Su chuyén dong
phan {isomeric 3 Photon {(hy)
ransition-17T)

n P B N - . |
Chuyen sang trang thai kich thich khong bén, thurémg |
G dudn cie 56 ky dicu

J, Bicn hoan trong

i Birc xa tia X dac | Truyén nang lrgng kich thich (< 0.2 MeV) cho |
{internal e : '

. trumn electron cua 1op vo
conversion - 1C) £ P
Phan ra proton P Proton O xa dutmg 1inh bén
Cidc nuelit 1a sin
Tu phan rd st phim phin rd va | Xdy ra o nlifmg 8¢ khoi lén A > 245
noiron

262 Phanraa

Trong phin rd o ¢6 sy bide xa cdc hat nhan nguyén tr He, vi thé, theo quy tie chuyén vi
cua Soddi va Fajans, khdi lugng cia nuclit giam di 4 don vi con s& thi i giam di 2.
Nang fuong AL cua phan rd a« tinh theo do hut khdi dia vie phuong trinh Einstein:

AL = (i - my - et (2.88)
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trong d6 niy, i, i, 1n lugt 1a khoi luong coa hat nhan me, con, hat «.
Dé tinh AE ngudi ta cing thudng sit dung nguyén tu khoi cua cdc nuclit me, con va heli:
AE = (M, -M,-M ) (2.89)
viaM = m + Zm,.
Khi tinh todn theo phuong trinh (2.98) hoac (2.99) ngudi ta thdy rang tat ca cdc hat nhan
c6 s0 khéi A > 140 déu la khong bén, ¢d kha nang phin ri o.

Nguyén nhan Ia nang luong lién két clia 4 nucleon trong hat o thi rat ién, rong Khi nang
tvong lién két cua cdc hat o v6i nhau lai nho. Tuy vay khi AE khong du Idn, phédn rd a khong
xay ra, vi cic hat o khong virot qua duge himg rio the bao quanh né. C6 thé néi rang, xét vé mat
phan rd o, thi cdc nuclitcd A > 140 vé mat nang luong 1 khong bén, nhung vin ton tai vdi do
bén nhit dinh nhd yéu t6 dong hoc.

Tit i cde hat o duge birc xa tir mot phan rd nhat dinh 13 diing nang luong tic la ¢ ning
long giong nhau. Ning lugng cla qud trinh phan rd bi phin chia lam hai phin, nang luong dong
hoc cuia hat o, £,.va nang luong clia hat nhan loi £y :

AE = E, + £y (2.90)
T biéu thiic chia dinh uat bao toan dong lugng:
WGV, = HIgVN (2.91)
dé dang rit ra:
Ee = E mym,. {2.92)
Thay (2.92) vao (2.90) ta thu duoc:
E, = AELL + g fmg) (293

Vim, << mynén E, xap xi bing AE, sy sai khic chi vao khodang 29%. Nhu thé, phan
chi yéu clia nang tong phan rii chuyén thanh dong nang ¢iia hat o, chi mot phan rat nho thudc
vé hat nhan lGi.

Cé su khic biét ddng k¢ gilta cdc qud trinh hod hoc va sy phan rd «. Trong hod hoc
khong cé mai tién he dinh lugng giita khi nang (phuong dién nhi¢t dong hoc) v tée do (phuong
dién dong hoc) cla qud trinh. Nhung trong phin rd o, Geiger va Nuttall dd tim thdy mdi quan hé
gilia cdc logarit clia hang s6 té¢ do phan ra va nang lugng ctta hat a., mot dai lugng ¢6 lign hé
tryc tiép véi nang luong phan rd qua phuong trinh (2.93). Quy tic Geiger va Nuttalt dugc biéu

dién bhdi pheong trinh:
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logh = alog £, + b (2.94)
trong do «, b la nhitng hiing s6.
C6 the thay A bang ¢, khi &y (2.94) trd thanh:
logt n= b -dlog E, (2.93)
véi o', B 1a nhing hang s& mai.

Hinh 2.8 bicu dién bang dé thi tuong quan tuyén tinh (2.95) dsi v6i mot s6 16n nuclit

chin - chin.

+20
23
£ u-28 !
+16 -
--“\‘ 232Pu 2.
+12 20> =
! Ra- 226" :\\ 240\ cr zsz
+8: \.\.\\ -
. _ M\, \'zab
" R 222« o~ '
/< AV 212
. U
+4 Po- zzgi\\\ 226
0 m¢§\m
- = \\ e
4. ! A k
i Y-\\__\
8 < 212
0,50 0,40 1/‘\' Er - 0,30
400 5,00 6,00 700 800 900 10,00
E.(MeV) o

Hinh 2.8. Tuong quan gitra thoi gian ban huy cua cdc nuclit chdn - chin véi nang luong cla cdc hat o |

€6 mot Khé khin co ban da timg t6n 1ai trong cdc gidi thich |y thuyét vé phan rd «. Céc
thue nghiém cho thiy ring hang rdo thé can phai vuot qua dé xiy ra phan rd o la wwong déi cao
(> 9 MeV), trong khi d6 cdc hat « thodt ra khoi hat nhan chi ¢6 nang lugng vao & 4 MeV. Mau
thuan Ay da duoc giai quyét trén co s& khdi niém vé hieu tmg dudng ham trong co hoe hugng tir
do Gamov dua ra nam 1928. Theo cdch gidi thich niy ¢6 mot xdc suat nhit dinh d¢ cdc hat o

xuyén qua hang rio the theo mot dudng hdm, thay vi rréo qua hang rao nay. Cic tinh todn ly
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thuyét dd cho mot cong thifc gan ding cho phép tinh todn xdc sudi do. Khi biéu thi xdc sudt néi

trén qua hing s6 téc dd phén ra, nguoi ta difa ra phuong trinh:

-2

lgh=u~b—=
IR

||,_I:(.Jt

\I e,

trong dé a, h 1a cdc hang s0.
Phuong trinh nay ciing ¢6 doi chit teong ur vdi phuong trinh (2.94).

2.6.3. Phanrap

2.6.3.1. Khdi niém vé phanri 8

Trén hinh 2.9 nguti ta dua ra tusng quan gilta s6 proton P (P = Z) va s0 notron N trong
cée nuclit vi n6i lién cdc nuclit bén bing mot dudng in dam, duge goi la dudmg tinh bén B. Khi
s0 sdnh s& proton P (P = Z) vk s6 notron N trong cidc nuclit bén ngudi ta thay ring & cdc
nguyén 10 nhe P = N. Nhung khi Z tang lén, dudng tinh bén B lech dan vé phia truc N so vél
dutmg ¢6 hé s6 goc bing 1, nghia 1 cdn c6 mot mic do du thira notron nhat dinh dé nuclit la
bén.

80 80 100 120
N=A -7 =

Hinh 2.9. Cic hat nhan bén va dudng tinh bén 5.

Vi cdc nuclit gud du thira notron so v6i dudng tinh bén B (nam vé bén dudi dudng tinh
bén B) ¢o the xay ra phan i 7. Khi &y mot notron chuyén hod think mot proton, mot electron va
mot phan notrino (14 hat trung holt, ¢6 khi lugng nghi bing 0. momen tir bang 0 va spin bang

1/2). v, theo dinh fuat dich chuyén thit hai clia Soddy va Fajans, »8 thir e cla nuclit tang mot



don vi cOn s6 khéi khong thay doi. Nang lugng cita sur phan ra ciing duoc tinh dua vao phuong

trinh Einstein:
AE = {my - 1 - m )¢’ (2.97)

trong dé my, m,, m, lan luot 12 khéi luong ciia hat nhan me, con va electron. Khéi luong
cua phan notrino ¢6 the bo qua (< 2.107d.v.C.). Khi thay khéi luong hat nhan bing nguyén tur
lugng (M = m + Zan), (2.97) trd thanh:

AE = (M -Zom -M, + (Z; + Dm.-m} = (M- M) . (2.98)

Cic nuclit co du proton so v6i duding tinh bén 3 (ndm vé bén ven dudng tinh bén B) ¢6
tinh phéng xa B*, khi &y mot proton trong hat nhan bién déi thianh mot notron. mét pozitron va
mot notrtno, s6 thi ty giam mot don vi cdn 6 khéi khong thay déi. Nang luong phan rid duge
tinh twong ty nhur trudmg hop phan rd 7, nhung vi; '

Zy=2Z,—-1 néntacd:
ol =M -Zim -M, +(Z,-1ym.-m] = (M,-M,-2m.)c. (2.99)
Tir (2.99) rit ra ring phan rd B* chicé kha nang xay ra khi nguyén wr lugng cau nuclit
me 16n hon cua nuclit con nhi¢u hon hai lan khéi luong clia electron:

M -M, > 2m, (2.100)

Khic vai cdc hat a, cic hat § ¢6 phan b& nang luong licn e tir O dén mot gid trj E, .,
vai tri trung binh vao khoing E../2. Nang lugng F,.. 13 tdng ning lugng cia electron va
pozitron. Vi khoi lugng cla electron va pozitron 1a khong dang ké so vdi khéi lugng clia nuclit

con, £, xap X1 bang niang luong phan ri AF.
Nam 1933, Sargent dua ra mot phuong trinh kinh nghiém lién h¢ giita ning lugng AE va
hang 56 téc do X cla phan i {3, ¢6 dang tuong tu nhur phuang trinh (2.94) & phan rd o
logh = aloghE + b (2.101)

trong dé cdc hang s6 «, b clia cde hat nhan nhe, trung binh va nang ¢6 thé tim duoe tir gian do
Sargent.

2.6.3.2. Su bat electron

Mot dang tuong duong v6i phan rad B* [a su bét electron (Electron Capture - EC, ky hiéu
bang €), & d6 hat nhan du thira proton bat mot electron ¢ia 16p vo dé chuyén hod mot proton du
thanh mot notron. Cic electron 16p K ¢6 kha nang bi hat nhan bit cao nhét, vi the sy phan rii nay
cling con dugc goi la su bat K. Két qua bién déi hat nhan gicng ahur phan ra (*, nhung thay cho

pozitron la sy phdt xa tia X, vi mot electron & 16p ngoai s& chuyén vao lip day ché tréng ma
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electron bi bat dé lai ren i6p K. Dac diém cla bc xa tia X tir 16p K 12 tinh don nang, vi the cdc
nuclit phéng xa kidu bit electron [a cdc ngudn phat tia X ¢ tmg dung thuc €. Chi ¢4 il truong
hop tia X duoc phit ra do cdc electron ldp L. Tuy nhién. khi nang luogng phan rd nho hon nang
luong tién két cia eiectron K, thi chi electron & cic 16p ngoai (1., M...) mdi ¢d thé bi hat nhan
bat giit.

2.6.4. Chuyén hoa y

2.6.4.1. Khdi niém vé chuyén hod y

0 AL25%d)
: N
o) -,
13% AN
‘.‘ \ '\\
y ‘\\ LY 1,087 2+
r. [AY :
’ U,%z I':I . .\\ :
569870/3 A . y(1,087)
- 1(0.676)
LoN0412 g 94
B-:f'11371) . \ P
0,025% \ :
\  1(0,412)
193
l_g

Hinh 2.10. So 46 phan ri ciia " Au.

Khi xay ra phan rd « hoic B, hat nhin con weng sy hinh thanh cia no ¢6 thé ¢ vio mot
trang théi kich thich. Khi chuyén tir mot trang thdi kich thich vé trang thdi cu ban, hoac vé mot
trang thai kich thich thap hon né phit ra céc chiim photon ctia bire xa y. Mot vi du vé chuyén hod
v duge minh hoa trong so dé phan rd ciia "*Au (hinh 2.10). Khi phan rd [3, v&i xdc suat 98.7%,
“sAu chuyén sang trang thii kich thich thi nhat cva déng vi con '""Hg nam cao hon mitc co ban
0,412 MeV, v@i xdc suat [,3% sang muc kich thich that hai (1,087 MeV) va chi vai xdc sudi
0,025% vé mic co ban cia "Hg. C6 ba kha ning chuyén cdc hat nhan ""Hg r ¢dc trang thdi
kich thich v€ trang thdi co bin hodc mirc kich thich thip hon tuong tng vdi ba bue xa v: Trang
thai kich thich thit hai chuyén tryc tiép vé trang thdi co ban véi xdc sudl 20%, vé trang thdi kich
thich thiy nhat véi xdc suat 80%: va tir trang thdi kich thich thi nhat vé trang thdj co ban. Két
qua 1a trong hout dé phéng xa B 10ng cong ta thu duoe cic bitc xa v6i cudng do twong, d1 sau

day:
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v(1,087) 0.2.1,3(%) = 0,026%,

Y(0,676): 0.8.1.3(%) = 1,04%,
H0.412): 98,7(%) + 0.8.1.3(%) = 99,74%.

Phé buic xa y phdt ra tir cung mot hat shéan 13 gidn doan, nic 1a ¢6 cdc mirc nang lugng
hoan toan xdc dinh. Vi phdn nang Jugng 1bi truyén cho hat nhén 13 rat nhod so véi nang lugng clia

tia y nén trong thuc 1€ ¢6 thé chdp nhan nang luong cia tia ¥ bing nang lugng phan ra:
E, = 0E. (2.102)
Chinh vi thé¢ pho ké'y [a cong cu quan trong nhat dé nghién citu hat nhan nguyén tir.

Thoi gian song clia cdc trang thdi kich thich rat ngan, chi vao khoang tir 107" dén 10™ s
nén biic xa y xudt hién ngay sau khi xay ra phan ra a hoic p.

2.6.4.2. Chuyén hod dong phan (Isomeric Transition - IT)

Ne&u su chuyén y true ti€p 13 bi cdm, do su sai khic 16n vé spin hat nhan gita trang thai
kich thich va wung thii co ban, két hop vdi cie dinh luat bio toin mémen hat nhan va bio toan
tinh chin 1€, mét trang théi gia bén hodc déng phan hat nhan s& hinh thanh va phan rd véi thoi
gian bdn huy rieng clia né. Su chuyén tir trang thdi déng phan gia bén sang trang thdi co ban,
kem theo sy bife x4 tia y, goi 1a chuyén hod déng phan. Chuyén hod déng phan la doc lap véi
cdc bifc xa o hoac B di kém v mot s6 déng phan hat nhan c6 (mg dung thuc 1€ rdt quan trong

vOi tu céch 14 nguon phdt y tinh khict. Ching han *"Te ¢6 (mg dung rat rong rii trong y hoc.
2.6.4.3. Su bién hodn trong (Internal Conversion - 1C)

Thay vi ifc xa cdc photon cha tia X, hat nhan bi kich hoat cling ¢6 the truyén nang
luong kich thich cila né cho cdc clectron & 16p vé, nhat 13 16p K, qud trinh &y goi 1a su bién hoin
trong (Internal Conversion- IC). X4c sudt cha dang bi¢n hodn nay tang 1én khi tang nguyén i s
va giam nang lugng kich thich. Khi 4y thay cho tia v, hat nhan s& bic Xa cdc electron bign hodn
(ky hieu 13 e}, nang luong ciia tia y chia thanh hai phdn, mot dé vuot qua nang luong lién k&t clia

electron trong I&p vo (E,.) va mot 12 nang lugng clia electron E,:
E.=E, -E (2.103)
Khiéc véi cac hat P thong thudng, cic electron bién hodn 14 dan nang. Giong nhu trudng
hop bat electron, khi mot electron 16p ngodi chuyén vao ldp chd tréng ma electron bién hodn dé
lai trong 16p vO, nguyén tlr phdt ra chim tia X dac tnmg.
Ty 6 gifta 56 electron bién hodn véi 56 photon bifc xa y trong mot don vi thdi gian, tife
1a 1y s6 gitfa cdc hing s6 t6c d¢ bién hodn electron (4.} va biic xa ¥ (&) duge goi 1a hé s6 bién
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hodn:

o = A, (2.103)

S6 electron bign hodn trong mot don vi thai gian 1a ©ng cia cc electron bién hoan cha

cdc 16p K, L., ..., nén h¢ s6 bién hodn o 12 téng cha cic hé $& bién hoén riéng phin cua cic 16p
K.L, ...

a =0 + o +... = A(KYA, + ALYA + .. (2.104)

2.6.4.4. Su birc xa dong thoi mot electron va mgt pozitron

Mot khi nang thay thé rdt hi€m hoi cho sur bic xa tia v 12 sy bic xa dong thoi mot
electron vd mét pozitron. Trudng hop nay chi xay ra khi nang luong kich thich Ion hon nang
lugng sinh cap, cd gia tr1 vao ¢ 1,02 MeV.

2.6.5. Phan ra proton va cic dang phan ra it gap khac

Khi d6 du thifa proton ting tén, nang lugng lien két clia "proton cudi ciing” giam di mot
cach ding ké va c6 thé du dodn vé su tdn tai cha cic dong vi ma nang lugng lién két nay gin
bing 0, khi &y su phan rd proton clia hat nhan 1rd thanh ¢6 khd nang vé phuong dién nang tugng.
Tuy nhién, ciing giéng nhu truomg hop phan rd o, proton phai vugt qua hodc xuyén qua hang rao
th¢ va vi thé hat nhan ¢6 kha ning phan ra proton duge coi 1 khong bén vdi mot thdi gian song
nhét dinh.

Hoat do phéng xa proton duoc phdt hién 1dn dau tién ¢ cdc dong vi “"Im (1, = 0,56 %)
va "'Lu (t,, = 90 ms) dugc diéu ché nhd mdy gia téc UNILAC tai Darmstadt (CHLB Bic) nam
1982. Hai nuclit nay phét ra cic proton don ning c6 cdc nang lugng tuong tng bang 1,05 va
1,23 MeV, khi chuyén tir trang thdi co ban cia nuclit me sang trang théi co ban cha nuclit con:

"'Tm — "Er + 'p (2.105)
PlLu - "'Yb + 'p. (2.106)

Nhu vay, ngoai phan rd «, B va chuyén hod v, tir nam 1982 di biét thém dang phan ra
phéng xa tht tur 13 phin rd proton. V¢ sau, nhiéu truong hop phan rii proton khdc duge phat hién
& nhitng nuclit gidu proton nhat, tdc 1a ndm xa nhét vé bén trdi dudng tinh bén 3. Tuy nhién, vi
cdc nuclit giau proton ¢6 khuynh hudng wvu tién phét ra cac pozitron (phan ra 3 '), nén phan rd

proton cing it gap.

Thuong thdy hon 13 su phat proton xdy ra sau phan rd B * theo co ché hai giai doan :
Phan rd B* dua d&n mot trang thdi kich thich ciia nuclit con, va & trang thdi nay proton dé vuot

qua hang rdo thé dé thuc hién phan ri proton. Qud trinh hai giai doan n2y dugc goi la sy phdt
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proton tré. Hién tuong nay quan sat duge 0 mot vai trudng hop phan rda B cla céc nuclit tir °C
dén *'Ti, ¢6 N = Z -3, véi thoi gian bdn huy tir 1 ms dén 0,5 5. Ngwai ta ciing thiy ca su phat
Xa dong thoi hai proton & mot vai nuclit gidu proton nhu “Ne (1, = 102's). Tur trang thdi déng
phan ciing c6 thé xay ra phan ra proton nhu truomg hop “"'Co (véi xdc sudt ~ 1.5% va Lin &
0,25 %),

Tinh trang cua cic nuclit ndm & bén phai duimg tinh bén (3 (phia gidu notron- xem hinh
2.9) khdc v6i cde nuclit phia bén trdi. Vi nang lugng lién két cta ciic notron du cao hon nhiéu so
v61 nang luong lién két cia cdc proton du, va chi tiéh dén 0 & khoang edch rit xa duomg tinh bén
B, nén cho dén nay chua quan sdt duge sur phat notron truc ti€p tir trang thdi co ban cua nuclit.
Tat ca nuclit giau notron bidu 16 khuynh huéng phan ra B~ dé chuyén thanh nuclit ¢é s6 Z tang
lén.

Ngudi 1a cht quan sdt duge su phdt notron tiép theo phan ra 7, duge goi la su phdt
notron tré, & “'Br vi nhiéu san phim phan hach. Sy phét notron ué ¢é ¢ nghia quan trong trong
van hanh lo phan tmyg hat nhan.

Qud trinh hat nhan phdt xa e nhién cde hat nang hon hat o goi la tinh phéng xa chim.
Nhi¢u 1inh todn 1y thuyet duge cong bo tir khoang 1980 lai diy cho thay rang,su phan manh cia
cac hat nhan co nguyén tirs6 Z > 40 v6i sy phit xa cdc manh hat nhan (chim nucleon) ching
han, cdc hat nhan “7Li, "Be, '"™C, "'"N, "F va **Ne 1 ¢6 khd nang vé phuong di¢n nang

lugng, nhung vai thoi gian ban huy vio khoang 107 - 10” nam.

Vao nam 1984, Rose va Jones da phdt hién ring, khi *’Ra phan 13 o ¢6 su phan nhdnh

phét ra hat nhan "'C vi nuelit con *”Pb véi 1y s8 8¢ do hai nhdnh la:
M = (8524107
trong d6 X, la hang s6 t¢ do phan rd chim nucleon (& day {3 hat nhan Q).

‘Fir A6 dén nay, hon 14 trudmg hop phdt xa chilm d& duoe phdt hién v6i cic ty 0 A fA,
nam trong khoang 10" dén 10™*, Cac chiim nucleon phdt ra ¢6 nguyén LU s6 thuong Ia chan nim
trong khodng tr Z = 6 dén Z = 14 (cdc déng vi cha C, O, F, Ne, Mg, Si) cling véi cdc nuclit
con gdn vdi nuclit ¢6 56 ky di¢u **Pb,

Mot hat nhan bén c6 thé trés thanh khong bén khi 16p vo clectron clia né bi tude bd, Khi
ay cdc qu¥ dao bo tréng trong I6p vo electron cha nguyen tir cin duge dién ddy, vi notron trong
hat nhan chuyén hod thanh proton dé phit ra electron cung cip cho I6p vo bi bo tréng, hinh
thinh mot dang dac biét ciia bi¢n déi B, Trong nhimg diéu ki¢n cuc ky dac biét, chang han

nhiing diéu kién trén cdc vi sao, con ¢6 thé dién ra nhitng bicn déi khdc nita.
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2.6.6. Tu phin bach

T phan hach (ky hiéu 12 sf-spontaneous fission) dugc Flerov va Petrzhak phit hién o
Dubna nam 1940, tie 13 hai ndm sau khi Hahn va Strassmann tim ra sy phan hach nh& notron ¢
Berlin. Tu phan hach I3 mot dang khdc clia phan ra phéng xa, chi xdy ra ¢ céc nuclit ¢ $& khoi
(A) 160, DG véi 2*U ty s6 gilta cde xdc sust ty phan hach va phan r3 a viio Khodng 1/10°, Nhung
xdc sudl 1 phan hach tang rat nhanh khi tang s& thit tr va s6 notron trong hat nhan. G ¥Fm xéc

sudt tr phan hach da chiém 51 929% 1ong xdc sudt phan ra.
Tu phan hach ¢6 thé biéu dién bang phuong trinh:
AL SN MYNZ-ZY v+ AE (2.107)
(1) (2)
trong d6 v 11 s6 notron v AE 13 nang lugng duge giai phdng trong qud trinh phan hach.

Csc hat nhan (1) va {2) sinh ra khi phan hach nhin chung cé s6 khoi va so thu ty khic
nhau. Khi phan hach mét s6 notron (v = 2 dén 4) thodt ra ngay 1dp tie (notron tiic thai), mot 58

khdc duge phdt ra sau tir cdc san pham phén hach con goi la cdc notron tré.

Ning lugng AE trong phuang trinh (2.107) ¢6 thé tinh duge tir khoi lugng nuclit me va
ciie san phdm phan hach, dya vio phuong trinh Einstein. Ngudi ta thay rang vdi nuclit me ¢6 50
khéi A = 200, AE vao khoing 200 MeV. Sy so sanh khéi luong cic nucht vé t6ng khaoi lugng
cic nucleon cho thiy rang AE > 0 khi 36 khdi A > 100. Diéu d6 ¢6 nghia la tit ca cde nuclit ¢o
s& thit (v tir 46 (Pd) uds 1én déu 1a khong bén xét vé phuong dién tu phan hach. Trong thyc t€ cdc
nuclit 6 khong tu phan hach 1a do can tr& déng hoc.

Ciing giong nhu & phin rdl o, sy tr phan hach xay ra nh& hiéu ing dudng ham. Céc giai
doan ciia qué trinh ty phan kach (duge minh hea trén hinh 2.11) bao gém cdc gial doan sau:

(1) Céc hat nhan dao dong gilfa cdc dang gdn v6i hinh cdu va dang clip. Trong sy bi¢n
dang ti€p theo, gin phia tam cla elip tht lai 1am cho hat nhan c6 hinh qua ta, ma it nhat mot ddu

¢6 56 proton vh sd notron 1a cdc s0 ky digu.

(2) Hat nhan tich ra thanh hai phan. N&u sur téch doi xay ra tai diém A (1rén hinh 2.11),
hai phén, ¢6 khéi lugng gdn bing nhau nhung khdc nhau vé mifc nang lugng kich thich, duogc
hinh thanh, su phan hach goi 12 d6i xdng. Thudng thi sif tach doi xay ra ¢ diém B, khi ay hai
phén. ¢6 khéi lugng khdc nhau nhung giéng nhau vé mic nang lugng kich thich, duge hinh
thanh, sur phan hach goi 1a bt d&i ximg. Su tich doi xdy ra & diém C din dén sy tao thanh hai
phan khdc nhau nhiéu, ca vé khoi lugng lan mifc ning luong kich thich. Luic day Coulomb by
gity dd tr& thanh manh hon nhiéu so véi cdc luc hat nhan (chi ¢6 tic dung & khoang cich ngin),

s& ddy cdc manh ra xa v cdc san phim phan hach nhan duge mét dong nang Ién.
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Hinh 2.11. S0 d6 cic giai doan cha wr phan hach,

(3) Cédc san pham phan hach & trang thdi kich thich phdt xa notron (notron tie thdi) v
photon (photon tifc thai), déi khi ci cic hat mang cién. Khi dén giai doan nay, qud wrinh da dién
ra khoang 10"'%.

(4) Cédc san pham phan hach ti&€p tuc bien déi qua mot vai chuyén hod B~ va phdt xa cde
photon y dé chuyén thanh sin phdm bén. Trong trudng hep ning luong kich thich cao, ¢6 the xay
ra sy phdt xa notron ti€p theo (notron tré).
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CHUONG 3

TRAO POI DONG VI

3.1. KHAI NIEM

3.1.1. Dinh nghia trao doi dong vi

Trao doi ddéng vi 1a sy phan bé lai nguyén ur cic déng vi cua mot nguyén t6 da cho trong
mat phin tir, gifta cdc phan tir hodc gifta ¢dc pha khic nhau, nhumg khong dian dén nhitng thay

doi khdc vé thanh phin phan tie dinh tinh va dinh lugng cua hé.

3.1.2. Traov d6i dong vi dong thé

‘Trao doi dong vi dong thé 1a su trao déi ddng vi dién ra trong mot pha duy nhat.

Truoc déi dong vi déng thé xdy ra thong qua cdc qud trinh phan ly, két hgp, trao doi
clectron hodc cde qud trinh hod - 1y thudn nghich khac.

Vi dy vé trao d8i déng vi dong thé I st trao déi ion todua giita alkyliodua va kaliiodua
dién ra trong dung dich rugu:

RJE?I+KH]I ? RI.‘E[+KIETI.

3.1.3. Trao doi dong vi di thé

Trao déi déng vi di thé 14 su trao doi déng vi dién ta trong hé nhiéu pha, 0 d6 ¢6 su di
chuyén cdc déng vi xuyén qua ranh gidi giita cic pha.

Trao doi dong vi di thé ciing dién ra theo cic co ch€ tuong wr nhi trae do1 dong vi dong
thé.

Trao d6i déng vi di thé con duoc chia thanh hai truong hop: trao déi ddng vi gilta cic
pha truc tiép tiép xiic véi nhau va trao déi déng vi théng qua mot pha trung gian.

Vi du vé trao déi déng vi di thé 13 sy trao déi giita bac kim loai va cdc ion cla nd trong

dung dich:

IIIF‘Ag++ iil?_ll]‘i‘qg(rén) ; ][!?.liNAg-r + ““Ag(l’i_in)

3.2. CO CHE CUA TRAO DOI BPONG VI

3.2.1. Trao déi dong vi qua cac qua trinh phan ly

Néu hai hop chit hodc hai pha ciia mdt hgp chit bi dién ly heac nhiét phan tao thanh cac
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tiéu phan cbng loai (ion, phan 1, pée hode nguyén i chiia cic dong vi khidc nhau clia ciing mét
nguyen to thi phan tmg trao doi dong vi s& xdy ra giffa cic hop chit hoae cie pha dd cho. Khi dy

qud trinh trao doi déng vi c6 thé biéu dién bdi phuang trinh (Gng quat:
X+BX* = A+X+B+XNF = ANXN*+ DX
Trong cdc phuong trinh phdn ting, déng vi phéng xa s& duge dinh diu bing ky hieu *.

Vi du vé trao doi dong vi déng thé theo co ché dien ly trong dung dich 1a phin (g giidta

halogenua kim loai va phitc chat chia phdi 1 halogen:
IG[PBrgl + KBrd = 2K + [PIBr] + Br + K' + Br¥ = K.|PiBr, B ]+ KBr
Phan tmg giita SO, v S O, dién ra qua giat doan nhiét phan SO
SO+ S50, = 8O, +(1/2)0,+ 50, = 50,+ S50,
3.2.2. Trao doi dong vi qua cic giai doan két hop
Su ao dor déng vi 6 thé xdy ra khi hai hop chat chiu cic dong vi coa cling mot
nguyeén 6 két hop véi nhau 1ae thanh mot phiic trung gian:
AX +BX == ABXX == AX"+BX.
Vidu vEcoché nay 1a phin tng trao d6i gitia nhom bromua vi alkyl bromua:
AIBGBr + RBr &= RALBr.Brs == AlBr, + RBr .
3.2.3. Trao doi dong vi qua cic qua trinh hoa iy thuin nghich khic
Sur trao doi déng vi ¢6 thé xdy ra trong moi qud trinh hod 1§ thuan nghich ¢6 su tham Bl
cla cde phan o chia cde dong vi khie nhau cha cling nguyén 6, cliang han su chuyén vi néi
phin 1, trao doi dong vi thuy ngan giita pha hoi va pha long. trao doi dong vi cacbon gifta
benzen ¢ thé hoi viv the long. Trong mét s6 trudng hop. su trao doi ddng vi doi hoi su tham gia

cua mot hop chat trung gian. Chang han sy trao déi déng vi bromua giita hai alkyl bromua
khong dién ra trye 1i¢p ma thong qua chit trung gian i nhom bromuu:
RBr + AlBr, = RAIBrBr, == RDBr+ AlBrBr
RyBr+ AlBrnBr = R AIBIBr, == RBr + AlBr.,
R,. R, 1 cic gde alkyl.
3.2.4. Trao doi dong vi nhd cic phan img trae déi clectron
Phan 1ing trao déi electron giffa cdc ion hod i khdc nhau chia cic déng vi cla ciing

nguyen té ¢ hicu quit phan b lai dong vi trong cic hop chilt gicng nhu mét phin dog trao ddi
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dong vi:
FeCl, + Fe' Gty == Fe Cly + FeCl..
Thure ra & diy chi xay ra qud tfinh trao d6i electron:

Fe® + F¢'"' == Fe'™™ + Fe™.

33 TRAO POl DONG VI TRONG CAC LOAI HOP CHAT KHAC NHAU
3.3.1. Trao doi dong vi trong cic hop chat lién két jon hai nguyén to

Nhimg hop chit loai nay dé dang trao déi cac nguyen tir déng vi khi nhiét phan, dign ly
do hoa tan tong dung dich hay néng chdy.
3.3.2. Trao déi dong vi trong cic oxiaxit va cie mudi cua chung

Cic hop chat loai nily dé ding trac doi ion hydro hoilc jon Kim loai lién k&t vdi goc axit.
Neuyén tir oxi trong goc axit ciing ¢6 thé duoc trao doi. ( nhimg hop chat khdc nhau tde 40 trao

doi cie nguyen t ndi trén cling khde nhau. Cic nguyen wr & kim dong vat tro trung tam trong

goc axit kho bi trao doi.
3.3.3. Trao déi dong vi trong cic pliie chat
Céc ion ¢ cdu ngoai dé bi trao d6i. Cdc phoi 1 & cdu ndi bi trao doi vGi e do cham va

phu thude vio hing s6 khong bén ciia phie chat. Cac ion trung tam vé nguyén tic khong bi trao

doi. Tuy nhién, khi d¢ ben phtte thap cling ¢ thé xdy ra sif irao doi ¢it ion trung 1am.

3.3.4. Trao doi dong vi trong cic bazo

Cic bazo ¢6 thé trao déi ¢4 ion kim loai, nhém hydroxy! va nguyén tir hydro.

3.3.5. Trao doi déng vi trong cac hop chit hiru co

Cic nguyen tr halogen trong cde diin xvat halogen cta hop chat hitu co ¢é thé truo doi
duoe véi cic nguyen 17 halogen ty do hodc voi vai 1on halogenua trong dung dich. Trong cic
diéu kién thong thudng, cdc nguyen tir oxi, nitg, luu huynh lién két véi cacbon khong tham gia
phan ting trao doi dong vi. Tuy nhi¢n cdc nguyeén tr oxi trong nhom hydroxyl ctia rugu 1at trao
déi duoc. O cée nhiét do cao, cdc lien két C-S hodc S-8 b y&u di, khi dy cic nguyén tr e

huynh ¢6 thé tham gia trao doi dong vi.

Cic nguyén tir hydro nim trong cdc nhém NH. SH, OH... ¢ Iné bi trao doi, khi hop chat

dura vio phan tng trac doi ¢ mét cap electron ty do:
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H+:Cl:H 11 :Cl:+ H'

R R

H +:0:H -1 O+ H-
R R

"4 N Ho IV N+ 1”
R R

Ngudhi ta cho rang cde phin g trao déi rén ¢6 thé dién ra qua vi¢e hinh thanh céde phic
trung gian hoat dong theo so dé sau:
X+ HY 5> Xo o 10X+ 1Y
H...Y
Trong méi trudng axit manh hodc kiém manh. hydro vong lien két C-H ciing ¢6 thé
than gia trao doi dong vi, mac dit & day khong 6 cap electron ty dos
RII+OH = R +I1OII == RN + OH (mai rudng kiém)
RI+1I" = RHI" = RH +H' (mai trudng axit).

Su trao doi hydro trong lien két C-H vi the phu thude vio do bazo hoide axil cla moi
trutmg. ngoal ra con phy thuge vao do dai much cacbon ciing nhie vao cic tuong tic o-1 ¢6 tic
dung lam yéu fien két C-H.

Cice nguyén wr C trong licn két C-C chi bi trao doi khi xiy ra cdic phan tng hod hoc
thudn nghich ¢6 kem theo sy thay doi ciu tric phan wr.
3.4. NHIET BONG HOC CUA PHAN UNG TRAO DOl DONG Vi
3.4.1. Hang s6 can bing trao déi dong vi

Ciing giong nhur moi qud trinh hod hoe khic, dai lugng nhict dong guan trong nhit cla
phan tng trao doi dong vi la hing $6 can bing,

Xét mot phan g trao doi déng vi dién theo phucng trinh sau;

AX +BX = AX +BX". (3.1

Khi néng dé cdc chat tham gia phin (ng di nho dé ¢6 1hé thay hogt do cde chdt trong he
bang noéng dg, bidu (hite cta hing 56 can bang cia phin ng (3.1) ¢6 dang:
* - *
O IAX][BX ]
K=——Fr — (3.2}
[AX ][B3X]

trong d6 [AXTva [BX] [a nong do ciic hop chit twong (g 1ai cin bing hod hoc.
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Trong rubng hop Wng quit phan tng trao doi dong vi ¢6 the bicu dicn bing phirong
trinh:

mAX, + nBX, = mAX, +#BX, . (3.3)

m

Bidu thite cua hing $6 can bing, & cdc ndng do di loling clia cde ciu L, ¢6 the viet:

*
K = AX I IBX T (3.4)

[AXR 7 1BX 1"
He s6 trao dai e duge dinh nghia 1ty so:

[BX) ] [AX]]
o=—- o T (
BX,. ] [AX,]

Tt
h
—

T (3.4 v (3.5) it ra ring, rong trudng hop chung K # a. Nhung khim=n =1, tie la
trong, traong hop phan tng (3.1), thi K v o bang nhau. Trong k¥ thudl trao doi ddng vi, hé 5o
trao doi o thutmy duoc sir dung d€ tinh todn sd bac phin chia déng vi cin thue hién,

3.4.2. Gid tri ciia hiang sé can bing trao ddi dong vi va anh hudng cua nhiét do len hang so
can biing trao doi dong vi

3.4.2.1. Khi hi¢u ing dong vi co thé bo qua

Trong gido trinh Héa 1y ching ta di bist ring. wong diu kien ap sudt khong doi, sy
phu thude cta hing s& can bing clia phin tng K vio nhigt do 7 duge bi¢u didu bdi phuong trinh
Van't Hoff:

(CinK/oT), = @/ RI* (3.0)

trong dé @, 1a hi¢u tmg nhiét cia phan tng, R Ia hing s6 khi.

Gid 1r1 @, 0 nhi¢t do bat ky dugce tinh bang phuung trinh Kirchof:

t

Op =Up - J(Z(‘l - e I (3.7
0

voi @,” 1a hiéu tmg nhiét dang &p cua phan tng & do khéng tuyét doi, Sey va Ze, Jin luot Ta téng

nhiét dung phin wr gam ol cic chat diu va cde chit cudi.

Nhin chung tinh chit hod hoc cia cic dong vi cua cling mot nguyen 10 13 tuong (ur nhu
nhau. ngay ci cic diac trung hod 1y lién quan v6i phin 1 lugng thudng ciing thay doi khéng
nhi¢u khi thay thd mot déng vi phéng xa viio mot phan tu, vi sy thay thé nhu viy thudng ciing
khong Jam cho phan 1 luong thay ddi ddng ké. Vi the, trong nhiéu phin ing trao déi déng vi ¢é

the¢ chip nhan bién thién nhiét dung ding p cha phan ting trao déi déng vi 1a bing O va thu dugc



s gdn dung:
_ M0 ;
Q[l_Qp . (3'8}
Hi¢u wng nhi¢t cua phan img & do khong tuyét d6i bang bien thién nang luong diém
khong. lién quan véi sur thay dGi tdn 56 dao déng khong khi trao doi dong vi. Khi chip nhan rang
e phan tr trude va sau trao doi dong vi cé 1in $6 dao dong khong khong thay doi. ta ¢6 s gin

diing:
0.=0,"=0 (3.9)
Ruit ra:
(CInK/cTy, =0 (3.1
nghia ta hang s6 can bing cla phan (ng trao déi dong vi khong thay doi theo nhigt do,

V1 hi¢u tmg nhiét ctia phan img thuan nghich bing hicu gilta nang lugng hoat dong hod

cua phin tmg thuan (£,) va phan ¢ng nghich (£,), tir diéu kien Q,=0rura

Ql,:EI“EE:O h(ly EI:I—“‘E (31[}
Khi tinh dén mai quan hé giita ning lugng hoat dong hod va cic hiing s6 toc d6 ¢l cic
phan tng thuin va nghich:
ky=PL e ik, = P, Y (3.12)
va chdp nhan cic thira s6 trude ham mii 14 bing nhau, ta ¢6:
o=k, (3.13)
va
K=kik, =1. (3.14)
Nhur di n6i o trén, doi véi cac phan tng bidu dién bing phuong trinh (3.1), & d6 X4y ra
st trao d6i chi mol nguyen (. thi he s6 trao ddi « bang vai hing s can bang, ta ¢4 (hém:
a=K=1. {3.15)
Tom lai, khi bo qua higu tmg dong vi, hang s6 can bine K ¢6 aid trr biang domn vi, va
B ] = E‘ B [ ad = fad d =] ) :
khong thay doi theo nhict do. Tir bing 3.1 ¢6 thé thdy ring hing s6 cin bang caa nhidu phin ing
trao doi ddng vi ¢6 gid tri khd gdn véi 1.
3.4.2.2. Higu iing dbng vi va dnh hueong cida né lén hing sé can bing ctia phan wne trao doi
A g b g & p [+]
dong vi
Cac gid thict trinh bay ¢ wen chi 13 gan dang. Cic dong vi ¢d nguyén (r luong khic

nhat, ¢6 tinh chat hod hoc tong tr nhau nhung khong hoan woan gidng nhau.
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Nhitng sie khde ndvae trong tinke chat ciia cde déng vi el lién quan déin sir khde nhaa vé

nguyén b fugng dioe goi 1o hiéu g dang vi.

D¢ dang suy ra ring, khi di tir déng vi nay sang déng vi khic ma su thay doi nguyen
lwong 1a ding k¢ ducge so v6i bin than nguyeén tir luong, thi hicu tng déng vi s& ud nén kha

quan trong. Mot vi du dien hinh 13 phan tng trac déi déng vi:
HDi(k) + H,O() = Hak) + 1IDO(). (3.16)
Hang 6 can bang cta phin tng ndy & 80°C gan bang 3, nghia 14 khic xa so véi 1.
Nhimg phan ting nhu viy ¢6 tam quan wong to 1on trong k¥ thuat phan chia déng vi.

Vice xie dinh bang thue nghiém hiing s6 can bang ctia phan ting trao déi déag vi thuong
kho Khan va cong phu, nhung chiing ¢6 thé tinh duse bing nhiét dong hoc thang ke, Chi 1ist vé
tinh todn 1y thuy€l hang 56 can bang ¢6 thé tim thiy vong cic gido tinh Nhi¢t dong hoe hoac

Nhiét dong hoc théng k&, ¢ diay ching i chi nhic lai mot cich so luge ™.

T tro i voi phan dng trao doi déng vi (3.1). Trong Nhict dong hoc thong ké, hiang so

can bang ¢d the duge tinh qua tong trang thdi nhé bidu thic:

- QAX)HBX) .
QIAYLO(BY )

trong d6 QUAX"). QUBX), QIAX), Q(BX") lan kot 1a (0ng trung thdi clie AN , BN, AX, BX v
duge tinh nhu sau:

Q=g ™M =0.0,0.,0.0, (3.18)

gl trong lugng thong ke cha trang thdi ¢d muc nang luong £, 16 cho hidt s6 cic kha
nang 16 hop cie 86 luong tr tng véi mot miic nang luong £, dacho:

oM T thira s6 Boltzmann véi &y, 1 hitng s6 Boltzmana:
Q) 1 1ong trang thii tng véi chuyén dong tinh Gién ctia phin (6
@, la 1ong trang (thii tng v6i chuyén dong quay cla phan tu;
Qi1 1ong trang thii dng véi chuyén dong dao dong clia cic nguyen ur trong pham
(., 1a 10ng trang thii Gng véi cic trany thid clectron eua phin tr
0..13 10ong trang thii (ing v&i cdc trang (hdi spin cou cic nguyén Wi trong phan tir.

Gid 1 cua cde 10ng trang thii ¢o thé tim duoe tir cde dir kicn quang phé, cling thutng

duge cho san, nhat 13 déi véi cde phan o ¢ phan wr lugng khong 16n.
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Khi hai phan tir chi khic nhau & chd chira cdc déng vi khdc nhau cua cling nguyén (4,
16ng trang thdi cla ching chita cdc thia 36 Q.. O, . (., giong nhau, chi khic nhau & 16ng quay
Q, vi 16ng dao dong Q. Vi thé ty s6 gilta 16ng trang thai cla cdc phan i cé dong vi phdng xa
(Q")va khong phéng xa (Q) sé ¢6 dang khd don gidn déi v6i phin ur 2 nguyeén tr. ‘Trong truing
hop cdc phan tir chita nhiéu nguyén wr sép xép khong thang hing, ching han phan tir chida »
ngliyén U1, s6 bac ur do duo dong la 3i - 6, phuong trinh tinh ty s6 Q/Q trd nén khd phitc tap.
Thém vao do, cdc gid tri momen qudn tinh /,,/,,7, va cic dit kién quang pho clu cac phfm ur
nhiéu nguyén tu thuong it ¢6 trong cdc tai lieu. Tuy nhién su thay the dua vao quy tic Teller v
Redlich cling v61 mot s6 thu thudt tinh toin ciing cho phép dua ra mot phuong trinh khong qud
phirc tap ding cho tinh 1odn ty 6 Q' /Q va tir d6 tinh diuge hing 56 cin bang trao doi ddng vi.
Bang 3.1 trinh bay cic két qua tinh toin hang $6 cin bang clia moL s& phan tng trao ddi déng vi

cling véi mot 58 s¢ lign thue nghiém. €6 thé thiy rang cdc tinh 1odn 12 rit phit hop véi thuc

nghiém.
Biing 3.1. Hang 56 cin bang & 25'C cla mot 6 phin ting trao d6i déng vi.
Phan ting ) ) " Hin g 36 cin bang

'‘H.+ 'H.= 2'HH ' 328

| 'H'H + 'H.O0 == 2'H'HO + 'H, ' 0,26
H-+"HCI = '+ 'HH 1.45
20O ag) + CO,khi) == VCOaq) + CO,(khi) 1017
“NH, (khi) +"NH," (aq) = "NH, (khi} +"NI," {aq) 1.034
Y80, (khi) +H* SO, (aq) == “S0,(khi) + H'* SO, (aq) 1.034
. N “
2 UCL+HTCL == U0 + HC
= - . 1.003
%?”Brg +H"Br == %’“Br2 + H"Br 1.0004

Tir bang 3,1 dé thay rang, trir nhimg phan (ing ¢6 sy trao déi cic déng vi ciia hydro, hiu
hét cde phan ting trao doi ddng vi khdc ¢6 hang s6 can biing rat gan véi 1. Vi thé, rrong cdc
nghién citu hod hoc thong tucong, hdng s6' cdn bang trao doi dong vi thicng dicoe chdp nhein

bang 1, khi khong 6 si trao do¥ cde déng vi cia hydro.
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3.5. PONG HOC CUA PHAN UNG TRAO HO! BPONG VI BPONG THE
3.5.1. Déong hoc cua phan img trao doi dong vi dong thé
3.5.1.1. Phdn ting trao doi mot nguyén tir déng vi
Néu phin tng trac doi dong vi (3.1) dién ra trong hé dong thé, Gc do tich luF hop chat
BX" duge ma i bang phuong trinh dong hoc:
d[BX'1/dt = &, JAX|IBX] - &, [AX]IBX | (3.19%)
trong do &, 12 hang s6 t6¢ do clia phan itng thuan (tao thanh BX'), &, la hing s6 t16¢ do cla phan
ttng nghich (Iim mat BX').
Vit6ng ndng do cic hop chat chita A v B rong hé ¥ khong thay doi, ta dat:
[AX]+[AX ] =a (3.20
[BX]+[BX] =& (3.21)
Va d¢ tién trinh biy ta dat mot bién s¢ phu duge dinh nghla nhu sau:
[AXVa =S, hay .5, = [AX] (3.22)
[BX'/b = S, hay .S, = [BX] | (3.23)

Chap nhan hiing s6 can bing trao ddi ddng vi bing |, tie 1a:

¢o thé viet lai (3.19) & dang:

djx” :k.ab{(['AX"ﬂBX}—{AX][BX‘11!? (3.25)
dr | a.b
Vi a, b khong thay déi trong sudt qud trinh phan g, ¢o the dat;
Kab=tk (3.26)
vit xem k nhur hing 56 t6¢ dé bicu ki€n cla phin (mg.
Tir (3.22y va £3.23) rit ra:
b= [AX][BX') 5.5, (3.27)

Thay (3.27) vio (3.25) 1a ¢6:

b.dS ax” - 1]
=B —“;\Sls{[qx IBX]-[AXIIBX ) =A(SA - Sh)

[AX][BX")

hay:
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trong do cic ky hiéu 0 vi oo chi thoi diém khdi diu va dat dén can bing cla phan (tng.

Suy Ta:

hay:

VO

Néu khi bat dau phan tng. X' ¢hi ¢é mat wong AX'. ta ¢6 phuong trinh:

a.Sq=bS, + @S, = f).SH,_. +uS,.

]

k

Tir (3.29) dé dang rit ra:

=—{S, -8
b( A= Si)

S,.\ = S_.\'r_ + b(S“,_ - S“);"IIH,

Vi hang 56 can bing cla phin tng trao déi déng vi bang | nén:

[BX ./ [BX}. = [AX L/AAX],

[BX,/a =[AX]./u

S_\-.r. = S|grm = (U‘((f + b}

Thay (3.32) vao (3.30) r6i dua bicu thie thu duoe vao (3.28) ta co;

Phan ly bién s6 phuong trinh (3.33) ta dugc phuong (rinh vi phan:

_d(Sp, - Sp)_klu+b)

Su tich phan phuong trinh (3.34) v8i diéu kién dauv S, = O khi s =0 cho ta:

_dSB _ ﬁ’u + f))

ds

(-‘.j)

Spv — 93

&of.

ki= A In(1 - F)

u+h

F=8/8. .

F duoc goi la miuc trao doi.

68

Tir {3.33) ratra:

b

(S = Si)

dr

(3.29)

(3.29)

(3.30)

(3.31)

(3.32}

(3.33)

(3.34)

(3.36)

(3.37)



Vil

at+h,
o ( -k
SB: BLI_E ab (3 3% (3 18
o+
Con doi vat S, ta co bidu thic:

4 at+h,

b { - Lt |
Sy =1~ — 'Ll —¢ @b (3.39)

o+

Phuong trind (3.35) mé td s phu thuoe tvén tindt cia lig 1 - 1) vao thoi gicn tvoi hé 56
goc ceng lon khi tong a + b cang lon,

Nhin viio cic phuong trinh (3.35), (3.38} vi (3.39) dé nhin thily riang, cie quy luit dong
hoc ciia trao déi dong vi biéu dién bdi phuong trinh phian tmg (3.1) chinh 14 quy luat dong hoc
cita cde phin dng thudn nghich bac 2-2 wong truong hop dac biét hang s6 can bang K = 1. Tuy
nhién & day, thay cho néng do6 cdc chat phan tng, ngudi ta st dung mot dai fuong dac biét khong
¢ thit nguyen 1 mifc trao doi, ma vé thye chdt 1a ty s6 gitia phin mol chat cin ddnh ddv dd duge
trao déi o thai diém 1 véi phin mol ¢6 thé duge trao do1 khi dat dén can bang.

3.5.1.2. Phdn itng trao doi nhiéu nguyén ti dong vi

Khi ¢é nhiéu nguyén t trong cdc phan (it ¢d the bi trao doi, phan ting rao doi dong vi
duoce bicu dién bdi phirong trinh:

AN, + uBX,, = mAX, +nbXx

v
‘Foc do cua phan (g thuan w, vit ctia phan Gog nghich iy lién he voi nong do cac chat

phin tng bén cidc phuong trinh:
Wy = A )" Crn)” (3.4
ey = KO 1) e (3.41}
trong do @ 1 1 bac phan ing theo AX, vit AX,;
i 12 bic phan dng theo AX, v AX,:
s+ n L bic todn phin clia phan tng;
C ky hiéu néng do cia cidc chal tham gia va tao thanh sau phan ng.

Viée xdc dinh bac cla phin img dude 116n hinh biing ¢ic phuong phdp thong thudng cua
dong hod hoc. Nguoi 1a xdc dinh bic phan tmg theo timg chir phin g, bing cich ding luong
i dur cia chit kia, sao cho ndéng d6 clia chat nay thuc 1€ khong thay doi trong qud trinh phdn
(mg.
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Chang han khi chon C>> Cigs, va 1y logarit hal v ta ¢d;
fgw = lgk" + mlg Cyr, (3.42)
\'ré‘i ‘(-‘ = ‘f(*((‘ISXm)”‘

Biang thye nghiém cé thé xay dung duemg thing lgw = filg €., ), hé s6 g0c cla dutng
thang nay cho biét gid tri m, e la bac phan tmg theo AX,, . Mot cich twong tu ¢6 thé tim durge
1.

Cidc phuong phdp xidc dinh bic phin ng khdc nhr phuong phip toc do diu, phuong
phdp thai gian trao doi mat nifa (1,,,), déu c6 thé sir dung dé xiic dinh bac phan ting.

Dicu can huu ¥ khi xdc dinh bac phin ing trao doi dong vi bing thue nghiém A cdc qua
(rinh trao doi déng vi la thuan nghich, vi thé cic sin phim cia phin (ng cdn duoge tich ra khéi
mot trudng dé ngan cdn phdn ting nghijch.

3.5.1.3. Nang lwong hoat dong hod ciia phdn itng trao doi dong vi

Ciing g10ng nhur trong dong hoid hoc cla cdc phan tng hod hoc khde, nang hiong hoat
dong hod cha phan ding trao doi déng vi lién hé véi hang s6 16¢ do clia phan (g boi phuong
trinh Arrhenius:

k= p ettt (3.43).

& d6 £ 1a mot hing s6 khong phu thuoe vio nhiet do.

L&y logarit 2 v& (3.43) ta thy duge sy phy thuge tuyén tinh ctia Ink vio 171
E |
InAk=Inp-—=. - (3.44)
R T
Xay dung bang thyc nghiém dudgng thang Ink = {(1/T), hé & g6c ctia duding thang nay
chinh 1a E/R.

3.6. DONG HOC CUA PHAN UNG TRAO BOI DONG VI DI THE

Khi cic chat tham gia phin ting trao d6i déng vi nam & hai pha khic nhau, su trao doi
dong vi bao gdm cdc giai doan khuéch tin cic chat trong hai pha vi giai doan trao déi dong vi
tai ranh gidi phan chia, Giai doan ¢6 8¢ d% nho nhdt s& quyét dinh cdc dac rimg dong hoce cia

toan bé qud trinh.

Khi giai doan 1rao d6i déng vi ¢6 18¢ do nhd so vai 160 do ciz giai doan khuéceh tin,
phin dng tuan theo cdc quy luat dong hoc cua phan ting trao déi dong vi dong thé. Tuy nhién, vi
céc chdt tham gia trao di nAm & cdc pha khdc nhau nén bicu thic tinh an sur thay doi néng do
theo thoi gian khdc it nhiéu véi cic qua trinh déng thé. Trong phan FHo# phong xa tng dung

nhimg van dé ndy s& duge dé cap mot cich ky ludng.
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CHUONG 4
PHAN BO VI LUONG PONG VI PHONG XA GIUA HAI PHA

4.1. MOT SO KHAI NIEM
4.1.1. Cong ket

Qud trink kéo theo mot vi edu tr i dung dich vao pha rdn khi két tia laony low mot cdit
1y khace (chat mang) goi ditoe Lo s cong két.

Khi cong két, néng do vi cdu tir rong dung dich nhd hon dd tan cia né ¢ cung diéu kién
moi trudng.

Chat mang ¢ chita ion mot déng vi clia vi cu tlr goi 1a chdl mang dong vi.

Trudng hop nguoc lui duoc goi 1 chdl mang khiéng dong vi.
4.1.2. Dong két tinh va hap phu

Ngudi ta chia cong két thanh hai truong hop: déng két tinh va hip phu.

Sur cong két o dé vi cdu e phdn b6 trong toan thé tich cita két tia va tham gia vao su
hirdt thenh mgnig tin 1hé ciia chdt mang dige goi la dong két tinft.

St (‘(}H‘g’.k{;i & dé vi edu nit chi phan bé trén bé mt ciia két mia chdt mang duge gor la
céng ket do hdp plui.
4.1.3. Pong hinh
4.1.3.1. Khdai niém

Nam 1813 Eilhardt Mitscherlich di dua ra khai ni¢m sau day:

Sw dong hinh ta hién nong cde hop chat giong nhau vé pluiong dién hod hoc, chita
nhitng ngrevén 16 twong tw nhu nlai vé tink chdt, két tinh  cing mét dang tinh thé hoge ¢ nhiing
dang tinh thé giong nha, vi thé’ 6 khd nang dong két tinh va tao thanh cde dung dich rdn (tinds

the hon hop) 6 thanh phan thay dor.

Mot vi du vé tinh déng hinh 12 tinh thé cdc mudi cacbonat cia kém, magie, siit 1,
mangan, cadmi va canxi déu cé dang thoi véi cic goc o khac nhau rat it (103"28°, 103217,
103°04°, 102"50°, 102°30°, 101"55°).
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FHién twong déng hinh ¢6 tim quan trong dac biel ddi véi su cong kél cdc vi luong hop
chat phéng xa tir dung dich.

Tuy nhien, vigc du dodn nhimg chat nao déng hinh véi nhau khong phai 1a dé dang, vi
khong phii 14t c& cdc hop chit ¢6 cdu tric tinh thé giong nhav déu tao thanh tinh thé hén hop.
Céc tdc gia khdc nhau dua ra nhimg tiéu chuin khdc nhau vé tinh déng hinh.

Trong cdc cong trinh cia minh, Mitscherlich cho ring d€ tao thanh tinh thé hén hop cin
¢6 khong chi su giéng nhau vé dang tinh thé cla hai chat, ma ca sy giéng nhau vé dang cau triic
phan tir, vé trang théi oxi hoi trong cic don vi cdu thanh phan wr, va uong nhiéy truong hop ca
su gidng nhau vé tinh chit hod hoc clia ciic nguyén t6 tao thinh hop chat. Mitscherlich ciing phét
nien ca hién tugng déng hiedng hink (1sodimorphism), & d6 cdc hop chal giong nhau vé phuong
dién hod hoc, ¢6 cdu tric tinh thé khic nhau nhung cfing tao thanh cde tinh thé hén hap. Chang
han, trén 8,6°C mangan sunfat két tinh & dang tam ti v&i 5 phan tir nudce. dudi 8.6'C & dang don
ta v6i 7 phan tirnude. O dudi 56,6°C, sét sunfat ket tinh trong hé don 1 v6i 7 phan tr nude. O
0"C mangan va sit sunfat hinh thinh mot day lién tuc cdc tinh thé hén hop muéi heptahydrat.
Nhung ngay & 20'C, khi ¢6 du st sunfat trong dung dich sé hinh thanh dung dich rin cic
heptahydrat trong hé don 13, con néu du mangan sunfat lai 14 dung dich rdn ca céc pentahydrat
hé tam ta. Nhu thé, ¢6 thé ton tai hai loai dung dich rin, ma trong trudng hop thit nhat mangan
sunfat s& ket tinh & dang tink thé khong dac trung cho né & di€u kién nhiét d6 da cho, con truding
hop thit hai sat s& di vo tinh thé hé tam ta, ma néu két tinh riéng ré né & & dang don ta,

Cédc nghién citu vé sau cta H. G. Grimm (1924) va V. Goldschmidt {1927) trén co so
phuong phip nhiéu xa Réntgen da dua ra nhiéu ticu chuin be sung cho tinh dong hinh. Cic tic
gia ndy cho ring kha ning tao thanh tinh thé hén hop phu thuge vao mite d6 gidng nhau trong
cdu triic tinh thé cla cdc hop chét, e 1 vio s6 nguyen tr trong phan tir, vao mifc d6 gidng nhau
cua cdc ion tao thinh mang tinh thé (hod trl, bdn kinh ion), vao bin chat va do phan cuc cia céde
fien két.
4.1.3.2. Cdc dang tinh thé’ hon hop

Ngay nay ngudi 14 phan biét 5 dang tinh thé hén hop.

1) Dung déng hinh thay thé. Trong trudng hop nay mot ion trong nit mang tinh thé ciia
mot chiit duge thay the boi mot ion cha mot chit khic, Dé lac thanh dang dong hinh nay kich
thude cia cdc nguyén tir thay thé cho nhau va cic rinh chat phin cyc ca céc jon cin phai gidng
nhau, tinh d61 xtng clia cdc 6 mang phai ddng rhat, chéng han tinh thé hén hop KCI-RbCI. Khi
cdc dieu kien trén duoc thod min ¢6 thé xay ra sit dong ludng hinh.

2) Dang dong hinh khe hé. G day cdc nguyén tir ciia cu tir thtt hai chi€m 18y cdc khe hg
trong mang tinh thé ca cdu 1ir thit nhat. Didu kién hinh thanh déng hinh khe h& 1 kich thuée
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nguyén tit thay thé phai nho hon kich thuée nguyén ur cha mang chi. Mot vi du vé dong hinh
khe hd 1a hién tugng cdc nguyén tir cacbon nim vao cic khe hd trong tinh thé kim loai sat hodc
titan.

3) Péng hinh lam ddy khong gian. Trong trudng hgp thit ba nay, cdc nguyén tir cla ciu
1 thet nhit (mang chi) bi thay thé bdi cic nguyén tir cta cilu tir thir hai va cdc nguyén i cla cau
tir thit hai 1dp diy cdc khodng trong giita cdc nguyén tir trong mang tinh thé cha cdu tir thi nhat.
Vi du dién hinh 1 su tao thanh tinh thé hdn hop ciia Cal, vd YF,. Trong mang tinh thé cla
CaF,, n nguyén 1 Ca tao thanh cum hinh cdu, gita # nguyén tir Ca nay hinh thanh n khong gian
réng hinh bit dién vh 2n khong gian tréng hinh uf dién. Hai nguyén tir flo ctia CaF, chi 1ap day
cilc khoang tréng 1t dién, Khi CaF, tao thanh tinh thé hdn hgp vai YF,, cic nguyén tir ytri véi
dueme kinh 0,974 thay thé cdc nguyén tlr Ca c6 dudmg kinh 1,042 trong mang tinh the CaF,,

con nguyén tir flo thir ba cliia YF, sé chiém khodng trdng bit dién trong mang tinh thé.

4) Dang ddng hinh Grimm. Tinh thé hén hop loai nay tao thanh gitta cdc hop chit khic
nhau mét cdch ding k& nhimg vdn thoa min cac quy tac Grimm - Goldschmidt, vi du dién hinh
la tinh thé hén hop Ba(Sr, Pb)SQ,.K(NH,, Na)MnO,. Sy hinh thanh dang tinh thé hén hop
Grimm vé thuc chat 13 sy xudt hién nhifng cum tinh thé ctia mot chat nay trong tinh thé chal
khéc, véi mitc do hén hgp (ham lugng vi cdu tir trong chat chit) thap, Khi ndng dé vi cdu tir trong
dung dich thip hon mat gidi han nao dé s& khong tao thanh tinh thé hén hop.

5) Tinh thé hén hep di thudng dugce tao thanh giira cdc chat khong thoa min cdc quy téc
Grimm - Goldschmidt vé tinh déng hinh, nhu tinh thé hdn hop clia amoni va sat clorua. radi va
lantan florua v nhiéu trudng hop khdc. Mitc hdn hop cla cdc tinh thé ¢é thé di tir gidi han thip
nhu ¢ déng hinh Grimm dén mife trung binh nhu trudng hop hdp phu treng (Xem muc 5.7).
Nguoi ta ciing thiy ca tinh thé hén hgp di thudng vl mitc hdn hop khong gidi han, ching han su
ddng két tinh MnCl, vd NH,Cl va cho ring d3 xay ra su tao phic 2MnCl, NH,CL2H,0, ma
mang tinh thé clia né gicng vai NH,CL.

4.1.3.3. Dinh ludt Hahn

Khi nghién ciu sy dong két tinh cic vi luong nguyén to phdéng xa tir dung dich, Hahn
dua ra dinh Juat sau:

Mo nguyén 6 phong xa hode mét nguyén (& hod hoce bdt k3 nao tén tai trong dung dich
& dang vét (tire la c6 nong do vi lirong) 6 thé ditge chuyén ti dung dich vao pha ran ciia cde
tind thé ehi trong truong hop né ¢6 thé dong vai tré mot yéu 18 cdu tric trong mang tink thé ciia
cau tir da Iwomg, nic ta cdu wr vi iiong 6 thé két hop vor anion ciia pha ran tao thanh hop chdt

déng hinh véi hop chdt ciia cau nr da lugng.
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4.2. CAC QUY LUAT CUA CONG KET CAC VI LUONG PHONG XA
4.2.1. Tiéu chuan phan biét déng keét tinh véi cong két do hap phu

Khi nghién ctru hien tugng cong keét. Hahn (1926) da phan biet sy cong ket thue (dang
ket tinh) vi cdng két do hdp phu bang cdc ti¢u chuin sau day:

- Trong dong két tinh hé s¢ phan b cila vi cau ti, ure 12 ty s6 néng do cua vi cdu tr
trong pha ran va dung dich 1d hing s6 khong phy thuoe vao ty s0 khéi luong chia cdc cau b trong
pha ran, trong khi hé s6 phan bd trong cong két do hdp phu thay doi;

- Can bang giira dung dich va k&t tia duge xdic lap nhanh chéng trong cong két do hap
phu, con trong déng két tinh thi cham hon;

- Cong keét do hap phu chiu dnh huéng cia dién tich bé mat két tha con déng két tinh thi
khoéng.

Nhifng tiéu chuan clia Hahn 12 rat hitu ich nhung cling khong {udn cho phép phan biat
dugc cong két do hap phu va dong keét tinh.

4.2.2. Dinh luit Khlopin

Nam 1924 Khlopin da dva ra dinh luat vé phan bo cau tir vi luong gitta dung dich va pha
ran khi xay ra déng két tinh, ma vé thyc chit ciing 13 noi dung ciia cic tiéu chudn phin biét déng
két tinh v&i cong két hdp phy md Hahn da dng ket:

Khi hai chat la déng hinh hode déng hidng hinh va nong dé ciia mor trong hai chét dé
trong dung dich la nhd, & nhi¢t dé va dp sudt nhat dinh, sy phdn bé' cdu tir vi liong giita pha rdn
va dung dicl la khéng dot, klong phwe thuge vao 1516 khei luong cia hai pha.

Trén co sa cac kel qua thuc nghiém, Khlopin da dua ra phuong trinh mo ta dinh {uat
tren:

X-pPr (xo — ¥)paq
= Ky 8
m; Mad

4.13

trong do
x - khéi Jugng cdu tr vi lugng trong tinh thé;
x, - khoi lugng t6ng cong cha cau 1ir vi lugng trong he;
m, - khéi luong pha tinh thé:
n, - khot lugng dung dich;
p, - khoi lugng riéng pha tinh 1hé,
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pu - khoi luong néng dung dich;
Ky, - hing s& Khlopin.

Phirong trinh (4.1) cho phép tinh dugc khéi lugng vi céu tl di vao pha rin khi biét hing

s0 Khlopin vi cdc tham so khdc.

4.2.3. Phuong trinh Henderson-Kracek

L. M. ilenderson va F. C, Kracek dua ra min phuong trinh thuan tién hon cho tinh todn

lugng vi cdu tir cong ket vao pha tinh thé:

X_pFe-X 42)
¥ Yo— ¥

trong dé:
X vd ., - khéi luong cla cdu tir vi lugng trong tinh thé va trong h¢;
¥ VA y,- khéi luong clia cdu 1t ugng 16n trong tinh thé va trong heé;
D - hé $6 phan bo.

Néu dat D = K,,.C/p, v&i € 1a nong do cia cau tir luong 16n trong dung dich bao hod cta
né vd  khong déi 0 nhiét do va ap sudl di cho, thi thay (y, - y)/C bang mi,/pa,; thay v biang m,
phuong trinh (4.2) s€ trd thanh phuong trich (4.1).
4.2.4. Phan bé can bang nhiét dong trong déng két tinh

L.y thuvét nhiét dong hoc vé phan b6 mot chét dién ly gita dung dich v pha ran duge
A. Ratner dua ra nim 1953, Dudi day ching ta s& trinh bay cac phuong trinh quan trong vé phén
b6 can bing nhiét dong trong dong két tinh, dugc dira ra trén co sd 1y thuyét cia Ratner.

Trong diéu kién dang nhiét - dang dp, sif trao déi thuan nghich cdc cau r A, B ¢6 miit
trong dung dich vi trong pha tinh thé duogc biéu dién bdi phuong trinh:
A+By = Ay+B (4.3)
trong d6 cdc ky hiéu r, dd lan luot ding dé chi pha tinh thé (pha ran) va dung dich (pha long).
Khi hé dat dé€n can bang nhiét dong, hod thé clia cac cdu tir A, B trong pha rdn va pha
1ong phai bang nhau, ta ¢6 cdc phuong trinh:
Bair = Hawn
Mriry = My

va Ham + Hawyy = Haws T Han 4.4)
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Hou 1h€ cia mét cdu tir duge dinh nghia biing biéu thiic:
I = o + RMna, (4.5)
trong dé a, la hoat do nhiét dong clia cdu tr i, i, 13 hda the cha i trang thdi chudn, uic 13 hda
th€ cua i khi ¢; = 1. D€ xdc dinh duge héa the chia mot cdu tir can phai chon trang thai chuin cho

cdic cau fir & pha ran va dung dich.

1) Trang thai chuan cia cdc cau tir & pha riin

Goi .v; 1 phan mol va £ 12 hé s¢ hoat dé cla ciu tir & pha rén. Theo dinh nghia cua hoat

a =f x, (4.6)
nén thuan tién hon cd la chon trang thai chat nguyén chat lam trang thdi chuin. Vi chil nguyén
chat c¢6 phin mol bang don vi (x, = 1), néu chdp nhan hé $6 hoat d¢ cia chat rin nguyén chat
bang don vi thi trang thdi chit nguyen chét thod man ca hai didu ki¢n ma nhiét dong hoc dat ra
khi dinh nghia trang thdi chuin:

Yima, =lim £ = 1. (4.7

N

2) Trang thai chudn cua céc cau tiy trong dung dich

e s6 hoat do cla céc cdce cdu tir 1a dai lugng cho phép dénh g1a mifc do sai khic cia
mot dung dich thye so v6i dung dich 1y tuong, 1a dung dich ma twong tdc giita cic cau tr bang 0,
vi the hé sd hoat do cla cdc cdu ¢ bing don vi vi hoat do nhiét dong bang v6i néng do phan
tich. Dung dich thyc cd thé coi 1a 1y wdng, tic 14 ¢6 he s& hoat do bang don vi, chi khi nong do
cdc chat hou ran 14 vo cling nhd, nghia 13 & do lodng vo han. Nhu vay khong tén tai trong thuce &

mot trang thai thuc nao cla dung dich thda min dong thési cd hai didu kién:
=1 vy =1 {4.8)
vOL Y, la hé s6 hoat d6 cla c4u tr | hoa tan trong dung dich.

Vi th¢ ngudi ta bude phii chdp nhan trang thai chudn cla cic chit tan trong dung dich la

mot trang thdi gia tudng, g do:
m=liag=1vay=1 (4.9)
trong d6 m, 1a ndng do molan clia chat tan i trong dung dich.
Vi cich lya chon cdc trang thdi chudn clia pha ran va dung dich nhu trén:
Mo 5 Mapy 12 BOa the cla cdc chit ran A, B nguyen chit ¢ didu kién nhiét do va dp suat

ticu chudn, nhung pyagg, VA Moo 12 hoa the clia céc chat tan A, B & mot dung dich gia 1dng
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duge chon lam chudn, ¢ dé cde diéu kién (4.9) duoc thoa man.
Hing 6 can bing clia qud trinh (4.3) duge biéu di€n boi phuong trinh:
K= “13¢r)“A(ddbh)

(4.1
Ay -dB(dd)

C6 thé dua ra mot phuong trinh cho phép tinh hing s& can bing K dé dang hon bang
cdch Yap luan nhu sau:

Xét can bing giita dung dich bdo hda cla cdu tir A va tinh thé A nguyén chat, va luu ¥
rang theo cach chon trang thai chudn da n6i & trén thi hoat do cGa A trong pha ran 1a chit A
nguyén chat bing don vi, tic 12 hod thé ciia trang thdi chuln p,.,, chinh bing hod the cua pha
ran nguyén chét, ta co:
Hoar = Hawanny = Hoaga + KT INd pggpm 4.11)
Rur ra:
€ aaaniy = EXP(Hoaq) - Moaa/RT] (4.12)
Bing cich wong ty d6i véi can bing gilta dung dich béo hoa clia cau tr B va tinh thé B
nguyén chit ta cling cé:
Eiyaubhy = exp[(ll_nmn - MonwaV/RT] (4.13)
Chia (4.12) cho (4.13) ta dugc: '
“Aunthh)/ A = EXPL{Hoam + Mo — (Mo + Woacaa) ] /RT) (4.14)
Trong nhiét dong hoc ta da biét ring vé phai cla phuong trinh (4.14) chinh 13 hing s6
can bing K cna phan (mg (4.3), wic 1a:
K = apgam Qo) {4.15)

Nho phuong trinh (4.15), khi biét do tan cia chit A va B & mot nhiét do cho trude, ¢
dugc cdc gid tri he s& hoat do nhd sdch tra ciu hodc bing tinh todn, ngudi ta ¢6 thé tinh duge
hing s6 can bing cia phan ing (4.3).

Loi ich clia déng két tinh 13 & ché 6 thé chuyén cau tir vi lugng vao pha ran tif dung
dich ma & dé ndéng do cba nd rat nhd, chua dat dén ndng do bdo hoa, sau qua trinh két tua dung

dich 13 bio hda chi déi vai cdu tir da lugng, vi thé phuong trinh (4.10) cdn phai vi€t lai la:

_ 9B(r)9A(dd)

K (4.16)

GA(r}9B(dd)

Thay a,,, = f.%; VA &y, = Yith; vao (4.16) ta co:

77



_ XB-Ma(ddbh) SB-Y Acddbh)
Xp My Sa¥B

K

(4.17)

trong do:

Yacaans Maguarny - D¢ s6 hoat do va néng do molan cia cau tir da kugng (A) trong dung
dich bao hda ctia no;

¥is» My - he s6 hoat dé va ndng do molan cha cau tr vi luong (B) trong dung dich;
fas X4 - hé 56 hoat d6 va néng dé phan mol clia cdu tir da luong trong pha ran;

o Xz - hé 6 hoat do va ndng do phan mol clia cau tlr vi luong trong pha rin.

Ty s6:

p="8B . "B \ (4.18)
Xa Mp
phin anh su thay déi trong phan b6 dinh luong giita cdc cdu tir gitia dung dich va pha ran, vi thé
dugc goi la he s6 phan bs. Hé s6 phan b6 D cho biét mic do 1am gidu cau tr vi luong nho
phuong phdp cong két. Phuong trinh (4.18) 6 thé viét lai dudi dang:

JB-Y A(ddbh)
SatB

K=D (4.19)

Can chi y réng trong khi hing s6 can bing K chi phu thuoc nhiét do thi hé s8 phan b D
khong nhiing phu thude vio nhiét 46 ma cé vio thanh phan dung dich.

Khi néng do vi cdu tl trong dung dich 13 dli nhd, ham Iugng vi cdu tir trong pha rin ciing

nho, ¢6 thé xem x, = |, ta cé:
D = Xpnaaanmd s (4.20)
Phan mol clia B trong pha ran (x5) 6 thé biéu dién bang ty s6:
X = (WMpeey): [(IM ) + (WM )] (4.21)
trong dé:
xva y - khéi lugng cia B va A trong pha rén;
My, M, - phan tlr gam coa B va A.

Khi néng d¢ cla B trong dung dich 13 nhd so vdi A, s6 mol B trontg pha rin ciing 1a nhd
50 v@i 86 mol A:

x"{Mﬁ(rl + y"FMNn = y"(MA{rJ

78



va (4.21) trg thanh:
xp = IMy WM o) {4.22)

Ty $6 giita cic néng d6 molan clla A va B trong dung dich ciing bang chinh ty s6 gifra s8
mol clia ching trong dung dich do:

MA(ddbhy  Yp—V  Xp X

: (4.23)
mp Magy Msd

rong d6 x, va y, la tdng khoi luong cdu tir B va A ¢6 trong hé.

Thay (4.17), (4.18) vao (4.15) ta cé phuong trinh Henderson - Kracek va, nhu di trinh
bay & phén trén, tir phuong trinh nay cing riit ra phuong trinh Khlopin. Sy phan tich cac vin dé
nhiét dong hoc ciia déng két tinh cho thdy ring, cdc phuong trinh nay chi dp dung dugc khi nong
dé vi cau tir trong dung dich 13 di nhd dé cac su gdn diing néu ra khi nit ra cdc phuong trinh

(4.17), (4.18) v (4.15) ta chap nhan duge.
4.2.5. Cdc yéu to anh hudng dén hé 56 phan bé trong dong két tinh

Nhu d n6i & trén, hé s6 phan bo D trong déng két tinh, duge dinh nghia bing phuong
trinh (4.13), cho biét mic do 1am giau ciu tlr vi lugng khi dong ket tinh vio pha rin, néi khic di
la phan dnh mic do hoan hio cla viec tdch vi luong phéng xa ra khoi dung dich. Vi the, viéc tim

c4c cdc yéu 1o anh hudng dén hé s6 phan bo ¢6 y nghia thyc t€ quan trong.

£é thuan tién cho cic lap luan, ta riit v phuong trinh (4.19) biéu thifc lién hé gilra hé s6
phan b6 va hang s& can bang ctta phan (mg (4.3):

. (4.24)
B Y A(ddbh)

Khi A va B la chat dién giai, cdc hé s6 hoat do v,, v duoe thay bing cdc hé s6 hoat do
trung binh y.;, Yre-
Gia sir chat dién gial A dién ly theo phuong trinh:
A = VAT+VvA
thi he s& hoat dé trung binh ¥,+ duge dinh nghia nhu sau:
Yar = (1ot YVILY (4.25)
véi v=v,+ v, va ¥, Y. l1acdc hé s& hoat do cation va anion.

4.2.5.1. Anh hudng ciia nhiét do lén hé sé phan bd trong dong két tinh

Trong nhiét dong hoc ngudi ta dd ching minh ring, anh hudng cua nhiét do len hing s¢
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can bing cila mot phin (g hod hoc duoc bidu dién bang phuong trinh:
dInK/dr = -Q/RT? (4.26)
trong d6 Q ta hiéu img nhiét clia phan mg.

Thue nghiém ciing nhu cdc tinh todn 1y thuyét cho thay ring, trong phan 1én trusng hgp.
¢éc phdn mg dang (4.3) 1a téa nhiét, nghia |2 hang 56 can biing clia né giam di khi nhiét do tang
lén. Nhung he s6 phan bé D cdn phu thude vao cic h¢ s6 hoat do, ma su bi¢n thién cua ching
theo nhiét d6 1a philc tap. Sy bi trir cla cdc yéu 16 din dén ket qua la: trong phan Idn trudng hop
D giam khi nhiét d¢ tang, nhung c¢6 nhiéu truong hop khi nhiét do tang 1én he 56 phan bo ciling
tang lén, hodc khong thay déi hoac bign thién theo nhiing quy luat phic tap.

Mot s6 vi dy vé dnh hudng cia nhiét do 1én he s6 phan b6 duge trinh bay trong bing 4.1,

Bdng 4.1. Su thay déi hé s6 phan bs theo nhiét do

Hé dong két tinh Nhiét do, "C D

BaCrQ,. RaCrQ,.H,0 345 20.1-9
56,1 14.37

1004 2.37

Pb(NO,),. Ra(NO,),.H,0 0 2.06
25 247

100 2.83

Ba(CH,CO0),. Ra(CH,CO0),.H,0 50 0.96
75 0.92

100 0.89

4.2.52. Anh huong ciia thanh phdn dung dich lén hé sé phan bo'trong dong keét tinh

Anh huong cia thanh phin dung dich Ien h¢ s6 phin bé duoc 16ng két trong quy tic
Khlopin:

Néu sy thay dai thanh phin dung dich khong tam thay doi ty s6 cic hoat do nhiét dong
cla cau ur da luong va cdu tir vi lugng, thi hé s6 phan b khong thay déi. Néu su thay ddi thanh
phin dung dich 1am thay déi mot cdch khdc nhau cdc hoat d¢ nhiét déng cliu cdu tlr da luong va
ciu tu vi lugng, do sur tao thanh phie chat, cdc hop chat khong dién ly hoac do mot nguyén nhan
nao khidc, vi th€ gay ra sy giam mot cich wu tién hoat do cau wr da fuong trong dung dich, nghia
la lTam giam ty s6 gitta hoat do ciia cav i da luong véi hoat do clia ciu tir vi lugng, thi hé¢ s§

phan b6 D s tang lén, wrong trudng hop nguoc lai né giam di.
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That ra ndi dung ciia quy tic Khlopin ¢6 thé suy ra tryc tiép tir phuong trinh (4.24).

1) Anh hudng cia sir thay déi néng do cau tir da lugng va cac tic nhan muéi két 1én
hé s6 phan hé trong dong két tinh

Tur phuong trinh (4.24) riit ra rang, khi thay déi néng do chia cdu tit da luong trong dung
dich hodc thém vio dung dich mét hgp chilt ¢6 chung anion vdi cdu tir da lugng va cdu or vi
lugng, mi ty s& gilta cdc hé s§ hoat do cha cdu tir da luong va céu tir vi lugng trong pha rin va
trong dung dich thuc t€ khong thay déi, thi hé s6 phan bd ciing khong thay déi. Mot vi du dién
hinh 1a khi cong k&t RaBr, vdi cau tir da lugng BaBr,, sy thay d6i néng d6 HBr trong dung dich
lam thay ddi hiéu tng mudi két clia ca hai mudi bromua mot cdch nhu nhau va vi the khong dan
dén su thay d6i dang ké hé s6 phin bs D (bing 4.2).

Bdng 4.2, Sut thay déi hé s8 phan bd D 6 0'C cua radi gifta dung dich
va tinh thé bari bromua khi thay déi thanh phin dung dich.

Thanh phan P
dung dich | HBr (molD po EsophinbociaRe
BaBr, (mol/l) -
3,11 0 ' 12.5
2.92 027 2.0
2.84 0.43 128
2.42 1,03 126
1.72 2.22 149
127 2.92 13.9

2) Anh huéng cba s thay déi nong do vi cau tir lén hé s¢ phan bé trong dong két
tinh

Su thay d6i néng d6 vi cdu tir trong gidi han cla cic ndng dé nho (cho dén khoang
0,01M) thudng khong 1am thay d6i trong thyc t& gid tri clia hé s6 phan ba. (J nhiig ndng do cao
cha vi cau tlr, su thay ddi ndng do vi cdu tir irong dung dich chi fam thay doi hé 56 phan bd khi
nhitng su thay déi &y lam thay doi hoat do clia vi cu tit rong pha rin. Chang hun trong sy cong
két RbCl nhér cau tr da luong KCI, khi néng do RbCl trong dung dich thay doi & ving dudi
0,1M, hé 56 phan b hau nhu khong déi. Nhung & ving ndng do trén 0,1M, sy ting nong do
RbCI trong dung dich din t6i suf tang hé s¢ phan b D. Hién tuong tuong ty ciing quan sat duge
khi cong két RbBr vdi KDBr.

Trong khi 4y hé FeSO,.CoSO,.H,O ¢6 he 6 phan b khong thay d6i khi thay ddi nong
do vi caw .
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3) Anh huéng cia sir tao phiic trong dung dich Ién hé s6 phan bo trong dong két
tinh

Khi cac cdu tir vi lugng va da lugng tao phic v6i mot anion X trong dung dich, ching
han theo cac phuong trinh:
B+X = BX (4.27)
A+X = AX (4.28)
Céc hing s6 bén K, cua phitc BX va K,’ clia phiic AX biéu dién bai cdc phuong trinh:

thyy

Ky =— - (4.292)
4R(ddy Iy
va
Kp=— (4.29b)
QA (dd)“x
trong do :

@ pag; - hoat do cha B te do khi ¢6 mat chét tao phiic, ay Vi g,y 13 hoat do clia anion X va
cua phitc BX trong dung dich;
@’ gy - hoat d§ cta A ty do khi o6 mat chat tao phiic, a,y 1a hoat do cha phiic AX trong
dung dich.
Dé thay rang hoat do cta B trong dung dich khi khong ¢6 mat chat tao phic (agg,,) va
khi c6 sur tao phifc (& gy} li€n hé véi nhau bai phuong trinh:
Ay = @ oy + dpx (4.30)

Ruit apy tir (4.29) va thay vao (4.30),ta c6 :

Aany = 8 a1 + Kyay) (4.31)
Tuong tu, ta c6:
Apcaay = @ auoll + K pax) (4.32)
Tir (4.29b) nit ra:
= B 4.33)
Kp aadd)

Pua ay 13y tir (4.33) vao (4.31) va (4.32), 16i thay cdc phuong trinh thu duge vao (4.11)
ta nhan duge phuong trinh: o

82



l + Kb aAN

x = 9B 9Aced) Ky anad)

at _ (4.34)
a/\(r) dpedd) 1+ ?{Ax

a Atdd)

Thay cdc hoat do bang tich clia néng do phan tich va hé s& hoat do, tir (4.34) va (4.18)
dé dang rit ra lién hé gifra hé 6 phan bd D khi khong cé mat tic nhan tao phifc vdi hé sd phin
b& D, khi ¢6 chat tac phire trong dung dich:

K .
l + b aA,\

Ky o
D=D, — 0 "AW) (4.35)
1+ JAx

AA(dd)

Tuwong ty nhu D, hé 58 phan bé D, khi ¢é chit tao phiic trong dung dich duge dinh nghia
bang phuong trinh:

p. =XB."MB (4.36)

Yy m'A
trong d6 m’,, m’y la néng do molan cha cdc cdu tr da lugng va vi luong tén tal & dang tu do
trong dung dich khi ¢6 mat 14c nhan tao phiic.

Khi ¢,x >> ¢ g9, (4.36) trd thanh:
D = DAKJK',) (4.37)

Phuong trinh (4.37) cho phép xdc dinh hang s& bén K|, clia phitc chit tao thanh gitta vi
c&u tir va tac nhan tao phire X, khi biét hing s& bén ctia phic chat cha cau tr da lugng va cdc hé
sO phan bd D va D,
4.2.5.3. Anh hudng cia su thay doi thanh phdn pha rin lén hé s¢’ phin b6 trong déng két
tinh
Thanh phan pha rin ¢4 thé thay doi do su cé mat trong dung dich cdu (it da Jugng thif hai
dong hinh véi cau tir da lugng thit nhat. Bing cdch thém tir tir cdu tr thi hai ndy vao dung dich
c6 thé gay ra sy thay déi tir tlr thanh phin pha rdn. Ngudt ta nhan thdy ring su thay déi khong
dot bién thanh phan pha ran din dén su thay doi tir tir hé s6 phan bd cla cdu tr vi lugng. Mot vi
du la su céng két ¢ 25°C cia radi nitrat véi cau tir da lugng bari nitrat cling vdi cau tir da lugng
thit hai 1a chi nitrat. Khi ty 1& néng do chi nitrat so vdi bari nitrat trong dung dich tang ddn tir O

dén 100%, nong do cGa cdu tir nay tang dan trong pha ran, hé s6 phan bd cua radi bién thién dan
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dan tir gid trj hé s6 phan bd trong hé Ba(NO,),-Ra(NO.,),-H,O sang hé s& phan bd trong he
Pb(NQO,),-Ra(NO,),-H,0.

Khi thanh phan pha rdn, vi mot 1Y do nao d6 thay doi dét bién, hé s& phan bo ciing thay
doi nhéy vol. M6t vi du 1a su déng két tinh radi nitrat v6i stronti nitrat. O nhiét do dudi 34°C
stronti nitrat két tinh duéi dang Sr(NQO,),.4H,0, ¢ 34°C & dang mudi khan Sr(NQ,),. Do su thay
d6i dot bién nhu vay ctia thanh phan pha rin, hé s& phan b& cla radi cling thay ddi nhay vot
{xem bang (4.3)).

Bdng 4.3. Su thay d6i hé s& phan bd cha radi trong hé Sr(NO,},- Ra(NO,),-H,O

Dang tinh thé cia cdu tir da lugng Nhiét do két tinh °C Hé so phan bé D cua radi
Sr(NQO,),.4H.O 15 1,08
Sr(NO,),.4H,0 20 0.74
Sr(NO,),.4H,0 29 0.66
Sr(NG,), 34 33
Sr(NG,), ) 50 29
St(NG,), 80 22

4.2.5.4. Anh hudng ciia su c6 mdt vi cdu 11k thit hai lén hé 56 phdan b6 trong déng két tinh

Néu dung dich chia hai vi cdu tir khong tuong tde véi nhau va sy tham gia cia chiing
vao mang tinh thé cia cau tr da lugng khong lam thay doi s6 lugng khigm khuyét trong mang
tinh thé chia cfu tlr da lugng, thi sy c6 mat ciu u vi lugng nay khéng anh hudng dén hé s6 phan
b6 cuia cdu tir vi luong kia. Chang han cdc vi cu tf radi va RaD khéng anh hudng lan nhau lén
hé s8 phan b6 caa chiing khi cong két v6i BaCl, ¢ 0°C.

Khi cation cla cau 1 vi huong thit hai ¢6 hoa tri khdc véi cation cua cdu tir da luong, su
tham gia ctia n6 vao mang tinh thé din dén sy hinh thanh cdc khiém khuyét bé sung giong nhu
anh hudng ctia cdc tap chét. Khi &y vi cfu tir thit hai nay anh hudng rd rét 1én hé s6 phan bo ctia
vi cdu tir thit nhat. Mot vi du dién hinh 12 sy gidm hé s¢ phan bo cla ThB gifta dung dich va tinh

thé natri clorua khi cé mat ion canxi.
4.2.6. Anh huéng ciia ¢ic yéu t5 dong hoc lén sy phan bé vi cau tir trong dong két tinh

Dac trung phan bé cia vi cdu tit khi dong két tinh chiu dnh hudng manh clia cdc yéu 16

dong hoc, bao gom dong hoc cha sy tao mdm tinh thé, dong hoc cha su phat trién tinh thé va
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dong hoc cia téi két tinh. Vi cac mim tinh thé ¢é kich thudc rat nhé (10 - 100A), khéi lugng cdc
mam 13 rit nhod so voi khéi lugng cha két tha, 4nh hudng cla sy tao mam ¢6 thé bd qua. Vi thé
ching ta s& chi trinh bay anh huéng cla dong hoc phdt trién tinh thé va tdi két tinh lén sy phan
bd vi cau tir.

Sur hinh thanh két tha ciing nhu su tham nhap vi cdu tir vao két tha bao gém ba giai
doan:

1) Van chuyén cic tiéu phan tir dung dich dén 1p bién giita pha 16ng va pha ran thudng
goi 1a giai doan khuéch tdn ngoai, Khi ti€n hanh két tha c6 khudy trén, chang han khi dua cac
dung dich vao binh phan (ng, tao thanh trang thdi qud bdo hod cla cdc chat khé tan dong thoi
khudy tron manh, toc do van chuyén phu thudc manh vao (6c d6 khudy tron. Khi k&t wia khong
khudy trén, chang han bang cdch lam bay hoi tir tir dung dich bio hoa, 16¢c dé clta giai doan nay

chinh 12 t6c d6 khuéch tdn cla céc tiéu phan trong dung dich dugc ky hiéu 1a v,

2) Ciéc tiéu phan di qua 1dp bién dé két ta lén bé mat pha riin, do su két hop clia cdc ion

thanh phan tir. Téc do clia giai doan nay ky hiéu fa v,

3) Su khuéch tdn céc tiéu phan trong pha rin, thuding goi 12 su khuéch tdn trong (ndi

khuéch tdn). Téc do cia giai doan nay ky hiéu 12 v, .

Trong ba giai doan trén, giai doan nao cham nhat s& quyé€t dinh dong hoc cha toan bd
qué trinh. Khi toc d6 cua cdc giai doan tuong duong nhau, sy moé ta dong hoc clia qud trinh déng
két tinh %€ trd nén rat phute tap. Vi the anh hirdng ciia cdc yéu 18 dong hoc lén su phan bd vi céu
tlr trong ddng két tinh chi ¢6 thé mo 14 dinh lugng Khi dua ra cdc diéu kién gid dinh cu thé. Dé
don gian cdc 1ap luén, chiing ta sé gia dinh ring sy khuéch tan trong c6 thé bd qua, tifc 1a v, =
0. Khi vy,<< v, téc do két hop céc ion tao thanh phan tr [a cham so v6i t6c dé khuéch tdn trong
dung dich, nguoi ta bao ring su két tinh xay ra trong mién dong hoc. Trong trudng hop nguoc lai

va>> V¥, su két tinh dién ra trong mién khué&ch tén.
4.2.6.1. Su két tinh xdy ra trong mién déng hoc
Khi cong két, trong qu4 trinh phdt trién tinh thé hoac tdi két tinh, ty 8 gifta bién thién

khéi lugng vi cdu tir va bién thién khéi lugng cfu tlr da lugng trong pha ran di/dy c6 the biéu
dién bdi phuong trinh:

dx
= 2 y)F(Cyq) (4.38)
dy

trong dé Alx, ¥) la mot he s6 ty lé phu thudc vao ndng do cia cdc cdu i trong dung dich, trong
mot s6 1ai lidu ciing dugce goi 1a hé s& phan bd, nhung né ty 18 véi da/dy, tirc 12 ty 6 gilta s phan
tlr gam vi cdu tif va cdu tr da lugng chuyén vao pha rin, chit khong ¢6 ¥ nghia thong thudng cia
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he s6 phan bo (1a ty s6 cdc nong do vi cdu tir trong pha rén va trong dung dich), F(C,,) 12 néng
d6 vi cdu tu tai 16p dung dich nim st bé mat pha rén.

Trong trudng hop chung, F(Cy) 12 ham s6 clla néng do trung binh va t6¢ dd khuéch tan
cua vi cdu tit trong dung dich. Khi t6c do khuéch tin trong dung dich la rat I6n, néng 46 vi cau
tr tai 16p dung dich ndm sat bé mat pha ran bing néng do trung binh cfia vi ciu tir trong toan
dung dich, tiic 1a: F(C,,) = Cy, va phuong trinh (4.38) tr& thanh:

dx
—= k(x y).Cdd (439)
dy

Khi két tinh bang cdch lam bay hoi ddn dung dich bdo hoa clia cdu tir da hrong (cé
khudy tron manh dé dam béo diéu kién F(C,) = C,,), néng do cdc cHu tir trong dung dich cé thé
coi la khong thay ddi, bing nong do bao hda, luc ion trong dung dich khi ay gilt mot gia tri
khong d6i, va c6 thé chap nhan A(x,y) 1a mot hiing s6:

Mo, v=d, = cbnst (4.40)

Nong do cdu tir vi lugng trong dung dich, C,,, 12 s6 phén tir gam cdu tr ndy trong mot
don vi thé tich dung dich:

Co = {x-0)V 4.41)
trong d6 x, va x 1a s6 phan tir gam vi c4u tir trong toan bo hé va trong pha rdn, V 12 thé tich dung
dich.

Thé tich dung dich V ¢6 thé thay bing ty s6 giita s6 phan tir gam ciu tir da lugng cé mat
trong dung dich vé&i néng do C,,,, cha ciu tr nay:

Vi=(n-y) Ciyua (4.42)
trong d6 y, va y 1a s6 phan tir gam cdu tir da lugng trong toan bo h¢ va trong pha ran, C,,,, la
néng dé trung binh ciia né trong dung dich. Gi4 tri Ciyuor nhtr dd mo 1a & trén, 12 néng do bio
hoa Cy, cia cdu tir da lugng & nhiét do da cho: Ciya = Cop = const,

Thay (4.42), (4.41) vao (4.39), ta ¢6:

dfxg - %) _ o dfyg - )
Xg — X Yo-—-)y

(4.43)

V@i
Ay = N4.Cypa = const (4.44)
Su tich phan (4.43) cho ta:
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X
in—"— =Xg.In
Xpg —X Yo—J¥

(4.45)

hay:

X

In 0

Xp — X
Yo

Yo—J¥

=%g (4.46)
In

P6 la phuong trinh Doerner va Hoskins mé ta quy tic logarit v€ phan bd vi cdu tir trong
tinh thé c&u tir da lwong: Logarit ciia 1y sé gifta néng do ddu va néng d¢ sau dong két tinh cita
cdu it vi long trong dung dich chia cho logarit cia ty s6 gifia néng d¢ ddu va néng 19 sau déng

két tinh cria cdu 1w da luong trong dung dich la mot hdng 6.

Phuong trinh Doerner va Hoskins cho phép tinh duge s6 phan tir gam x ctia ciu fif vi
lwong con nim lai trong dung dich, khi xdc dinh dugc A, va y bing thuc nghiém. Can nhé rang
phuong trinh nay dugc it ra voi gia dinh 1a sy khuéch wdn trong dung dich dién ra nhanh va su
két tinh thire hién bang cdch 1am bay hoi dung dich bdo hoa cdu tir da huong.

Pé hiéu rd thém ¢ nghia vat 1y cha phuong trinh Doerner va Hoskins, ching ta phan tich
thém vé co ché 16n lén cla cdc tinh thé khi cong két. Cdc tinh thé 16n lén nhd sy két tha trén bé
mit ciia né cdc 1dp da phan wr cGa cdu tr da lugng, Do luc hit gitta cdc phan tr hoac céc luc ion
thr cip, bao quanh 16p S trén ranh gi6i hai pha 1éng - rdn ¢6 mot 16p dung dich A. Su trao déi vi
cau tir giffa 10p A va bé mat S gay ra su Xxam nhap vi c4u tir vio pha tinh thé, xdy ra cho dén khi
mot 16p méi S két tha trén bé miit, phil 1én 16p S. Lép S' lai ti€p tuc qud trinh trao déi vi cdu
vdi I6p dung dich A'..., Su phan bé cau tlr vi lugng trong pha tinh thé s& chia thanh titng 16p,
gidng nhu cdc 16p trong mot ch hanh (phan b6 dang cil hanh). Vi x,- x va y, - v ldn lugt 14 s6
phan tir gam cdu i vi luong vh da lugng cdn lai trong dung dich. Phuong trinh Doerner va
Hoskins cho thay ring khi A,> ! dung dich ngheo dan cau tir vi lugng khi so sdnh véi nong do
cfu ur da lugng. Téc 1a 10p dung dich A' ¢6 ndng do tuong d6i clia cdu tr vi lugng nhd hon 18p
A, din dén ndng do cau tir nay trong 18p tinh thé S' nhd hon trong 16p S. Mot cich tdng quadt:
Khi 2,> 1 néng dé vi cdu tit trong tink thé gidm ddn te tam ra dén bé mdt, con trong triong hgp
Ay < 1 thi nguoc lai.

4.2.6.2. Su két tinh xdy ra trong mién khuéch tin
Vo 23V B Y, = 0

Khi t6¢ do khuéch tdn 1a nho so v6i 16¢ 4o két tlia 1én bé mat pha ran (cling thudng duge

xem 14 td¢c do vuot qua ranh gidi phan chia 16ng ran cha cdc cdu 1), xung quanh bé mat pha rin
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¢6 mot 16p dung dich 6 bé day 3, & d6 néng do cdc cdu tir thap hon néng do trung binh trong
toan dung dich. Bé day 8 di nhién phu thudc vao t6c do khudy tron, con khi két tinh khong
khudy tron né phu thude vio toc d6 tir khuéch tén trong dung dich (v). Dé don gian héa viec
tich phan phuong trinh (4.38), ngudi ta chdp nhan ring trong 16p 3 he s6 khuéch tan cla cdu tir
da lugng (D, ) va cha cdu tir vi huong (Dy»,) 12 bang nhau va (v 6 giita cdc hé s6 khuéch tin
nay vdi bé day & la khong déi:

(D) & = (D) & = const (4.47)

Vi diéu kign (4.47), tir (4.38) ngudi ta thu duoc:

X Ao (4.48)
y ¥ +)“o(yo -

trong dé:
Xor Yo 180 luot 12 s6 mol clia cdu tlr vi lugng va da lugng trong toan bo he;
«, y lan luot 12 s6 mol clia c4u tr vi luong va da lugng trong pha rén;
¥y, la $6 mol cia cdu tr da kugng con lai trong dung _dich:
Ay 12 mot hidng s4.
Khi thay y = y, - y,, bing vai phép bién déi don gian, ta cé:
x Xg—x

S =2y
y Yoy

(4.49)

D6 chinh 1a phuong trinh (4.2) ciia L.M. Henderson va F.C. Kracek, khi thay A, béang
h¢ s& phan ba D.

4.3. PHAN BO VI CAU TU GIUA PHA RAN VA PHA KHI

Radon ¢ kba nang dong keét tinh véi hydro bromua trong hé Rn-HBr-2C,H.CH,, v6i
sunfurg trong hé¢ Rn-SO,-6H,0 vd Rn-SO,2C,H,OH, véi hydro sunfua trong hé Rn-H,S-
2CH,OH. Trong tinh thé hén hop cilia cdc hop chat trén, radon va hydro bromua, sunfuro hoiac
frydro sunfua chi€m c4c 6 tréng trong mang tinh thé ciia nudc, phnol hoac toluen.

Gidng nht trudng hop ddng két tinh tir dung dich, su phan bs radon gifta pha khi va pha
tinh thé tuan theo phuong trinh Khlopin.

That ra sy dong ket tinh v6i mot s6 hop chat khéng phai 14 tinh chat riéng cla radon.
Cac khi trgr khéc ciing ¢6 tinh chét twong ty. Diéu ddng chii v 1a sy khdc nhau rt 16n cia hé so
phan b6. Kha nang chuyén vao pha tinh thé tang manh theo chiéu ting nguyan tir lugng chia khi
tro. Chang han khi d6ng ket tinh trong h¢ khi tro- SO,-6H,0, hé s8 phan b ciia Rn bing 2 dén
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40 14n hé s& phan bé chia Ar, hoic bing vai nghin lan hé s6 phan bd ciia He. Nhiy the Rn ¢6 thé
tach khoi Ne hoac He bang chi mot 1dn ddng két tinh véi hydrat cua SO,, va tach khoi Ar sau vai
lin tdi két tinh.

4.4. PHAN BO VI CAU TUGIUA HAI PHA LONG

V& can ban su phan b vi luong chat phéng xa gilta hai pha 16ng khong thé hién di biét
gi so vdi cdc quy lvat quan sdt dﬁqc khi chiét nhimg lugng thong thuong cla ching. Phuong
phap chiét 6 vai trd rit quan trong trong viéc tdch, tinh ché nhiéu nguyén 8 phéng xa, vi the s&
dugc trinh bay chi ti€t g cic chuong sau.

Trong muc ndy chting ta chi nhic qua mot s dnh hudng cta ciu tir da luong dén phan

b& cia cdu tr vi lugng trong su chiét long - 1ong.

Ngudi ta quan sat duge hién tugng cong chiét cic vi lugng cliia mét nguyén 16 khi chiét
mot ciu tir da luong. Chéng han ion Na* khong bi chiét bdi tic nhan B-izopropyltropolon, nhing
khi ¢é mat Zn* hoac Ni** né bj chiét vao pha hifu co do su hinh thanh cde hop chat chi¢t duge
dang NaZnA hoac NaNiA; (A la anion).

Ciu tir da luong cé (hé 1am ting hé s6 phan bS cia cdu tir vi lugng. Hién tugng ndy
thudng quan sit duge khi chiét mot s6 déng vi phdng xa trong moi trudng axit clohydric bang
ete. Chang han hé s6 phan ba clia '*Sb™ tang manh khi c6 mat mot lugng 16n Fe™. Nguyén nhan
Ia cac phuc tao thanh giita axit clohydric véi '**Sh" va vdi Fe™ khi duge chiét vao pha hitu co ¢6
thé két hop v6i nhau tao thanh cdc lién hop phén tlr, giam hoat do cha cdu tir vi lugng trong pha
hiru co din dén tang hé s6 phan bé. Trong nhimg trudmg hop don gidn, sy thay d6i hé s6 phan
bé& clia cdu tir vi lugng theo ndng do cau tir da luong trong dung dich nudc [Me,], duge biéu dién

ba&i phucng trinh kinh nghiém:
Dy = A + B[Me, 1%, (4.50)

trong d6 A, B 12 c4c hing s6 kinh nghiém bao ham ca hing s& chiét, hiang s& lién hop cla cic
phan tit phitc trong pha hifu co, hé s6 hoat do clia cic cdu tir. a cling 13 mot hing s6 kinh
nghiém. Tuy nhién gid tri cla o ciing ¢6 thé thay déi trong nhimg viing néng do khdc nhau cia
cau tr da lugng.

Khi trong pha hitu co xay ra su phén ly cdc hop chat duge chiét cha vi lwong mot déng vi
phdng xa (thudng gap khi chiét bing cdc xeton), ngudi ta ¢d thé quan sat duoc sy giam hé s&
phan b& chia cau tir vi luong do su ¢6 mat clia c4u r da lugng. Chang han khi chiét vi luong 'In
tir dung dich HCI bing cdc xeton, hé s6 phan bd gidm manh khi tang néng d6 Te" hoac Sn"
trong pha nuée. O cdc néng do nho khong ddi clia HCL, sy giam hé s phan b6 clia cdu tlr vi
luong (D.,.,) khi tang néng do ciu ti da lugng trong pha nudc [Me,), c6 thé biéu dién boi
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phuong trinh kinh nghiém:
B

LA 4.51
\;‘[Mez]n ( )

trong do, ciing gidng nhir & (4.50), A, B Ia cic hing s6 kinh nghiém bao ham cé hing s& chiét,
hang sd lién hop cta cdc phan tir phiie trong pha hifu co, hé s¢ hoat do cla cic c4u 1.

DMcI =4+

Su tang nhigt do thudng 1am gidam bét anh huong cla cdu tlr da luong Jén sy chiét cu i
vi lugng.

4.5. SUHAP PHU CAC DONG VI PHONG XA

Sy hap phu céc dong vi phéng xa tir dung dich c6 vai tro quan trong trong hos phdng xa.
Mot mat vi cdc dong vi phéng xa thuong ton tai trong dung dich & nhitng néng do rat nho, c6 thé
bi mit di trong qua trinh x{r Iy do bi hap phu bdi thanh binh, bdi cdc tap chit trong dung dich,
bdi cde ket tha cia cdc chat khic hodc boi gidy loc. Mat khdc, k¥ thuat hap phu lai dugc sir dung
rdt rong rdi dé tdch cdc nguyén t6 phong xa ra khoi cde dung dich.

4.5.1. Cac dang hdp phu

Can cif vao ban chat céc tuong tdc trong hdp phu, ngudi ta chia thanh hap phu phan tr va
hap phu ion.
4.5.1.1. Hdp phu phdn tit

Hap phu ma tic nhan hdp phy va chat bi hdp phu tuong tic v6i nhau chi yéu bdi cdc luc
van der Waals duoc goi 1a hdp phu phan tir. Trong h&p phu phan i, quan h¢ gilta cdc nong do

chdt bj hdp phy trong hai pha can bing (rén - khi hodc rin - 1ong) dugc mé ta bdi cic phuong
trinh Langmuir:

C
X=Xy ZW (4.52)
va phuong trinh Freundlich:
x=KC" {4.53)

trong dé:

x va C l4n luot 1a nong do chat bj hap phu trong pha ran (s mol chat bj hap phu di vio
lg tac nhan hap phu) va dung dich (hodc pha khi) nim can béng véi nhau;

¥» 1a nong do bao hoa chia chat bi hap phy trong pha rin;

B, K va n 1a cdc hing s6 kinh nghiém, n < 1;
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(@ 13 nhiét hdp phu.

Cén chi ¥ ring phuong trinh Langmuir 12 phuong trinh bdn kinh nghiém duoc it ra wr
mo hinh gid dinh vé su hap phu timg 1dp don phan tir, cdn phuong trinh Freundlich thudn tiy la
phuong trinh kinh nghiém.
4.5.1.2. Hdp phu ion

Trong hip phu ion twong tdc gilfa tdc nhan hidp phu va chit bi hip phu chi y&u ¢6 ban
chdt tinh dién.

Hép phu ion xay ra trén cdc két tha tinh thé min, trén bé mit cic két ta c6 thé tich lén
nhu két tha hydroxit, silicagen, aluminosilicat, trén cdc hat keo, gidy loc hodc nhua trac déi ion.

Trong phan Ién truong hop, hip phu ion cling tuan theo cdc phuong trinh cda hap phu
phan tir. Chéng han sy hap phu trén thily tinh clia Ra®* trong viing néng d¢ réng, cla Ba® va Sr**
trong ving ndéng do 5.10"" dén 10°M tuan theo phuong trinh Freundlich véi cic gid tri tuong (ng
clia n = 0,6, 0,63 va 0,63. G nhitg ving néng do thap hon, su hdp phu Ba®* va Sr** tuan theo
dinh luat Henry (lugng chat bi hap phu ty 1€ thuan véi néng do ctia né trong dung dich).

Hép phu trao ddi ion tudn theo dinh luét tdc dung khéi lugng.

Quan trong nhit d6i véi Hoéa phéng xa 1a su hap phu vi lugng céc ton cla cdc dong vi
phéng xa trén bé mat cdc tinh thé ion.

4.5.2. Hap phu trén cic tinh thé ion

4.5.2.1. Dinh ludt Fajans - Paneth

Bdng 4.4. Sy phu thugc coa lugng ThB?* bi hdp phu 1én két tha mudi bac vio dé tan cha hop chat giita
ThB™ véi anion ciia két tila (két tlia dugc hinh thanh do phin ing gilta cic duong lugng cation va anion).

Két tha (tac nhan hap phu) Do tan cita hop chét tao thanh Luong ThB?* bi hdp phu
giira cation bi hap phu véi anion vao két tua (%)
clia tac nhéan hip phu (mol/})
AgBr 2.10° 1,8
Agl 1.10° 2,1
AglO, 5.10° 43.1
Ag.C0, 2.10° 81,1
Ag,CrO, 2.107 97,9

Dinh luat Fajans - Paneth cho bi€t moi lién quan giita d6 tan cla hop chét hinh thanh
giita cation bj hip phu véi anion trong tinh thé va lugng cation bi hap phu:

Mot nguyén 18’ phéng xa 16n tai trong dung dich & dang cation sé bi hdp phu cang manh

badi mot két tua (vén sdn cé irong dung dich hay dang hinh thanh} khi hop chdt tao thanh gifia
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cation nay voi anion ciia két tia ¢ dé tan cang nhd.

Dinh ludt Fajans - Paneth dugc minh hoa bing sy hiap phu ThB* wrén cdc két tha mudi
bac (bang 4.4). Tir bang 4.4 dé thdy ring ngay vi du dién hinh nay ciing thé hién nhiéu ngoai l&
so vdi dinh ludt da néu trén.

4.5.2.2. Pinh ludt Hahn

Su phdt hién nhi€u ngoat 1é so véi Pinh luit Fajans - Paneth, chéng han ThB (mot déng
vi phéng xa cua chi) khong bi hdp phu trén thiy ngan clorua mac dir chi clorua 1a chat khé tan,
dd dan ngay chinh Fajans dén y nghi I3, dién tich bé mat két tlia ¢ anh hudng dén kha nang hap
phu. Trén co s0 cdc cong trinh clia Helmholtz, Gouy va Stern vé sy tao thanh 16p dién kép trén
b€ mat két tha, Hahn di dua dinh luat sau:

Mot nguyén 16’ phéng xa sé bi hdp phit trén cac tinh the cé cic khi bé mdt tinh thé mang
dién trdi dau so véi dién tich ion cia nguyén 16 phéng xa. Su hap-phu cang manh khi hop chdt
tao thanh gitfa ion cia nguyén 16 phéng xa va ion tich dién trdi ddu ciia bé mdr tinh thé ¢c6 do

tan cang nho hodc cang it phan ly.

Dinh luat Hahn duge riit ra tir sy phéan tich két qua nghién citu hap phu ThB™ trén cic
ket tiia CaSO, vi Agl. Theo céc két qua niy ThB* s& bi hdp phu cang manh khi dung dich cang
du H,SO, va it bi hdp phu khi két tia CaSO, hinh thanh trong diéu kién du CaCl, (xem bing
4.5). Hién wong 8y duoc gidi thich 1a khi du SO,” bé mat két tha tich dién am ¢6 kha nang hdp
phu cdc ion ThB* mang dién trdi ddu, con khi dv Ca’* thi nguoc lai. Anh hiong cia diéu kién
hinh thanh kéi tha Agl 1én su hip phu ThB* ciing dugc gidi thich tong .

Bdng 4.5. Anh hudng clia didu kién hinh thanh két tia CaSO, va Agl 1én sy hip phu ThB*.

Két tia T4c nhan két tia lay bé du tac nhan Luong ThB* bi hap phu
du két tiia tr dung dich (%)
CaS0, H.50, 0% 38.0
H,S0, 10% 92.2
H.50, 10 lan 98.4
CaCl, 10% 5.2
CaCl, 7 lin 1.7
Azl KI 5% 73.1
Ki 10% 70.9
AgNO, 10% 45
AgNO, 100% 20

Dinh lvat Hahn khong luon luon diing. AglO, , Ag,C,0, , Ag,CrO, kél tiia do phan img
giifa cdc lugng cation vi anion iuong tng véi phuong trinh ty lugng, tic 12 ¢6 bé mat khéng tich
dién, van hdp phu manh ThB* (xem bang 4.4).
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Trong moi trudng axit nhe, ThB'? khong bi hip phu trén bé mat khong tich dien cha ket
tia Ag,S, nhung khi théem KCl vao dung dich su hap phu lai xdy ra va tang manh khi tang nong
do KCl:

Néng do KCl1 (mol/l): 00 04 08 16 32 80 160

Luong ThB* bi hap phu (%): 00 4,5 8,1 191 41,2 554 7277

Nghién ciru nhiing sai 1éch so v6i dinh luat Hahn con cho thay rdng t6c do hinh thanh
két tia anh hudng dén kich thudc bé mat pha rdn va vi the dén lugng vi cdu tir bi hap phu.
Ag,CrO, tao thanh khi két tha nhanh trong diéu kién du ion cromat hip phu manh dong vi cua
radi, ThX hap phu kém hon khi du ion bac, va hau nhu khong hdp phu khi két 1ha hinh thanh

cham.

Vi, theo dinh luas Hahn, sy hap phu c6 nguyén nhén 1a lyc hiit tinh dién chia bé mat véi
céc ion mang dién trdi ddu, su hap phy sé cang manh khi dién tich ion cang 16n va bdn kinh cang
nho (xem bang 4.6).

Bdng 4.6. Sy hdp phu mét s nguyén 16 phong xa trén bé mat két tha Agl méi hinh thanh tich dign am
(luong két ia 3.10 mol, thé tich dung dich mudi phong x4 20 ml).

Néng do H* trong dung dich (iong/l) 0,005 0,05 0,1
Luong nguyén (6 phong xa bi hap phu (%)
Ra* 1.9 it 0
Ac™ 15,2 25.1 7.0
Th' 100 100 50.5

Céc ion cing diu c6 dién tich 16n hon c6 thé ddy céc jon clia cfu tir vi lugng ra khoi bé
mat tinh thé, 1am gidm manh sy hap phu cdu 1 nay trén ket ta. Trén bé mat K,S0, két tinh tir
dung dich bdo hoa ciia mudi nay, Ra®" bi hip phu tir dung dich t6i 57%, nhung chi can cé mét
Th* véi ndéng do6 1% thi luong Ra?* bi hdp phu chi cdn 2%. Sy c¢6 mit hoac khéng ¢6 mat
AI(NO,), ciing 4nh huéng tuong tu dén sy hap phu Ra® trén két tha PbSO,. Anh hudng 16 rét
cha ion H* dén qud trinh hap phu vi lugng cdc cation phong xa cling dugc giai thich bang hi¢u
img tuong .

Ngaty nay ngudi ta cho réng trén ranh gidi gifra hai pha long - ran tén tai mot 10p bé mat
S clia pha rén va mot 18p dung dich A, & d6 ndng do vi cdu tir khic véi ndng do trung binh cla vi
c&u 1 trong todn dung dich. Sy hap phu ¢6 thé do céc luc van der Waals (hdp phu phin tir) hodc
do cdc phdn tich dién trén bé mat tinh thé gay ra (hap phu ion).

Theo Verwey, Kolthoff va Ratner, si hdp phu cdc ion tir dung dich bdi tinh thé ion lien
quan véi sy hinh thanh mét 16p dién kép trén ranh gioi tinh thé€ va dung dich. Ldp kép gém hai
ban, ban trong & phia bé mat tinh thé (ky hiéu 1a ) va ban ngoai vé phia dung dich (k¥ hiéu 1a
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A). Ldp dung dich ndm ngoai ban ngodi A chia Idp kép duoc goi 1a 16p khu&ch tdn. Su xuit hién
clia cdc dién tich trén ban trong S c6 thé giai thich bing co ch€ sau: Khi tinh thé tiép xiic v6i
dung dich luén tén tai cin bing dong clia qu4 trinh cdc ion tir bé mit tinh thé di vio dung dich
va ion tir dung dich di vao bé mat tinh thé. Kin dung dich dir ion am ¢6 trong thanh phén cla két
tua, td¢ do di vao bé mit pha ran cla cdc ion nay trd thanh 16n hon so véi ion duong, bé mat pha
rdn vi th€ du dién tich am. Do lyc tinh dién, di¢n tich am nay cta lgp § hit cdc ion duong clia
dung dich va tao thinh ban ngoai A tich dién Am. Khi dung dich du ion duong ¢é trong thanh
phan cia ket tha, thi nguge lai, ban trong S tich dién duong. Nhu vay cdu tao cta 1dp kép phu
thuoc vao diéu kién tién hanh két tha. Ching han khi k&t thia Agl, néu 1ay du KI, ban trong S du
ion I" tich dién am, cdn ban ngoai A va 1&p khuéch tan dur ion K*, con khi du AgNO,, ban trong
du ion Ag® tich dién duong, con ban ngoai A va 16p khuéch tén du ion NOy'. Sy hdp phu vi cdu
tit, tic 12 qua trinh di vao 1p kép cha vi cdu thr, phu thuoc vao ciu trie cua 16p kép, va vi thé
chiu anh hudng cta nhiéu yéu 8. Dinh luat Fajans - Paneth va dinh luat Hahn chua phén inh

dugce vai (rod cua 1at ca cac y€u to phiic tap nay. ‘
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CHUONG 5
PIEN HOA HOC CUA CAC NGUYEN TO PHONG XA

5.1. NHONG DAC PIEM RIENG CUA DIEN HOA HOC CAC NGUYEN_T(‘)’
PHONG XA

Nhiéu dac diém riéng ctia Dién hod hoc céc nguyén t6 phong xa bat nguodn tir néng do

vo cling nhd clia cic nguyén t§ nay trong dung dich.

O cdc ndéng do rat nhd cin tinh dén sy tao thanh keo phong xa, su hap phu trén thanh
binh va trén cdc dién cuc, ciing nhu tuong tic cla cdc ion phéng xa vdi dung moi va voi cde on
khdc, ma thudng dén dén sy hinh thanh cdc ion phic. Quan trong hon nira 1a, vi mat do ion
phéng xa trong dung dich rét thdp, cc qud trinh dién cuc chi dién ra trén mét phdn cla bé mit
dién cyc. Ching han khi néng do nho hon 10 mol/l, trong 1 ml dung dich chi chita 10 phan tir
gam chat tan vi lién quan dén 1 cm® bé mit dién cye chi ¢é khoang 10™ dén 10 ion gam kim
loal.

Budc nhay thé trén ranh gidi gilta kim loai - dung dich vo cing loang cia chit phong xa
Ia rat nhé va trong nhiéu trudng hop o6 gid tri thip hon giita kim loai - dung dich oxi phan tu
L ]
hoac kim loai - dung dich cdc tap chét khdc.

Thé két tha cdc nguyén t& phéng xa tir dung dich vo cling lodng ciing khong thé x4c
dinh bang cdc phuong phap thong thudng nh& dudng cong phan cyc (dudng dong - the). Bai vi
hién nhién la kha nang 4p dung phuong trinh Nernst dé xic dinh thé dién cyc trong truong hgp
nay la ding ngd vuc.

Khi nguyen t6 phéng xa tén tai trong dung dich vdi néng do 16n thi lai nay sinh nhiing
di biét loai khdc. Bic xa do cdc ion phdng xa phat ra tic déng lén cac dién cuc lam nhiéu céc
qué trinh dién cyc thong thudng, anh hudng lén dung méi hodc }n trang théi clia ban than chat
phéng xa trong dung dich.

Khi Haissinsky ti€n hanh do thé dién cuc clia ciip Po/Po™ bing cach ket ta dién hod
10 - 5 gam poloni trén mot sgi platin c6 dién tich bé mat 0,03 mm?, ong di khong thu dugc keét
tha kim loai, vi poloni dugc tao thanh bj oxi hod bdi tdc dong cua bic xa do chinh né phdt ra,

ddng thoi oxit 1ai hoa tan ngay vao dung dich.
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5.2. KHA NANG AP DUNG PHUONG TRINH NERNST CHO DUNG DICH
SIEU LOANG

Phuong trinh Nernst cho mdi lién hé giita the dién cuc va hoat d¢ nhiét dong cta ion

trong dung dich va hoat do clia nguyén t6 két tua trén dién cuc:

(p:(p0+2£;Ina—' 5.0
43

trong dé: o - the dién cuc tai ranh gidi kim loai - dung dich;
@, - thé dién cuc tiéu chuan;
z - dhén tich 1on;
F - s6 Faradiy;
a,- hoat do nhiét dong cha ion trong dung dich;

¢~ hoat do nhiét dong clia nguyén to (twong ing vdi ion ¢6 mat trong dung dich)
trong pha ran.
Su xac dinh hoat do nhiét dong cha nguyén t& trong pha rin (a@,} 14 kho khin 16n vi thé it
khi ngudi ta sit dung phuong trinh Nernst & dang tdng quat (5.1).
Khi dién cuc duge 1am bang chinh kim loai dugc két ta tir dung dich, hoat do cla kim
loai trong pha ran la khong thay déi va gid tri clia nd cé thé ghép vao gid tri cha th€ dién cuc tiéu

chuin @, nghia 1a mot cach hinh thifc ¢6 thé xem @, = 1, phuong trinh (5.1) tr& thanh:
RT
=@ +—Ina (5.2)
=99 op

Khi dién cuc khong lam bang chinh nguyén 18 duge dién két ttia, dang don gian (5.2)
cla phuong trinh Nernst ¢6 thé nghiém ding néu nguyén 6 duoe dién két tha khong tao thanh
dung dich hoac hgp chat hod hoc véi kim loai diing 1am dién cuc, va k€l tia & dang nhimg diam
riéng 1€ tao thinh nhimg vi dién cuc ¢é tinh chat tuong tu véi dién cuc ma toan bo pha rin duge
lam bing kim loai dugc két tia.

Vé&i cac dung dich lodng ¢d thé thay hoat do nhiét dong ctia ion trong dung dich a, bing
nong d6 phan tich C, ta cé:

(P=(P0+—g]nC {5.3)

P8i voi dung dich siéu lodng clia chat phéng xa, khi dién cyc lam bang kim loai khic,
kim loai duge két tha chi pht duge mot phan bé mat dién cuc, ndi chung cic dang don gian (5.2)
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va (5.3) clia phuong trinh Nernst khong dp dung duge.

Tieu chuin dé dinh gia khd ning dp dung phuung trinh Nernst cho cdc dung dich siéu
lodng cla chdt phong xa 1a sy phi hop cla gid tri the dién cue can bang do duoce bang thue
nghiém véi cdc gid tri tinh todn bing phuong trinh nay trén co s cdc $0 liéu do duge vai cic
dung dich dac hon. Hang loat céng trinh thue nghiém da duge tién hanh bdi cde tic gia khic
nhau, nhung lai di dén cic két luan thudng khong thdng nhal. Haissinsky thdy rang Khi di¢n két
1a bismut (RaE), phuong trinh (5.2) nghiém ding cho 8 néng do {0 mol//. Phuong trinh
Nernst dp dung duge cho protactini dén 107" mol/f, theo Farradini, cho poloni dén 107 mol/t,
theo Nikolsky, Sinitsyna... Nhung dong thti, dua vio cde thi nghi¢m dien két tha Ag va Zn,
ngudi ta lai ching t6 rang phuong trinh (5.2) khéng dp dung duge cho cic néng dé nhd hon 107
mol/{.

Trong nhiéu rudng hop, su khong phit hop véi phuong rinh (5.2} 1a do nhimg sai 1¢ch
trong xac dinh th€ (di han ¢ nhitg dung dich sic¢u lodng, sai s3 trong tinh tdan ndng do clia
nguyén t6 phong xa vit do khong tinh dén cdc y&u 10 nhu thiy phin, tao keo, hap phu va tao

phic ciia ndé & nong do siéu fodng.

Nhimg nguyén nhin ké trén cling chua bao gém dugce 1t ¢d cde [y do din dén cic sal
lech so v6i phuong trinh (5.2). Néi mot cach 16ng qudt [, 0 ndng do siéu loding, ¢6 nhiéu y&u 18
khdc nhau din dén viéc khong thé coi hoat do cla ngoyén t6 duge dién két tia trong pha ran «,
1a hing 6 viu vi thé khong thé rit ra dang don gian (5.2) cua phurong trinh Nernst. Nhung viée dp
dung phuong trinh Nernst & dang (5.1) lai rdt khé trong thue t€, vi nhimg trg ngai trong xdc dinh
gid tri a-. D¢ khiic phuc kho khan do. Herzfeld (ndam 1913) vi Halssinsky (nidm 1957) da dé nghi

str dung phuong trinh Nernst ¢ dang sauw:

M=t +££In e
P S — A

(5.4)
trong dé: «, - hoat d& nhiét dong ban dau cta ion trong dung dich:
Aa - d6 glam hoat do nhiét dong cua ion trong dung dich do ket qua cua sir dién két tha;
ty - At - hoat do nhiét dong clia ion trong dung dich tai théi diém khao sat.

Tir phuong trinh Herzfeld - Haissinsky rdt ra rang:

1) Khéng tén tai mot gia tri the 16 han. O mdi gid trj dién thé ¢6 mot can biang duge

thiét 1ap gitta cdc ion trong dung dich va cdc nguven e trén dién cue:

2) Mbi gid tri dién the tiong tng véi mot khai luong gidi han cua nguveén 16 b két tha

trén dién cuc;
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3yKhi Aa =g, - Aa, tic 1a mot mra luong ion ¢6 trong dung dich da dién két tla thi Pip

= @y . 1C 12 gid trj ¢, khong phu thude vao néng do ban ddu cita ion trong dung dich.

Tuy nhién phuong trinh (5.4) khong phii 1& mot dinh luat nghiém ngit, né khong luon
duge nghiem ding. Tir phuong trinh (5.4) rdt ra ring thé dién cue ¢ phu thude tuyén tinh vio
In[Aa/ {ay - A TIE 56 goc tga clia dudng thang nay cho phép tinh duge gid tri cua dién tich ion

z=RT/Fga {5.5)
‘That ra nguti ta khong xidc dinh dién tich ion bing thuc nghiém dién két tha. Nhung su
tinh todn gid tri = dya vao thye nghiém c6 thé gidp kiém tra tinh ding din cia phuong trinh
(5.4). Khi nghién citu sy dién két tha poloni Iréne vi Frédéric Joliot - Curie da thu duge cdc so
liu thire nghicém sau:
¢ (V) : 0,36 0,305 026 0,12 001
Luong Po kél tia t01 da (% tuong ban diu) 2 L1 29 55 80

Xay dung d6 thi dudng thang ¢ = ({In[A¢/ («, - Aa)}} 161 tinh - theo (5.5) ngudi ta thu
duge = = 0,37. Khong ¢6 trang thdi oxi hod nio clia poloni tuong dng v6i dién tich ion nhu vay!

Ngoai ra, trong nhiéu trudng hop, ¢, 1a him 56 cfia néng do ban ddu cla ion trong dung
dich, vat liéu di¢n cuc ciing dnh hudng lén gid tri clia thé két tha.

Bién giai nhimg sai lech clia phuong trinh (5.4) Haissinsky cho rang dién ket toa 1 mot
(ua trinh phitc tap bao gém ba giai doan:

a} Giai doan khir hydrat cla cdc ion, hdp thy nang {uong khir hydrat;

b} Grai doan trung hoa dign tich ctia cdc ion gidi phdng nang lugng trung hoa dién:

¢) Gial doan lién két cha cdc nguyén tir vita hinh thanh véi bé mat dién cuc. Trong giai
doan nay <6 1hé xay ra hai trudng hop:

1) Kim loai dién két tha trén bé mat mot Kim loai khic, su lién kél véi pha ran ¢o ban
chat hap phu, giai phong nang lugng hap phu Eys

2) Kim loai két t6a len dign cyc 1am bing chinh kim loai d6, lién két vao pha ran bang

cich tham gia vao mang tinh thé cha dién cyc, giai phéng nang lugng lién quan vé& su hinh
thanh mang tinh thé £, .

Su khue hydrat va trung hoa dién tich phu thude vao ban chat cla ion, khéng phu thuoc
vao vat liéu dién cuc. Sy lién két nguyén 16 duge dién ket tla voi bé mat dién cyc lai khong
nhitng phu thudc vao ban chét cta kim loai diing 1am dién cyc ma ca vao nhitng dac diém hod -
Iy bé mat cla nd.
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Nhu di ndi & trén, phuong trinh Nernst & dang don gian (3.2) duoc nit ra trong trudng
hop kim joai két tda lén dién cyc lam bang chinh kim loai d6, tic [a ning lugng cia g doan
thtt ba (trong toan qud trinh dign két tha) la ndng lugng mang tinh the £,. Khi dién cuc khéng
1am bing chinh kim loai duge dien két tha, thy theo ban chdt vi trang thdi hod 1y cha bé mat

dién cuc, ¢ ba kha nang:

1. Nang lugng hiap phu trén bé miit dién cuc (1am bang kim loai khdc) E,, diing hdng
nang lugng mang tinh thé £, (ning lugng lién ket clia nguyén tir kim loai dién két tda vao mang
tinh thé ctia chinh kim loai d6). Trong trudng hop nay phuong tinh (5.2) duge nghiém ding,
dudng cong mo & sy phu thudce téc do dién két tua vae dién thé co dang nhu trong hinh 5.1
Ding diéu clia dudng cong niy ¢6 thé giai thich nhu sau: Trude ticn su k€t tha xdy ra tai cdc tam
hoat dong nhat trén bé mat dién cuc. Khi tang dan dién the dm cla catot, sy kEt tda xay ra
nhitng tam kém hoat dong hon. Toc do két taa khi dy tang nhanh vi mat do cdc tam kém hoat
déng cao hon nhiéu so véi cic tam ¢é hoat tinh cao. Khi dién the catot dat dén gid ui 9 do bat ky
ion nao d€n bé mat dién cuc déu phong dien dugc, 16¢ do dién két wa khong thay doi khi tiép
tuc tang dién thé catot. Trong thyc & ngudi ta thdy rang su ket tua hang loat kim loai trén dién

cuc vang tuan theo phuong trinh Nernst (5.2).

i

| -

—

Toc do phan ung

P14 han (Y
Hinh 5.1. Su phu thude toc d dign két roa vio dién the.

2. Khi £,, > E,, dién thé két tia trong thyc 1€ 5& nho hon gid tri tinh todn tir phuong
trinh (5.2), ¥i mot phian nang luong dién cin cho dién k&t tha duge cung cdp tr nang luong hap
phu. Truomg hop nhu viy quan sat duge khi két tha nhiéu nguyén 18 phéng xa trén dién cuc
platin.

3, Khi £, < E,, dién th¢ cin thiét lap dé xay ra két tha s& cac hon gid tri tinh tir (5.2), vi
mot phdn nang luong dién phai bl dap cho sy thi€u hut cha nang luong hip phy, 16a ra khi
nguyén t kim loai bi hdp phu 1én b& mit dién cue. Khi két tia cdc kim loai phong xa trén tantan

vi tungsten quan sat duge hién uong nay.
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5.3. PONG HOC CUA QUA TRINH KET TUA DIEN HOA CAC NGUYEN
TO PHONG XA TUDUNG DICH LOANG

Phuong trinh mo (@ t6e do két tita (hodc hoi tan) dién hod mot nguyén 1o phong xa tal
mot dién the da cho, do Trédéric Joliot-Curie dua ra, ¢ dang sau:
dN/dt = BIK, N, - N) {5.6)
trong dd: N - 56 nguy¢n 1 ctia nguyén 16 phong xa bi ket tiia (hoiic hoa tan) sau thii giun f;
N, - 86 nguyén tr ciia nguyén 16 phong xa ¢é trong dung dich ban dau:
b - hang s& phy thuoc vio cde diéu kien thue nghi¢m:
K, -ty s6 gilta 56 nguyén tr cye dai cia nguyen t6 phong xa ¢6 thé két tha (hoic

hod tan) o di¢n the da cho va s6 nguyén ur ban diu ¢6 trong dung dich {hoac

trén dién cye - trong tridmg hop hod tan dién hoid).

Céc duong cong dién ti sy phu thudc thoi gian cda lugng nguyén t6 phéng xa duge két

tua (hoac hoa tan) ¢é dang nhu hinh 5.2.

Cdc thi nghi¢m dugc ti€n hanh bang cich thay doi nong do nguyen 1§ phong xa trong
dung dich trong khi ti€n hanh di¢n phan cho thay ring,tai tat ca cdc néng do (nhd) duoc khao
sét, toc do kel tha vi lugng nguyén t6 phéng xa déu tuan theo phuong trinh (5.6).

Cac thi nghi¢m tién hanh vi poloni chiing to réing & néng do dung dich khong déi 16¢
do ket tia 1a khong thay déi, khéng phu thuoe vio muce do che phit cia nguyén 16 duge dién ket

tua trén bé mat di¢n cue.

40 o
s o
(]
§ o
;_5 20
3 10 0.305v
a 0.400V
- .

0 2 4 6 8

Thdi gian, h

Hinh 5.2. T8¢ dé két tha trén catot clia poloni & nhitng (h€ catot khdc nhau
(so sdnh vdi dién cug calomen).
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CHUONG 6

TRANG THAI CUA CAC PONG VI PHONG XA
3 NONG PO SIEU NHO

Trong tu nhién cdc déng vi phong xa ton tai g cdc néng do siéu nho. Trong cdc bién doi
hat nhan cling thudng hinh thinh nhiing hé chida cdc dong vi phong xa vdi nong do rat nho. Tinh
chal cha céc déng vi phong xa trong cdc hé niy chiu dnh huong cia trang thdi hod ,¥ ctia chiing

nhu do phan Ldn, kich thude hat, trang thai oxi hod, vi i trong mang tinh thé ciia pha rin...

6.1. TRANG THAI CUA CAC PONG VI PHONG XA TRONG DUNG DICH

Trang thdi cla cdc déng vi phong xa trong dung dich duge nghien ciu rat som. Nam
1912, khi nghién ctru su thity phan dung dich mudi nitrat trung hoi ctia cdc nguyén 6 RaD, Rak
va RaF, Paneth nhan thdy ring RaD c¢d thé di qua cdc mang bin thim, con Ral va Rak thi
khong. Khi kiém hod nhe dung dich thi RaD khong di qua duge cdc ming ban tham nita. bicu
dé ching 16 ring RaE va Ral’ keo hod ngay trong dung dich trung hoa con RaD chi chuyén sang
thé keo trong moi trudng kiém. Nghién ctiu di¢n di cdc dung dich trén, Godlewskn cing dua ra

két luan tuong ty.

Trong hang loat nghién ciu 1€p sau ngudi ta di dén khang dinh ring. khic v&i trang thdi
ion thuc, nhiéu nguyén t6 phéng xa 1ao keo wong cdc dung dich si¢u lofng. Trang thai keo dd
quan sat duge trong cic dung dich nong do 10”M cia poloni, thori, plutoni. berili, magie, bari,

stronti, lantan, yiri, titan, zirconi, thide, chi, niobi, bimut, paladi...

6.1.1. Keo phing xa

Dau tien Paneth cho ring muéi bi thily phan thanh hydroxit, khi dat dén tich s tan. cdce
hydroxit két tda (h¢ keo. Tuy nhién, rong ral nhiéu truding hop, keo duge hinh thinh & nhimg
néng do ral xa méi dat duge tich s6 tan thip so voi tich 6 tan cua hydroxit tuong ng. Ching
han. trong dung dich amoniac 0,003M, ThB, mét ddng vi cha chi, tao thanh keo khi néng do cua
né chi bing 107"M, tic 1a con rit xa méi dat dén tich & tan 107" cla chi hydroxit. Bitmut
hydroxit ¢6 tich s& tan 1077, ¢ pl = 4 (ndng do ion OH bang 10™), tich s6 tan nay dat duge khi
néng do ion Bi™ 1én 6i 10'M. Nhung keo Ral? lai xudt hien ngay khi nong dé Bi* chi la
10"M.



Godlewski cho ring cdc dong vi con cia sy phan rd phéng xa ¢6 tich dién va trés thanh

1am ngung ty dé 1ao thanh cic hat keo.

M. Curie va Zsigmondy dua ra gia thuyét vé sy tao thanh cdi goi i keo gia cha céc
nguyen 6 phong xa. Thé keo gid duge hinh thanh do su hip phu cdc chat phéng xa cla phimg
hat tap chat c6 kich thude 16n so vdi kich thude cde ion, hoac do cde thé keo ciia céc tap chat,
chang han keo axit silicic thutmg c6 mat trong dung dich. Thuy¢t keo gia duge hiu thuin bdi cac
thuc nghiém tdch cdc chat phdng xa bang loc, ly tam hoac siéu ly tam cdc dung dich. Khi dung
dich duge pha ché€ bang nude dac biét tinh khiét, phin chat phdng xa tach ra giam di rd rét so vdi
trudng hop nude thong thudng (xem bang 6.2). Tuy nhién, su hinh thanh keo phéng xa (thuc)
trong nude tinh khiét ciing khong thé hoan toan bd qua duge. Dit dung dich trung hoa cia poloni
dugc pha ché bang nude tinh khiét, khi tang néng do phén tich ra khi loc hoic ly tdm van ting

lén chifng & ring sy hinh thanh ciia c&c tiéu phan kich thuéc 16n ting 1én theo ndng do.

Ciing lai ¢6 nhiing bing ching cho thay ring quy luat trén c6 nhidu ngoai é. Khi ly tam

dung dich poloni trong axit nitric & pH = 4, phén tach ra duoc lai giam di khi nong do tang.

Chac chan rang sy hinh thanh cd keo gia 1in keo thuc déu 13 ¢6 kha nang. Trong nhiing
diéu kién nhdl dinh c6 thé chi xuat hién mot loai nao do, nhung trong nhiéu trudng hop 1a hdn
hop cua ea hai.

6.1.2. Cac yéu t6 anh hudng dén trang théi cua cic nguyén té phong xa trong dung dich
6.1.2.1. Anh hudng cia pH

Trong méi trudmg axit manh, cdc nguyén 16 phéng xa tao thinh cac dung dich thuc. Khi
do axit giam dan, & moi nguyén to, su hinh thanh keo bit diu xay ra tai mot pH nhit dinh. Cac
kim loai kiém v2 kiém thé khong tuan theo quy luat nay, ching chi tao thanh cic dung dich
thyc. Nhi€u nguyén 16 nhém IT1 bat ddu tao keo & pH = 7, nhém 1V va VI & pH = 4+5 va nhém
Vo pH=1+2.

Su tao keo ¢6 thé lién quan véi sut hinh thanh cic hydroxit khé tan. Trong nhiing trudng
hop dy, gid tri pH & d6 bit ddu xu4t hién trang thdi keo duoc cho boi phuong trinh:
1 1 .
pH = ; [CIg L]\‘]C(OI']}“ - [Og Kl [10 - ; Iog[Men+J (6 1)
trong do:  » - s6 nhém hydroxyl ¢ trong phan tir hydroxit;
Lyyciom - tich s8 tan cia Me(OH),,;
K120 - tich s& ion cfia nude:
[Me™] - nong d0 ion phéng xa trong dung dich.
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Hinh 6.1 mo td sit phu thuoe pH ciia phdn keo phéng xa hinh thanh, c6 thé tiach ra dugc

nhér loc hoac 1y tam.

Trong ving nim gilta hai trang thdi gid1 han (irang thal hoan foan tao thanh keo

hydroxit vi trang théi ion thuc) ¢6 su tao thanh cac san pham thuy phan.

10

0.8
0,6

04

Phan Zr tach ra duéi
dang keo

0.2

_._

Hinh 6.1. Su phu thuée pH cia phan nguyén 16 phong xa tich ra dudi dang keo .

6.1.2.2. Anh hudng ciia cdc chdt hoa tan khdc trong dung dich

1) Anh hudng cuia cdc ion tao thanh hop chat kho tan voi dong vi phong xa

Str c6 mat trong dung dich nhiimg ion tao thanh v61 nguyén 16 phong xa cdc hop chit kho

tan 1a mot trong nhimg diéu kién ca ban dé hinh thanh cdc dung dich keo thye. Céc ion hydroxyl

tao thanh véi nhiéu nguyén t& phong xa cdc hydroxit va cdc mudi baza khd tan ¢d vai 1ro déc

biét quan trong trong sit hinh thanh nhiéu dung dich keo phong xa. Ching han khi dua natri

hydroxit vio dung dich ThB, lugng keo hinh thanh iang lén khi tang nong do kiém cho tdi

0,02M. Khi ti€p tuc kiém hod, keo clia cdc hydroxit Judng tinh s¢ tan din (bang 6.1).

Bdng 6.1. Anh hudng cila ndng d¢ tdc nhan tao thanh chat khé tan va tdc nhan tao phic vl ThB duge dura
vio dung dich 1én syt tao thanh keo phong xa

Néng do tic nhan dua va
dung dich {mol/l)

Luong ThB tich ra duyc khily
tam (%)
Tic nhan tao phirc natri xitrat

Luong ThB tich ra duogc khi
by tam (%)
Tic nhin natri hydroxit

0 17.6 21,1
10 16.4 -
107 6,4 40,6
107 6,7 81.1
10" 1.3 838

1 0.5 -
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2) Anh huéng coa cac chat tao phiic

Khi tao phitc v&i cdc nguyén t8 phéng xa, cdc chat tao phic lam gidm ndng dé ion tur do,
phd v can bang giita cac hat keo va ion tv do trong dung dich, giai hdp cic ion phéng xa khoi
keo (trong trudng hgp keo gia), dan dén phd huy keo phdng xa. Chang han poloni tao phic
PoCl¥, véi ion clorua, vi thé khong tao keo trong dung dich khi ¢6 mét 1on nay. Khi ¢ mat ion
Xitrat tao phitc v6i déng vi chi (ThB). phan doan keo tich ra duge khi ly rtam gidm di £ ret (bang
6.1}

HCl

dang keo
)
L]

Phan déng vi phong
xa namd

o

e

(MERY
S5 4 3 2 10 logic
Hinh 6.2. S\ thay d6i phan doan keo (tdch duoc nhé Ly thim) ctia ThB (*"*Pb) vd ThC (*""Bi)
khi thay déi néng do cdc chat dien giai trong dung dich.
————— ThB: ——ThC
3) Anh huéng cia cac chat dién giai
Cac chat dién gidi c6 thé 1am thay doi dién tich cdc hat keo va vi thé Jam thay doi khong
chi tinh chat cia cdc tidu phan nay ma c4 phan doan keo c6 thé tich ra duoc nho ly tam. Tuy
nhién cic anh huong nay dién ra theo nhimg quy luat phifc tap (hinh 6.2).
4) Anh huéng cua cse tiéu phan la
Khi trong dung dich cé mat céc hat tap chat, thutng ¢ kich thude 16n so véi kich thude

ton hoac phan i, cdc ion phong xa bj hip phu trén bé mat cic hat nay tao thanh thé keo gia. Khi

dung moi duoc tinh ché k¥ ludng, su tao keo gia giam di 1o ré1 {biang 6.2).
5) Anh huong cua dung moi

Sy hinh thinh keo phong xa thudng duoc nghién citu trong dung dich nude. Cic ket (ui
nghién ctru véi cdc dung méi khdc ¢6 rat t. Chang han, trong nhimg diéu kién nhdt dinh, ngui
ta thay rang céc déng vi ctia bitmut (RaE) va chi (RaD} tao keo trong dung dich nude, ruou

etylic nhung khong tiao keo trong dioxan va axeton.
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6) Anh hudng cta thoi gian

Kich thudc cic hat keo phong xa tang din vdi thoi gian, vi thé phan doun nguyén 18
phong xa tich ra duoc khi loc hodc iy 1am ciing tang 1én theo thdi gian. Tir dung dich polont
10”mol/! méi duoc hoa tan trong HNO, chi tich ra duge 35% poloni khi ly tam, nhung sau 45

nngay. phiin tach ra duge 1én t6i 71%.

Bang 6.2, Phin doan ddng vi phong xa tdch ra durge nhi sy 1ao keo phong xa khi hod tan ddng vi bing
nude tinh khigl va nude thudng

Phin doan tich ra duoe nhi tao keo phéng xa (%)
Dong vi Dung dich pha véi Dung dich pha voi Dl{ng (:h‘:h pll“ Ym
) _ B L o nude tinh ché bang
nudc chua tinh ché nirde tinh ché bing loc .
Iy tam
ThB 39.4 28
379 - 15.6
48,0 16.0
ThC 87.6 - 30.5

»

6.2. TRANG THAI CUA CAC PONG VI PHONG XA TRONG PHA KHI

Trong cdc cong trinh thuc nghiém nam 1906, M. Curie nhin thdy ring cdc san phim
phin rd ciia radon trong khong khi agung tu thanh sol khi va ¢ thé roi xuong do tdc dung cua

trong huc.

Céc sol khi hinh thanh manh hon trong méi tridng ctia cdc khi va hoi phan cyc (khi
HCI, hoi nude..).

Céc dong vi phong xa ¢6 mit trong khong khi khong phai chi do su phan ré clia radon,
ma con do s bay hoi cia cdc chat phéng xa, sit chung cat, dun néng cdc dung dich va cdc xir 1y
hod hoc khic véi chdl phdng xa. Nhiéu phan tmg hat nhiin xdy ra trong khi quyén sinh ra cic
hap chat chita *C va "H. Do hiéu dng giat I, cdc phan rd hat nhan xay ra trong hé ngung tu
ciing ¢6 thé din dén su xudt hién cdc chat phéng xa trong khong khi. Mot nguén quan trong tao

ra cidc chat phéng xa trong khong khi 12 cic vy né hat nhan.

Céc chat phdng xa ton tai trong pha khi hoac & trang thdi phan tdn phan tit hodc dudi
dung cdc sol khi.

Cac phuong phidp nghién cttu trang thdi cla cdc chat phéng xa rong dung dich nhir ly

tam, siéu loc, hap phu, tu ghi phdng xa, khuéch tén, dién hod hoc, sa ting, hién vi dién tlr... ciing
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sir dung dé nghién ctfu chat phéng xa trong pha khi.

Trong da s6 trudng hop, cde cong trinh nghién ciu chi ra rang, sol khi phéng xa la tap
hop cac nguyén tir hoac phan tir chita nguyén t6 phéng xa, dugc bao quanh boi cic phan tir ¢é
cue, 6 mit trong pha khi cling v6i nguyén t6 phéng xa. Tuy nhién cling ¢6 khi sol khi ducc hinh
thanh do sur hdp phu cdc phan tir (hoac nguyén wr) chat phéng xa trén cic tiéu phan khdc ¢ mat
trong pha khi.

Do phén ri phéng xa va hién tuong giat 1bi cdc hat sol khi giam dan kich thude va mat di
theo thai gian.

Giong nhy trong dung dich tong, & pha khi, cic hat sot khi va céc nguyén tir phdng xa bi
tich dién. Chinh sur tich dién lam cho ching bi w lai trong dién truong. La san pham phan ra
phéng xa cla radon va cac déng vi con chiu cila né, cic dong vi phéng xa cla poloni, bitmut.
chi va nhitng nguyén (6 khdc dugc hinh thanh & trang thdi tich dién va bt tip trung chu yéu trén

catot cua nguén dién mat chicu.

6.3. TRANG THAI CUA CAC PONG VI PHONG XA PHA RAN

Cédc dong vi phdng xa hinh thanh do phan ri phéng xa hoac phan ng hat nhan trong vat
the rén ndm & c4c ndt mang hoac trong khéng gian gilta cac niit mang, (Am xudt hién cic khiém
khuyet tinh thé. Cic nguyen tlr ctia nguyén t5 phéng xa ciing nim-trén bé mat tinh thé hoic

trong cdc 16 x8p trén bé mat.

Nhitng di biét dia hod hoc ciia cic nguyén 16 phdng xa va sy di cif clia ching trong tir
nhién lién quan vdi vi tri cta cdc nguyén tir chat phéng xa trong mang tinh thé cia pha rin.
Trong cdc khodng urani va thori,cdc nguyén tlf urani va thori nim & cdc niit mang, trong khi cic
dong vi phéng xa con, tifc 1 cdc san pham phan rd cia urani va thori nhir cic ddng vi clia
protactini, actini, radi... lai ndm & ngodi cdc nit mang, vi the d& bi rira toi va di cu sang noi

khdc. Sy tu birc xa clia urani va thori ciing gay ra sy phd hily mang tinh thé clia ching.

Cédc dong vi phéng xa hinh thanh trong vat thé rin do cdc phin tng hat nhan cé cic
trang thdi hod hoc khdc nhau va chi€m cdc vi tri khdc v6i vi tri ma cic nguyén tir diing 1am bia
da chi€m trude day.

D¢ nghién citu trang thdi clia cdc chadt phéng xa trong vat rin, wudc 1icn ngudi ta hoa
tich ching khoi chat ran réi sau dé tim hiéu cic dang hgp chil vi su phan bs ham tuong cua
chiing bang cdch sir dung cac phuong phdp sic ky, dién di, k¥ thuat chat mang, sir dung hiéu \ing

Moessbauer. ..
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6.3.1. Phuong phap hoa tich

Phuong phdp nay duogc sir dung rong rai d€ nghién céu cdc khodng urani va thori. Dung
dich hoa tach trudc tién gidi hip cdc déng vi con chdu (phan bd chu y&u wén bé mat pha ran) ra
khoi pha rén, ma khong tic dung véi déng vi me. Cic déng vi me chi chuyén vao dung dich khi
mang tinh thé bi phd hay, tic 1a khi phin vat chdt chl y&u cta pha rdn bi hoa tan. Nhimg dung
dich khong ¢6 kha nang phd hlty pha ran thudng khong ¢6 hiéu suat ho tich ding k& déi vai cdc
déng vi me. Chang han, khi hoa tdch monazit bing dung dich KCl hiu nhir chi déng vi con ThX
bi hoa tach con U, Th hdu nhu khong (hinh 6.3).

Hoa tich bao gém su khir hdp phu clia cdc ion tir bé mit cia cdc tinh thé. Biéu do gidi
thich tai sao dung dich nude ena cdc mudi hodc axit chita ion hydrat cé ban kinh nho va dién
tich 16n lai thudng c6 hién qua hoa tich cao. Cdc nguyeén tir ndm sau trong tinh thé, hoac trong
cic kéenh mao dan hep phai khuéch tin dén bé mat tinh thé trudc khi di vao dung dich. Qud trinh
nay chiu anh hudng manh ctia nhiét do. Khi hoa tach trong hé dong (khong trac doi chét véi bén
ngodi), ndng dé ion phéng xa trong dung dich ting din 1én, sy giai hdp cic ion phéng xa khoi be
mit chit ran s& dimg lai khi dat dén can bang. Ldp dung dich nim tai ranh gigi phan chia iong
rin ¢6 néng do chat phéng xa cao hon so vai toan khéi dung dich din dén can bing cuc bo, cin

trd su hod tan ti€p tuc. Sy khudy tron sé san bing néng do trong 1oan khéi dung dich.

Nhur thé hiéu svat hod tdch phu thudc va thanh phin dung dich dilng dé hoa tich, vao
nhiét do, vao toc do khudy tron va sau mot thdi gian can thiét s& dat duge gid tri cuc dai khi hé
dat dén can bang. D€ tach hoan toan céc nguyén t6 phéng xa ra khoi pha rin ¢6 thé tién hanh
hoa tdch trong hé mé, tic 13 dung dich hoa tach lién tuc di vao binh phan ing va van chuyén cic

chit duge hoa tan ra ngoai, hodc thuc hién qué trinh hoa tach nhiéu bac.

1.2
..
08 . / /
S 04
3 U Th
39" L .
01 05 10 2,0 30
[KCI], M/

Hinh 6.3. Hoa tich U, Th va ThX tir monazit bang dung dich KCL
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6.3.2. K¥ thuat chiat mang

K¥ thuat chat mang duge skt dung pho bién d€ nghién ciiu trang thdi hod hoc cia cédc
dong vi phéng xa trong dung dich. D 4p dung k¥ thuat ndy, cdc chat phdng xa nim trong chat
ran ciing phii ho tich thanh dung dich,

Trong k¥ thuar chit mang, ngudi ta dua vio dung dich chita nguyen t6 phéng xa nhimg
hop chat gidng véi cdc hop chat phéng xa duge dy dodn 14 ¢6 mat trong dung dich. Cic chit dua
them nay, goi la chat mang, ¢6 thé chia déng vi bén ciia nguyeén 16 phéng xa cd trong dung dich,
hodc chita dong vi bén cha mot nguyen & khdc ¢6 tinh chat hod hoc trong wr vei nguyén (6
phéng xa khao sdt. Cdc chat ¢6 trong dung dich sau dd duge phéan lap bing cic phuong phip

quen thude nhu ket tha phan doan, sic ky, chiét, dién di... ré1 dinh lugng biang do phong xa.

Vi dy nhu dé nghién citu trang thdi hod hoc mot dong vi phéng xa cia luu huynh trong
dung dich, ngudi ta dua vao dung dich cdc chdt mang £ Na,S, Na,SO., Na,SO, chira dong vi bén
cua luu huynh réi két ta phan doan dé tich cdc ion 7, SO,%, SO.2 ra khéi nhau. Cdc chil da
phan 1ap dugc dem do do phong xa. Néu cudng do phdng xa tdng cong ctia cic chat tich ra bang
cuong do phéng xa ciia dung dich daw, lun huynh phéng xa chi ton wi trong dung dich dudi
dyng cdc chdt da cho. Su so sdnh cdc cudng do phong xa do duge & mdi loai két toa cling cho

phép xdc dinh ty 1é khat Tugng clia méi loai hop chat.

Khi nghién ciru cde dong vi & trang thdi ran bang k¥ thuat chat mang, ngudi ta bude phai
hoa tich thinh dung dich. Phdn tmg gifa cic hop chat clia déng vi phong xa véi dung dich hoa
tach c6 thé lam thay d6i trang thdi hod hoc cia déng vi phéng xa. Trong nhiéu trudng hop, ¢é

thé xay dung nhitng quy trinh hod tdch thich hop nhim trédnh cdc phin ting nhu vay.
6.3.3. Ung dung hiéu dmg Moessbauer

Sur ting dung hi¢u (ng Moessbauer cho phép xde dinh tryc tiép trang thdi clia déng vi

phong xa trong pha ran ma khong cén hoa tach thanh dung dich.

Hi¢u tmg Moessbaner difa trén co so clia hién wiong nhitng luong t v phit ra tir mot
ngudn phong xa bi hdp thu cong hudng bdi mot chat rin chia ciing hat nhan nguyén tr voi
nguén. Trong do phd Moessbauer, hat nhan phat tia y goi k¥ nguén, hat nhan hap thu goi I hat
nhan Moessbauer, ca hai tao thanh mét cip Moessbauer. Thi nghiém Mocssbauer diu tién dirce
tien hanh véi ngudn 1a ™'Os v hat nhan hap thu (hat nhan Moessbauer) Ia "'Ir . Khi phan 3 §,
hat nhan ™'Os bién déi thanh hat phan *'Ir vi, khi chuyén tir trang thdi kich thich thir nhat vé
trang thdi co ban, phét ra bic xa y ¢6 nang luwong 129 keV. Cic hat nhan Moessbauer "™'Ir hap
thy cong hudng cdc chum y nay va chuyén sang trang thdi kich thich thir nhat ¢é thdi gian bdn

huy 0,13 ns, 161 khi chuyén v¢€ trang thdi co ban lai bidc xa vio moi trudmg xung quanh cdc tia Y
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¢6 ning luong 129 keV. Su giam cudng do biic xa y clia nguén (do hdp thy cong huong cua cdc

hat nhan Moesshauer) duoc do boi mot detecto.

Cic electron 16p bén trong clia nguyén tr twong téc véi hat nhan, anh huong én céc
mife nang hrong cia hat nhan va vi thé 1én nang lugng céc tia y duge phdt ra hoac duge hip thy
cong hudng. Tuong 1dc cua electron voi hat nhan fai chiu dnh hudng cla cic lien ket hod hoc
trong phan tir, Mét bic xa 7 hip thy cong hudng bdi cic hat nhan nam wrong mét lien két hod
hoc ndy ¢é nang hrong khic cht it so vdi chinh hat nhin d¢é niim trong mot phan (i €6 cau lao
phén tir khdc. Sir thay doi nay thudng c6 gid tri rdt nhd, ¢6 khi chi vao ¢& 10" nang luong biic
xa v, nhing ¢d thé do duoe. N&u hat nhan ding lam ngudén va hat nhian hap thu nam ¢ cdc trang
thdi hod hoc khic nhau, cic mic nang lugng hat nhan cia ching khdc nhau mét fuong AE, .
Mudn ¢6 hap thu cong hudng, ngudi ta cho ngudn chuyén dong vai van tée v dé bi€n doi nang
luong chiim v nhés hiéu ting Doppler, sac cho sy sai khdc nang lugng AE, duge b trix. Theo cdch
dé, phe Moessbauer clia mot hop chit nay duge so sanh véi mot chat chudn dura vio su thay doi
van t8¢ di chuyén v cla ngudn. Vi tri xudt hién cue dai hip thy (theo sy thay doi van 16c di
chuyén ngudn) dac tnmg cho mdi hgp chat, goi 1a do dich chuyén déng phin & (mm/s) (xem s

dd thi nghiém Mocessbauer trén hinh 6.4).

Nguén Chat hap thy Detecto
U\fﬂw{‘rﬂmﬂvﬁ
AR

Tde do dém

Duong hip thu cong huong

"V 0 *Vv
Téc do tudng doi V
Hinh 6.4. So dd thi nghiém Moessbauer.

Po dich chuyén dong phin phu thude vao tuong tic don cire dién gilta cdc electron trong

nguyen tir. Nhitng trang thdi oxi hod khdc nhau, sy ¢é mat cdc phdi tir khdc nhau trong phan
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déu dan dén nhitng thay ddi khic nhau gid tri cia do dich chuyén déng phan 8. Tuong tdc it cuc
dién va ludng cuc tir giffa cdc electron va hat nhan déu bién doi niang lugng chum y nhing lugng
tuong tmg AL, va AEy, , vh do d6 vi trf cla cue dai hap thy. §, A\, v AEy cung cdp cdc thong

tin vé cic lien két hod hoc va cau triic phan tir.
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CHUONG 7
CAC NGUYEN TO PHONG XA TU NHIEN
7.1. DAl CUONG VE CAC NGUYEN TO PHONG XA TUNHIEN
VA NHAN TAO

Nhur di trinh bay ¢ cdc chuong trude, mét nguyén to duge goi 1a nguyén 16 phong xa
néu tit ca cdc dong vi cia nd déu 1a déng vi phong xa, khéng ¢6 déng vi nio 1a bén. Theo dinh

nghia &y, ngdy nay, trong 0 109 nguyén 16 ¢ biél, ¢6 28 nguyén td phong xa.

Nhitng nguyén t6 phdéng xa co trong ty nhién vdi ndng do ddng ké goi la nguyén 6

phong xa ty nhién. Ngudi ta d& tim thady 9 nguyén 16 phong xa ty nhién, duge liét ké trong

bing 7.1.

Bdng 7.1. Cac nguyén t6 phong xa 1y nhién.

Dicn Tén va ky Bong vi sén Ngudi va nam
tich hat hiéu hoa 5 V1 song B va Pac diém quan trong
. dai nhat phat minh
nhan hyc
Poloni “"Po 1898 o .
84 (Po) (102 nam) P & M. Curie Vé mat hod hoc giong tellu
" 21 1940 . . . ) L
85 ?:td]t (8 lA}ri) Corson, McKenzie "Cl"&;c,){:én;fmhggilog en. G dang don
‘ & Segreé Y
Radon “*Rn 1900 .
80 (Rn) {3.62 ngay) Rutherford, Soddy Khitrg
%7 Franxi Er 1939 Kim loai kiém thé, v& hod hoc rat
(Fr) {22 min) Percy giong Cs ]
28 Radi R, 1398 | Kim loai kiém thé. vé hod hoc rat
{Ra)} {1600 nam) P.& M. Curie gidng bari
39 Actini A 1899 Vé mat hod hoc gidng lantanit,
(Ac) {21.6 nam) Debierne tinh bazo manh hon
T Thueng chi the hién hoa tri (IV),
Theri o 1828 Tao ra nhiéu phidc chat. Th** thuy
o0 (1.41.10 - . O .
(Th) _ Berzelius phén manh, v& mat hod hoc giéng
nam) Ce™. Zr*, HE™,
1917 Chil y&u ¢ s6 oxi hod (V). ion
91 Protactini N Hahn & Pa™ bi thuy phan manh trong dung
(Pa} (3.28.10" nam) . dich. 1ae phitc manh, hinh thanh
Meitner K )
eo phong ~a.
Thé hién cdc s& oxi hod tir ([1) d&n
9 Urani 2 1789 (VD (uu tién hod tri (V). 1ao thanh
(U {(4.47.10° nam) Klaproth cdc ion U, UO," va UO,™ wrong
dung dich.
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Nhimg nguyén t6 phong xa khong ¢é trong ty nhién véi ndng dé ding ké, ma duge didu
ché nh&s cic phan ting hat nhan, goi 1 nguyén t6 phéng xa nhan tao. Hién nay da bist 19 nguyén
t6 phong xa nhin tao, d6 1 nguyén 16 techneti (Z = 46), promeli (Z = 61) va cdc nguyén 1 sau
urani (£ > 92).

7.2. CAC NGUYEN TO PHONG XA TUNHIEN

L

Céc nguyen 6 urani va thori da duge cdc nha hod hoc biét tir 1au trude khi phit hién ra
hi¢n trong phéng xa. Ching c6 mat trong nhidu loai quing. dat dd, nudc song bién, co thé dong
thue vat. Mot s dong vi cua urani va thori ¢6 thoi gian ban huy dii dén mic [a ching di ¢6 mat

rong vo Trai Dat tir khi qua dat hinh thinh cho dén tan bay gié.

Cdc déng vi clia urani va thori 1a cdc dong vi me clia ba ho phdng xa: ho thori, ho urani-

radi va ho actim (Xern bing 1.3, chuong 1).

Do nhig ran v& cia vo Trdi Pat va quad trinh phong hod, cdc nguyén t8 phéng xa di
chuyén di noi khic va cdc can bang phong xa bj vi pham. Cic nguyén 6 phdng xa tdch khéi din
da chita cdc nguyén 16 me - urani va thori. Cc nguyén 16 phong xa ngdn ngay nhanh chéng bién
mdt, chi con laj cidc nguyén 16 phong xa dai ngdy nhu *“"Th, *"Pa vi **Ra. Nhung cic nguyén
(6 dii ngay nity tao thinh nhing the sa lang thit cap, chang hat cic 16p sé1 mhu xam va cdc bimn

lang trong hé nude chita radi.

Radi ¢6 mit trong dat, nude song vi nude bién. Do sy hi¢én dien rong rai cia Ra trong (r
nhién, cdc hé nude vi khi quyén déu chia cic sdn pham phan ri ciia nguyen 6 nay nhu: radon,
thoron va actinon. Cdc san pham khic ca sy xa khi nhu cdc déng vi ctia tali, chi, bitmut, poloni

vawastatin, on tai & trang thdi bui trong khong khi hoic hoa tan trong nude.

Cic nguyén 16 phéng xa tur nhién chuyén tr dit vao thuc vat vi sau dé vao co thé dong
vat. Ham lugng urani trong cay c6i khodng tir [0 dén 1079, ctia radi khoang 1072%. 11am

luong radi rong co thé dong vat cling chimg 1077°%.

Nhiing nguyén t6 thuéc cdc ho phéng xa, va vi thé ¢é trong quang urani va thori, ¢6

nguyén tir $6 naun tong khoang 85-87.

Ngoal urani. thori va cdc san pham phan rd cta ching, trong wr nhién ciing 1én tai cic
dong vi phdng xa khac nhy cic dong vi phong xa cita Kali, canxi, rubidi_ (xem bang 7.2.). Vi
the nhien nguyen 6 hod hoc thé hién tinh phéng xa. Ham luong cita cic nguyén (6 nay trong vo
Trai Dat vao khoang 0,19%. Ciing vi vy trong cay ¢8i va co thé dong vat. ngoai urani, thori, radi
vii cde san pham phan rd cua ching, con ¢6 cdc nguyen 16 phéng xa khac. chang han mot lucng

ding ké dong vi K.
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Bdnyg 7.2. Cic dong vi phdng xa tr nhién cua cde nguyen t6 khong thude cic ho phéng xa.

% dong vi % dong vi Dan
Pong vi trong Thot gian Dang Dong vi trong Thai gian h“%
gV nguyén to han huy phan ra &Vl nguyén 6 | ban huy pr;
tu nhién tir nhién
9K | 00119 1.31.10" B 'BLa | o089 7.10 o
S5Ca 0179 | 210" B ' Ce 117 5.1.10'" o
30 s Bit (44 5
Y 0.24 >3.10 slectron L Nd 23.87 5.10 B
87 - I . 150 m .
37 Rb 27.85 6.16.10' B oo Nd 5.60) 5.10' B
9% 3 B 147
102t 2.80 6.2.10" B caSm 15.07 6,7.10 ' o
(13 _ 176 - , .
12 Cd 12.30 =2.10" p 21 Lu 2.60 2.4.10" B
13 “hoac
In B hoa
49
4.23 > 10" Bat 180 . L 10" bat
electron 73 electro
n
Hom 95.77 6.10% B Wiw | o126 | 22107 a
12350 6.11 1.5.10" 5 iRe 62,93 4,100 B
12 Sn 42.75 > 10 03 1 Py 0.006 5.10" ?
173 ... 3 Bit 192 s 5
55 Te 0.88 > 10 electron 4y Pt 0.78 ~ 10 :
o Te 34.11 |.4.10" 3 A Bi 100 2.7.10" a

7.3. CAC BONG VI PHONG XA LA SAN PHAM CUA CAC QUA TRINH
HAT NHAN DIEN RA TRONG TUNHIEN

Ngoai cdc qud trinh phan rd phong xa tao ra dong vi thudce cic ho urani, actino-urani vi
thor, trong tr nhién con dién ra nhiéu qud trinh hat nhan din dén sy hinh thanh cdc déng vi

phéng xa.

Hinh tinh ca chiing ta, cdc thién thé khdc cting v6i khong gian vii try ¢6 thé xem 13
mot phong thi nghiém dic bigt, & d6 ludn dién ra vo s8 ¢dc phdn dng hat nhan véi sir tao thanh
nhiéu déng vi phéng xa.

Cdc tia vU try tdc dong lén khong khi (hdn hop nito va oxi) ¢6 thé kich hoat hat nhan
nguyén tu cua ching ma két qua 1a xudt hién cdc notron nhanh. Notron ban phd cdc hat nhan
nito tao thanh déng vi "*C do phan tng "*.N(n, p)"*,C. Qud trinh dy tao ra mot lwong 16n "*C trong
khi quyén.
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Cac nguyen tir Iui duge hinh thanh cta “C wrong tic véi oxi 1ao thanh cacbon dioxit ¢6

chia cacbon phéng xa. Thai gian bdn huy ctia "*C 1a 5760 nam.

Trong nhi€u theé k¥, cudng do clia cdc tia vii try hi¢n nhién khong hé thay ddi. Cacbon
dioxit lién tuc duoc tao thanh véi téc do khong doi trong khi quyén. Sy phan ra "*C trong CO,
cling dién ra véi t6c do khong doi. Két qua 1a CO, trong khi quyén chita mét ty 1é bat bign CO,
phong xa. CO, nay duge cay c6i hdp thu khi quang hop lam cho ham lugng cacbon phéng xa
trong mé thyc vat, va do dé trong co thé dong vat va con ngudi an céc thuc vat dy, ciing khéng
doi.

Khi cdc notron nhanh, xuit hién do tdc dung cla cdc tia vit try, trong tic véi hat nhan
nguyén tit nito ciing c6 thé gay ra cic phan dng hat nhan tao thanh triti, mot déng vi cia hydro,
cé thoi gian ban huy 12,3 nam:

IJ‘_.‘N + l“n 5 JlﬁC + ]lH.
Trén cdc ting cao clia khi quyén con xdy ra cdc phin tng hat nhan khéc tao thanh triti:
i(n, y)'H va Heln, py'H .

Tritt k€t hgp véi oxi tao thanh nude va cling bi dong thue vat hdp thu.

Nhié¢u dong vi phéng xa ciing xuat hién trong v Trii Dit do céc phan tng hat nhan dién
ra dudi tac dong cua cdc hat o sinh ra khi cdc nguyén 18 phong xa e nhién phan ra. Ching han
sy tao thanh **Na tir flo do phén iing “F(e,ny*Na. Mic di s6 phan ting hat nhan dién ra trong vo
Trdi Pt 1a rét 16n, luong cdc déng vi phéng xa tich lu§ trong vo Trdi Pt vén 1a cuc k¥ nhd.

Tuong téc cha hat anpha vdi nhiéu nguyén t6 ( nhu oxi, flo, clo, berili...) céng din dén
sy phit xa notron, chang han do cdc phan ting: "O(a, n)*'Ne, "Be(a, n)'’C. Vi thé cde nguyén 6
phéng xa o nhur urani, theri cling 12 nguén ty nhién sdn sinh notron.

Su tr phan hach trong ty nhién cla **U véi thdi gian ban huy 1015 nam ciing phat
notron.

Notron tdc dung véi tdt ca cde nguyén t6 hod hoc 10 thanh cde déng vi phéng xa. Tuy
nhién phin 16n cdc déng vi ndy 6 thai gian s6ng ngan va khong tich luy trong vo qué dat. Chi
c6 mot vii dong vi san sinh do tuong tdc nay ¢6 thoi gian bdn huy dai duge tich duy lai nhy triti,
san pham twong tdc clia notron véi doteri: 2H(n, y)*H. Triti rong vé Trai Dat cling duge hinh
thanh do tuong téc clia notron v6i cdc hgp chit chita hat nhan liti: *Li(n,c0) “H.

Tuong tdc cling ctia notron véi urani 238 lai tao thanh plutoni 239 ¢6 thai gian ban huy
2,411.10* ndm va tich u¥ trong quang urani:
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B B

2.‘-NU{n' Y}E:“)U E‘UNP ) E‘llpu.
23, 5min 2.35min
Tuong tic giita notron vi hat nhan >™U ciing din d€n sir hinh thanh dong vi neptuni
27Np c6 thoi gian ban huy 2,25.10° nam, ma t¥ 1 clia né so v6i *“Pu co thé 1én 161 0,1% :
B

U, 20U ———
6.08ngay

EJ?NP

Ca céc notron nhanh ciing gay ra phan ing nay.

T4c dung cla notron 1én hat nhan thori sinh ra dong vi phong xa **U véi thusi gian bén
huy 1,63.10" nam:

232’_['11(1'1‘ Y)B]Th B_ 23.‘})& ﬁ_ 2 233[_]
23.6min 27 4ngay
Clng véi triti va cacbon 14, cdc déng vi *“Pu, "Np va *"'U dugc tich lu§ trong vo
Trai bat.

Do sur phan hach cha urani, trong vo Trdi Dt cdn ¢6 mat mot lugng nhd cdc sdn phim
phin hach. Phén 16n cdc san phdm nay 1a cdc dong vi phdng xa cé nguyén tir s6 tir 30 dén 65.
Chi 14 trong s& hon 200 déng vi phdng xa 1a san phim phan hach ciia urani, ¢6 chu ky béin huy
twong déi dai. Trong d6 quan trong hon ca la nhimg déng vi c6 xdc suat hinh thanh cao nhu: *Sr
(T,» = 19,9 nam), *Tc (T,; = 2,12.10° pam), ’Cs (T, = 33 nam), "“'Pm (T, = 2,26 nam).

Cic déng vi phéng xa trong ddt chuyén vao thuc vat réi 1l d6 vao co thé dong vat va

ngudi. Bang 7.3. cho biét ham luong cdc nguyén (3 phong xa trong co thé con ngudi.

Bdng 7.3. Ham lugng mot sé nguyén t6 phéng xa trong co thé mét ngudi dan ong can nang 70 kg.

1
DPong vi Luong dong vi, g S4 nguyén tu $o phin ra trong 1 giay
‘H 8.4. 10" 1.7.10° 3.0
e 1.9.107 8.1.10" 3.1.10°
K 8.3.107° 1.2.10° 4.107

74. SAN PHAM CUA CAC VU NO HAT NHAN TRONG TUNHIEN

Hai qua bom nguyén t(t ném xudng Hirosima vi Nagasaki va hang nghin vu thit bom hat

nhan tir nam 1945 lai day da tung mét lugng byi phéng xa déng k¢ vao khi quyén va mat dat,

Bom nguyén tir chita **U hodc *”Pu. Sir né nguyén tir la phan tng phan hach day chuyén
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Cla cdc nguyén tir nay. Cic sdn phdm phan hach va cde nguyen tir *U hode *¥Pu con lui bi tung
vao Khi quyén.

Bom khinh kh{ dua trén phan (g 16ng hap nhiét hat nhan coa 2H va *H:
JH+ 'H—> ,'He.

Phan g nay dién ra trong thai gian chi 3.10" s gidi phong mot ning luong khong 16.
Nhung phdn ting chi xay ra ¢ nhigt ¢ ral cao vi thé phii duoe khoi mao bing mat phan tng nd
nguyén 1. Bom khinh khi chia hén hop doteri va triti va mét bom nguyen tir plutoni. Trong sur

né cia bom khinh khi, trude tién bom nguyén 1 nd 16 iép sau dé 1a su nd nhict hat nhan.

Su n6 nguyén tir v su no nhiét hach gidi phéng mot luong notron khéng 16. Nhimng
notron nay ban phd cic nguyén tr cla moi truomg xung quanh tao ra cdc déng vi phéng xa, trong
dd ¢6 mot luong ding ké *C va uiti. Ben canh dé mot lwgmg 16n cde san pham phan hach ciing
roi vao kbi quyén, ma nguy hiém nhat 1a *’Sr va 'Cs. Cic san pham phan hach tich luy ngay

cang nhiéu trén Qui Dat sau mdi vu thir bom. Sy phan ra cta chiing dién ra rit cham chap.

Céc chét phong xa bi cdc hat bui trong khi quyén hap phu, hoa tan trong nude mua, roi
xudng mat dat & nhimg noi rit xa. & nhimg thdi gian dii sau vy né bom. Chang han sau vy thir
bom khinh khi trén dao Bikini Atoll trén Thdi Binh Durong, bui phéng xa clia vu né duoce phat
hign g bang Texas nudc My, cdn sau vu nd tai bang Nevada cila My, cdc déng vi phong xa ""La,

FSr ™Y, " Ba v ' duge phit hicn & bang Michigan, & Canada vii ci & Paris.
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CHUONG 8

GIGI THIEU MOT SO NGUYEN TO PHONG XA NHAN TAO

Nhu da trinh bay trong chuong 7. nhitng nguyén t6 phéng xa khong ¢6 trong tr nhién

véi ndng do ddng ké, ma duge diéu che nh& cdc phin (ng hat nhan, goi la nguyén 16 phéng xa

nthan tao. Hién nay ngudt ta da biét 19 nguyén t8 phéng xa nhén tao, dé 1a nguyén 6 techneti

(Z = 46), promeli (Z = 61) vA cdc nguyen t8 sau urani (£ > 92) (bang 8.1.).

Bdng 8.1. Cic nguyén 16 phdng x4 nhan tao.

Pbiép tich | Tén nguyén to va Dong viséng Nguoi vi nam o i ) "
hat nhan | k¥ hiés hod hoc dai nhat phal minh Dac diem quan trong
(1 (2) (3 (4) {3)
43 Techneti *Tc 1937 Vé mart hed hoc giéng reni,
(Tc) (4.2.10" nam) Perrier & Segré thuong (he hicn hod w1
(VII.
6l Prometi '43Pn 1947 Lantanit. hau nhu chi thé
{Pm) (17.7 nam) Marinsky, hign hoa tri (VID.
Glendenin &
Coryell i
03 Neptuni *“Np 1940 V& mat hod hoe gidng urani.
(Np) (2.14.10nam McMitlan & ¢6 cic bic oxi hod tir (1)
Abelson dén (VII)
94 Plutoni Py 1940/41 V¢ mat hoa hoc gidng urani,
(Pu) (8.26.107 nam) | Seaborg vacdc | 0 cdc bic oxi hod tir (I
cong su dén (VI
95 Amerixi “Am 1944/45 Vé mat hod hoc gidng
(Am) 7380 nam Seaborg va cac | Pluioni. €6 cdc bac oxi hod
_ cong sif tir (111 dén (V)
96 Curi “Cm 1944 Vé mat hod hoc giong
(Cm) (1.6.107 nam) Scaborg va cdc gadolint, thudng the hién
cong sy had tr1 {1
97 Beckeli "Bk 1949 V& mat hod hoc gidng tecbi.
(Bk) (1380 nam) Thompson. thueng the hién hoa (ri (I11)
Ghiorso va cdc
cong sy
98 Californi Bt 1950 Vé mit hod hoc giong
(CH {898 nam) Thompson. dysprosi. thuang the hien
Ghiorso va cic hod i (1f])
cong su
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Bdng 8.1. (1iép theo)

(1) (2) (3 4 (5)
99 Einsteini ““Es 1952 Vé mat hod hoc
(Es) (350 ngay) | Thompson. Ghiorso va | 810ng holmi, thudng
chc cong sy thé hién hod tri (111}
100 Fecnii Fm 1953 Vé mat hod hoc
(Fm) (100.5 ngay) { Thompson. Ghiorso v giong ecbi. thuong
cic cong su theé hién hod tri (I1I)
101 Mendelevi “Md 1935 Vé mat hoi hoe
(Md) {55 ngay) | Ghiorso va céic cong sy | 2i0ng thuli. thudng
thé hién hod tri (111}
102 Nobeli “*No 1958 Vé miit hod hoe
(No) (58 min) Ghiorso va céc cong sy | 210ng ylechi, thudng
thé hién hod tr1 (1)
103 Lovrenxi L 1961 V& mat hod hoc
(Lr} (180 %) Ghiorso vi cdc cong sur | 2100g luteti, ‘h.'-rfmg
thé hién hed tri (D)
104 Kurtschatovi {theo dé #1104 1964 Vé mat hod hoc
nghi clia cdc nhi phat (65 %) Flerov vii cdc cong su gidng hafni va
mml}]{ Nga} 1969 Ziriconi
(Kw) . Ghitorso va cic cong su
Rutherfordi
(theo d¢ nghi clia cdc nha
phdt minh M¥)
(Rf)
105 Nielsbohri %2105 1968 Vé mat hod hoc
{theo dé nghi cua cdc nha {40 %) Flerov va cic cong sur | B10ng niobi va tantan
phit minh Nga) (970
{Ns) Ghiorso viv cde cong su
Hahm
(theo dé nghi clia cdc nha
phat minh M¥)
(Ha)
106 *106 1974
(0.9 %) Ghiorso va cic cong su
Flerov vi cdc cong su
107 107 1981 Muenzenberg va
(= 0.1 %) cdc cong su
108 1984
Muenzenberg va cdc
cong sir
109 1982
Muenzenberg vi cic
cong su
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Trong chuong nay ching 161 s& gidi thi¢u hai nguyén 16 techneti (Z = 46) va promeu
(Z = 61). Cic mo ta dai cuong vé cic nguyén t¢ sau urani s€ duge trinh bay ¢ cdc chuong
12,13, 14,

8.1. TECHNETI

8.1.1. Sir phit minh techneti - Céc déng vi cua techneti

Cho 161 truéc nam 1937, 6 thir 43 clia bang hé thong tudn hoan vian bi bo trong. Gan
tram nam, ké tir 1846, ngudi ta hodi céng tim ki€m nguyén td nay trong tu nhién nhung déu that
bal.

Maii dén nam 1937, C. Perrier va E. Segré méi thiinh cong trong viéc 16ng hgp nhan tao
ddng vi phéng xa ¢6 dién tich hat nhan bing 43 bang cich ban phd hat nhan molipden bang
chiim hat nhan doteri theo phan ng: ,,Mo(d.n),;Tc. Nguyén 16 nay duge dat tén la technen
(technetium), ky hiéu hod hoc 1 Te, dé chi ra ring né dugc tdng hgp mot cdch nhin tao. Vi tén
goi nay trong ti€ng Hy Lap 6 nghia 12 nhan tao. Nhitng nam sau ngudi ta tim thdy 15 dong vi
phéng xa va 7 déng phan hat nhan cla techneti trong cdc sin phdm phin hach cua urani va khi
bin pha cdc hat nhin molipden, ruteni va niobi. Cdc nghién ctu vat 1y hat nhin da di dén ket
luan 13 techneti khong tao thinh cdc déng vi bén. Khi *"U phan hach, cdc déng vi khic nhau cua

Te duge tao thanh vai cde hiéu suét khic nhau:
S6 khoi cua dong vi Tce 99 101 102 103 104 105 107
% khoi luong duge hinh thanh 6,06 56 43 3 18 09 019

Techneti duce tao thanh trong sur phan hach khong chi clia **U ma c¢a cha cdc nhién licu
hat nhan khdc nhu 2“Pu, U, **Th.

Trong 10 phan (ng hat nhan ding nhién liéu urani, ¢d chat lam chdm, lugng techneti
hinh thanh ¢6 thé udc tinh theo cong thire:

m = 28P.1 (8.1)
trong d6 : m - khoi lugng techneti hinh thanh tinh ra mg;
F - cong suiit duge khat thac (MW},
f - th&n gian lam viéc (ngay).

Cic dong vi ¢6 ddi séng dai cla techneti 1a “'Te (7,5 = 2.6.10° nam), *Tc(t, = 1,5.10°
nam) va *Te(r,, = 2.12.10° nam), trong dé c6 iing dung thyc € quan trong 1a **Te. Déng vi nay
duoe diéu ché bing cdch bin phd hat nhan molipden bang chtm notren treng 1o phan (ng hat
nhan:
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*"Mo(n,y)"Mo P . P e Ve (8.2)
2. 8nghy 0.6h
Khi ban phd 1 kg MoO, trong 10 phin (mg v&i chitm notron ¢6 thong luong 10'em 2",

trong thdi gian 2 thing, lugng *Te tich luy trong bia khoang tir 10 dén 15 mg.

Cdc dong vi c6 ddi s6ng ngdn quan trong nhat coa techneti [a *Tc (1, = 60 ngay)., “"Tc
(np = 90,5 ngay), ™" Tc (71, = 6,0 h). Hai ddng vi ddu duoc diéu ché bing chi€u xa molipden

bang doteri, con dong vi thi ba ciing bing cdch bén phd motipden nhimg bing chiim notron.

8.1.2. Techneti trong tu nhién

Nhimg dong vi séng lau nhat cha techneti *Tc vd *Tc ciing chi ¢6 thoi gian bin huy
2,12.10° v 1,5.10° nam. Nhu vay techneti khong 1hé ¢6 mat trong vo qua dat tir khi Tréi Dat
dugc hinh thanh cho dén gidy. Techneti hién c6 trong tr nhién 14 sian pham t phan hach clia urani
hodic duge tgo thinh do cic phan dmg hat nhan cla molipden, niobi hodc ruteni xdy ra dudi tic
dong cua cdc tia vii try, clia cdc notron sinh ra trong sy phan hach urani, hodc cla cic hat o hinh
thanh trong sy bién déi hat nhan cia cdc nguyen t6 phéng xa w nhién. Ham lugng *Tc trong
quéng urani udc tinh vao ¢ 5.10"g/kg U.

8.1.3. Tinh chat Iy hoc ciia techneti

Techneti 1a kim loai ket tinh mau xdm bac. Phdn 1dn cdc dac trung vat Iy quan trong ciia
né ¢ gid tri dinh lugng ndm gitta cdc gid il wong ng ctia mangan va reni (rhenium) (bang
8.2).

Bdng 8.2, So sénh mot 6 tinh chit Iy hoc cia Te. Mn va Re.

bac trung vat 1y Mangan (Mn) Techneti (Tc) Reni (Re)
Bdn kirnh nguyén tr (A) 1.306 1.358 1,373
Ban kinh ion M™ (A) 0.46 0.56 0.56
Khéi tegng rieng (g/em™) 7.20 11.487 21.02
Nhiét d6 néng chay (°C) 1244 2200 3170
Nhiét do so1 ("C) 2120 4973 5870

O nhiét do thip techneti la mot chat siéu din. Céc tai liéu khic nhau cho cic gia tri nhiét
d6 161 han cao nhét 13 11,2 va §,22°K.

8.1.3. Tinh chat hoa hoc va hoep chit ctia techneti
8.1.3.1. Cdu tao dién ti vé hod tri
Techneti cung vdi mangan va reni tao thanh phan nhém phu VII cla bang h¢ théng tudn
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hoan, cé tinh chat hoa hoc tuong tr mangan va con gan giii hon voi reni, vi né ¢6 cdu tao

electron giong véi cdc nguyen to ndy: 4s°4p"dd 5™,

Gidng nhir reni, techneti tao thanh cdc hop chit trong do s6 oxi hod clia né thay doi tir
+1 dén +7, trong do bén hon c4 12 cdc s6 oxi hod +4 v +7. O cdc hod iri thap techneti gidng vai
mangan nhié¢u hon, nhimg & céc trang thdi hod tri cao, nd gidng vdi reni.
8.1.3.2. Tinh chat hod hoc cua techneti kim loai

Kim loai techneti din din bi xin di do bi oxi hod trong khong khi am, nhumg khong thay
d6i trong khong khi kho. N6 béc chdy trong oxi, khi bi dot nong cling bac chay trong khi flo,
clo, nhumg khé khin hon cac phan ing cta reni. (J cdc nhiét do cao, 700 - 1100°C, né bat diu
phan (mg vdi cacbon. '

Techneti khong bi hoa 1an trong axit clohydric dac va fodng. nhung bi hoa tan bdi axit
nitric, axit sunfuric dac, nudc cudng toan, nudc brom va dung dich trung tinh hodc kiém cia
FLO, tao thinh TcO, .
8.1.3.3. Cac hop chdt quan trong ctia techneti

1) Cic oxit va hydroxit (oxiaxit) va mudi cua oxiaxit

Techneti tao thanh hai oxit: Te,0; va TcO,.

Techneti heptoxit (Tc,0-) hinh thanh & dang tinh th€ mau vang khi techneti béc chdy
trong oxi, néng chay & 119,5°C va bay hoi ¢ 300°C, 1i mét téc nhan oxi hod manh hon Re, 0.
N6 dé tan trong nude tao thinh axit pertechnetic HTcO, 12 mot axit manh twong duong véi axit
clohydric va nitric. Ngudi ta ¢6 thé lam bay hoi dung dich HFcO, trong sur ¢6 mit cla axit
sunfuric dic d€ thu duoc cdc tinh thé mau xam dam co tinh hit nude manh.

Cac mudi ciia axit pertechnetic, cac pertechnetat, déng hinh véi cdc mudéi tuong ing
cla reni, céc perrenat, nhung dé tan hon trong nudce. Céc pertechnetat cong ket voi cic perrenat,
perclorat v cdc ion tuong tu khdc. Kha nang dong k¢t tinh ciia pertechnetat vdi cdc mudi khic
nhau tang dén trong diy sau day: MoO,’, BF,, 10, ClO,, ReO,, PO,".

lon TcQ, 13 mot tic nhan oxi hod manh, manh hon ReO,. Trong moi trubng axit, twy
thudc vao néng do axit va hoat tinh cla chat khir, techneti (VII) bi khu thanh techneti (V) hoac
(1V).

Tetraphenylaseno pertechnetat, (CeHs),AsTcO,, thuc € khong tan trong audc.

Cic pertechnetat cha kali, rubudi, cesi, bari, tali va chi tan kém trong nudc.

Amoni pertechnetat didu ché bang cdch hol 1an techneti heptoxit (Tc,0,) vao dung dich
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amoniac hodc bang tic dung cna techneti heptasunfua (Tc,S,) véi amoniac khi ¢6 mat hydro
peroxit. Mudi nay tan 16t trong nudce, khi bi nung néng dén 500°C né phan huy tao thanh
techneti dioxit.

Natri pertechnetat tan 101 trong nudc.

Kali pertechnetat thang hoa & 1000°C ma khoéng bi phan huy.

Techneti dioxit

Khi cho mugi pertechnetat téc dung v6i axit clohydric 9M, ngudi ta thu duoc kél tia
techneti dioxit hydrat TcO,.2H,0. Nung néng dén  300°C, két tia mat nudc tao thanh TcO,.
Technen dioxit diéu ch¢ bing cich dién phan musi pertechnetat trong moi truong kiém. TcO,
bén nhiét hon mangan dioxit va reni dioxit. Khi nung nong trong chan khong dén 1000 "C né
thang hoa ma khong bi phan huy, con khi bi nung néng trong oxi bi oxi hod thanh heptoxit.

2) Cac halogenua

Hop chdt véi flo. Khi flo tic dung vdi techncti kim loai & 400 °C tao thanh céc tinh 1hé
mau vang 6ng cua TcF, c6 diém néng chay 33,4 °C va diém soi 55,3°C. Sin phdm flo hod luon
¢6 lan TcF. Khi flo hod techneti kim loai trong khéng khi chi thu duge TcOF,. Sur flo hod cic
oxit TeQ, va Te,O; thutmg cho TeOLF. chi & 400°C dudi dp sudt 4 atm mai thu duoce Tef,.

Hop chdt véi clo. Khi bi d6t nisng, techneti kim foai 1dc dung v&i hot clo tao thanh cac
tinh thé maw xanh dam dé& néng chay chia techneti hexaflorua TcCl, ¢6 1in it nhiéu tap chat

Tel,.

Techneti tetraflorua, TeCly, & dang cdc tinh thé mau do mdu ducc diéu ché bang cich
dun néng Te,O, véi CCl, én 400 °C duéi dp suit,

TeCl, téc dung véi oxi tao thanh TcO,Cl. Hop chét nay cling duoe hinh thanh khi cho
dung dich HCl 12M tédc dung véi dung dich mudi pertechnetat trong mol trudng axit sunfuric
18M.

TcO, 14c dung véi clo tao thanh TcOCl,.

Hop chdt voi brom. Khi dun néng, techneti kim loai téc dung duge véi hoi brom tao

thinh techneti oxi tribromua, TcOBr,, miu nau.
Sit thuey phan cde halogenua. Cic techneti hexahalogenua thuy phan theo phan rng sau:
3TeX, + 8H,0 + 20H — 2TcO, + TcO, + 18HX

trong do X ky hiéu nguyén tr halogen.



3) Cac sunfua
Luu huynh 1ao thanh véi techneti hai sunfua: Te,S; va TcS,.

Techneti heptasunfira, Tc,S;. 1a két tha maw nau dam hinh thanh khi hydro sunfua tic
dung véi dung dich mudi amoni pertechnetat da axit hod. Reni ciing ¢é phan ting giong nhu vay,
nhung trong cing cic diéu kién phan dng thi mangan lai tao thanh MnS. Techneti heptasunfua
khéng tan trong amoni polysunfua nhung tan trong dung dich hén hgp ameniac va hydro

peroxit, dé bay hoi va thang hoa trong dong khi clo. Khi nung néng né chuyén hoa thinh TcS,.

Techneti bisunfua, TcS,, thu dugc bing cich nung techheti kim loai véi luu huynh &
1000°C, ¢6 tinh chil tuong tu nhu MnsS,.

4) Su tao phirc

St tuwo phate vor Talogen. Gidng véi reni, cdc hexahalotechnetat®* (IV) M,TcX, 1a dang
phttc chat quan trong nhit cia techneti vdi halogen, trong do techneti ¢é s6 oxi hod (IV), M 1a
kim loai kiém, X 1a cdc halogen. Ion phiic [TcX(])” hinh thanh do tic dung cta cic axit HX dam
dac v61 Tc0,.2H,0. lon hexaclorotechnetat (IV) [TeCl,]” cling thudng duge diéu ché bing tic
dung cua HCI dam dac véi TeCl,. Cdc hexahalotechnetat {1V) bi thuy phéan ngay trong dung dich
axit tao thanh Tc0,.2H,0. Chiing chi bén & nhitng ndng d¢ dam diac xdc dinh cla dung dich axit
HX. Chi ¢ K,TcF, la ngoai l&, n6 chi thiy phin trong dung dich kiém.

Ion hexaclorotechnetat (IV) [TcCli]* bi oxi hod thanh TcO, bai H,0,, MnO;, Cl,,
HNO,, nhung v6i tic dong clia oxi né bén hon cic hop chat ¢6 oxi cla techneti hod tri (IV). O
1 100"C trong chin khong, K, TcCl, phan huy tao thanh techneti kim loai, khi clo va KCl.

Khi cho dung dich K,TcF, di qua nhua trao déi ion loai trac déi H', 5& xuit hién trong
dung dich axit H,TcF, wr do. Axit ndy c¢6 thé chiét dugc nhd cac dung moi 1a cdc hop chit
chira oxi.

St tao phire voi CNS

Techneti {IV) tao vdi thioxianua phic [Tc(CNS)])* ¢6 thé chiét bang ete.

Su tao plutc voi phéi ut hitu co

Techneti tao thanh nhiéu phifc chét v6i cac phdi tr hitu co. Chang han phidc chat tao
thanh giita techneti (V1) va dioxim chiét duge trong moi trudng kiém béi cacbon tetraclorua.

Techneti (V) tao phitc [TeD,CLICI v6i diarin (D), véi thioure, dimethy!glyoxim, o- furildioxim
va v0i nhiéu axit hilu co.
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8.1.4. Piéu ché techneti

Techneti la loai nguyén 16 hod hoc dugc san xuat o quy mo tir tinh bang gam cho dén

bang kilogam.
8.1.4.1. Diéu ché techneti bing chiéu xa notron lén “"Mo

*Tc duge diéu ché trong 16 phin ting hat nhan bing cic phan tmg hat nhan:

*Mo(n, y)*Mo P e Y e (8.2)
2.8 ngiy 0.6 h

Vi tiét dién bit notron cia **Mo nhd (0,13b) nén hiéu suat phan img (1n,y) 1a nho. Bia
duge dua vao 1o phan (ng c¢d thé 12 molipden kim loai hoac cdc hop chat clia n6. Tuy theo dang
hod hoc cua bia molipden, can dp dung cdc quy trinh khdc nhau tich techneti ra khoi molipden.
No1 dung cla cdc quy trinh nay cd thé 1om tat nhu sau:

1) Bia molipden kim loai sau khi chi€u xa trong 10 phdn ing dugc hod tan trong axit
sunfuric dac. Tc, O, hinh thanh duce chung cdt dé tich khoi céc oxit ciia cdc nguyén t6 khic va
dua vao dung dich dé tiép tyc tinh ché. Dung dich chifa axit pertechnetic duoc dua qua co6t chita
mot trong cdc tdc nhan hdp phu 1a nhom oxit, sit T oxit, ziriconi oxithydrat hoac nhia trao

daéi 1on.

Dung dich rira giai ta HNO, 0,1M hoac H,80, 0,2M, khi tdc nhan hap phu 13 sdt oxit
hogc nhom oxit, 1a dung dich HNO, 2M, khi ¢4t nhdi ziriconi oxithydrat, va véi ¢ot chira nhua
trao doi anion PO," 1a dung dich H;PO, 2M. Sau dé TcO, duge chiét bing axeton hoic pyridin.

Cédc cot nhoi nhom oxit cling ¢d thé rifa gidi ngay biing axeton dé gidi hap chon loc chi
TcO,.

2) Bia {am bang MoO, dugc hoa tan trong dung dich kiém ctia H,O,, 16i durge chiét bing
axeton hodc metyletyl xeton dé tdch riéng techneti.

3) Khi ding *Mo(CO),, lam bia, ""Tc hinh thanh trong molipden cacbonyl duge hoa tan
bang nirde.
8.1.4.2. Diéu ché techneli tir cdc sdn phdm phdn hach ciia urani

Luong techneti 16n hon thu duge tir sy phan hach ctia urani 235 (hiéu sudt phan hach tao
thanh Tc khoing 6,2%). Sau mufc chdy 35000 MWngay quy vé mét tan urani ¢é mitc lam gidu
3% *"U, trong mdi 1an nhién liéu di chdy c6 chita khoing | kg **Te. Techneti dude san xudt U
dung dich thai sau khi da tdch plutoni va urani da duge thu héi tr nhién liéu da chdy cfa 10 phin

tng. C6 nhi€u quy trinh cong nghé thu héi techneti ma dudi day lh mot s6 vi du.
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1y Pua viao dung dich thadi (sau khi tich plutoni va urani) axit percloric 161 k&t 1a ion
ClO] bang ion tetraphenylarsoni dé cong két techneti. Két tha duge loc ria, hod tan trong axit

H,S0, dac. réi dién phan dung dich thu duoc vdi catot platin. Sau khi hoa tan k&1 tua trén dién

cure, ngudi ta thu techneti bang cich két tha Te,S; hoic bang cdch chung ¢t dé tha Te,O-.

2) Sau khi tich plutoni va urani, dung dich thdi cGa cong nghé x@ 1y nhién licu da chady,
chita nhiéu san pham phan hach ("Zr, "Nb. '"Cs, "™Ru, ""'Ce, ""Pm, ™'Sr va "Te¢ ...}, duge lam
bay hoi mot phdn dé két tha *Zr, vd ""Nb. Sau dé ngudi ta bo sung thém vao dung dich HNO, va
Fe™ cho t6i nong do HNO, 4N va Fe™ 25g/f, réi k&t tha Fe(OH), & pH = 2,5 biing NH,OH dé
cong két phdn 16n "Ru. Thém dung dich amoniac va xéda vao nudc loc dé ket tha dat hiém
(""Ce, ""Pm) va kiém thé (*'Sr) ¢ pH = 8, Cho thém hydrazin viio nudc loc cua cong doan nay
dé khir techneti, réi thém Fe™ va amoniac dé cong kél toan bo techneti vio két tha Fe(OH)..
Luong nhé ruteni con lai ciing di vio két tiia nay, trong dung dich chi con lai '"Cs. B¢ tinh ché
techneti tri¢t dé hon (khéi ruteni va cdc tap chat khic), két tha duoc hod tan trong dung dich
HNO, dé chuyén techneti vé TcO, va chict ion ndy bing pyridin. Sau khi cat 161 cudn hoi nude
dé 1am bay hoi pyridin, dung dich duge bio hoa (NH,),CO, dé két tinh NH,TcQ, & 0'C hoac két
tia Te,S, . K&t tia nay sau dé dugc hoa tan trong moi trudng ¢ chat oxi hoa (H,0,) dé chuyén
techneti 1rd lai dang TcQ, rdi két tinh KTeO,,

3) Bén canh cdc phuong phéap két tua phan dean dia mo ta & trén, ngdy nay cdc phuong
phdp chiét va trao doi ion ngay cing duge ding rong rii hon dé tich techneti ra khoi nhién lieu

da chdy.
8.1.5. Phiin tich techneti
8.1.5.1. Phuong phdp do phéng xa

“Tc ta ngudn phit bic xa B vdi nang tuong cla cac tia B bang 0,29 MeV. Hoat d6
phong xa riéng cla né bang 16,8 curi/g. Vi thé viéc do hoat tinh phong xa tuyét d&i cta né cin

dunc 1i€n hanh theo cdc phuong phép thudng dugce sit dung dé do birc xa B mém.
8.1.5.2, Phuong phdp trong luong
Cic ket taa thuong duoc dung trong phan tich trong tugng techneti la:

- Tetraphenylacsoni pertechnetat [(C¢Hs) As]TeO,. Phép phan tich bi anh hudng bdi su
c6 mat cila ReQ,, F. T, Br, SCN', Hg™", Bi™", Pb®", Ag", Sn**, VO', cdc chél oxi hod va néng do
cao cua NO,;

- Nitron pertechnétat C,,H, (N, TcO,. Phép phan tich bi dnh hudng bdi sy ¢6 mat cila

ReO,, NOy, ClO,, cic chal oxi hod va cdc anion c6 dang MeQ,",
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- Techneti heptasunfua Tc,S;. Cic tic nhan tao ra két tha v6i ion S* déu can urd phép
phin tich nay.

8.1.5.3. Phuong phdp so mdu
C6 theé xdc dinh techneti bang ngay chinh mau cta dung dich TeO,. Phép tric quang

duge thyc hién trong ving cuc tim véi cic cuc dai hap phu & 289 va 247 nm, khong bi anh
huéng béi su ¢6 mat reni.

V6i nhi¢u hop chit khdc techneti cling tao ra cdc hop chét c6 mdu, ¢6 thé ding cho phin

tich so mau.

8.1.5.4. Phuong phdp cuc pho

Trong méi trudng kiém, the ban séng cua su khir techneti (VII) thanh techneti (V) 1a Ex
= 0,85 V. Trong dung dich 0,IM KCN hoic NaClO, 1M, techneti (VII) bi khir thanh techneti
(VI) & the bdn séng E,, = 0.81 V. Cdc thé bdn séng nay co thé ding d€ xdc dinh techneti bang
phuong phdp cuc phé. Phép do cé do nhay 5.10% g.

8.1.5.5. Phuong phdp quang phé

Sy xdc dinh techneti bang phuong phidp quang phé dua vio cdc vach ¢ do dai séng
4297.06; 4262,26; 4238.19: va 4031,63 A cho phép xac dinh techneti t&i ham Jugng lOJg.
8.1.5.6. Mot 56 phuong phdp khdc

Ngoai cac phuong phdp trén, hién nay ngudi ta ngay cang st dung nhiéu hon cdc

phuong phdp phan tich techneti cé dé nhay cao hon nhu phuong phap khéi phé (cé do nhay
5.10"g), phan tich kich hoat (dd nhay 10"g).

8.1.6. Ung dung ciia techneti

Do kha nang chéng an mon rat cao va 1iét dién bat notron nhd, techneti 1a vat licu che
phu chdng an mon diy trién vong trong xay dung i phan (ng hat nhan.

Kha nang gay thu dong hod thép di véi moi trudng ¢6 oxi clia TcQ, ngay & cdc néng
do vet (6 mg/l) cho phép sir dung techneti trong céc 10 phan \ng hat nhan lam lanh bing nudc
hodc 1am cham bang nudc cling nhy trong cdc 1 nudc $ai.

Techneti va cdc hop kim ciia né la cdc chat siéu din c6 nhiét d6 161 han cao nhdt, vi the
chiing 1a cdc vat li¢u cau tao quan trong cho cdc nam cham siéu din.

Dong vi “Tc dung dé ché 1ao cip nhiét dién do nhiét do cao. Loai cap nhiét dién nay cé

the diing dé do muic chdy (burn-up) cla nhién liéu trong 1o phan (g hat nhan.
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Péng vi ngan ngity ™"Te duge diing rong rii trong k¥ thudt danh dau dé nghién ctiu céde
tinh chit hod hoc clia nguyén (6 techneti, dé chidn dodn cdc bénh tuyén giap, bénh dudng tiél

niéu.

8.2. PROMETI

8.2.1. Su phat minh prometi - Cac déng vi cua premeti

Khi nghién ciu cac dat hi€m, tir 1902, B. Brauner dad cho ring ndm gitta neodym va
samari phai ¢ mot nguyén 6 hod hoc nita. Sy 16n tai cla nguyén (6 ¢6 s6 thit tr 61, rd thanh
hién nhién sau khi dinh luat Moseley duoc phat hién. Tuy nhién, sy tim kiém nguyén (6 ay trong
cdc quang dat hiém, kéo dai hang chuc nam, da that bai. Méi dén nam 1938, M. Pool va L. Quill
méi thu dugc nguyén 6 61 nhd phan tng hat nhian “Nd(d, n)**'61, x4y ra khi bdn pha hat nhan
neodym bing chum doteri. Nhung sy phin 1ap duge nguyén (6 nay nhu 12 mot nguyén t8 hod
hoc dd xay ra muon hon nhiéu. Vo nam 1947, khi J. Marinsky. L. Glendenin va C. Coryell tich
dugc né tir sén pham phan hach cla vrani va dit tén 14 prometi { ky hiéu hod hoc 1a Pm) theo tén
clia vi thin noi ti€ng trong than thoai Hy Lap, ngudi da diing cam an cap kra cua thin D6t mang
xudng cho lodi ngudi va vi the di bi xiéng xich tai Caucasus d€ trimg phat. Nhimg ngudi phit
minh di giai thich ly do ho lua chon 1én goi 4y nhu sau: " Tén goi nay khong chi tugng trung
cho con dudng gian khé nhim thu dugc mot khéi luong ¢6 thé nhin biét duoe cla nguyén 16 mdi
nhd lam chi nédng lugng hat nhin, ma con canh bdo con ngudi vé cdc méi nguy hiem dang de
doa ho".

Céc tinh todn vat 1y hat nhan cho biét rang Pm khong tao thanh cdc déng vi bén. Ngay
nay ngudi ta da tim thdy 16 déng vi cta prometi vi hai déng phén hat nhan ciia cdc déng vi nay.
Déng vi quan trong nhét trong s6 d6 [a "Y'Pm (c6 thoi gian ban huy 7,,= 2,65 nam), mac du déng
vi '"'Pm ¢6 thai gian s6ng lau hoa (1, = 6,3.10° nam). "*Pm [ déng vi con trong su phan ra
phéng xa cia **Sm:

+
Sm(n, y)'**Sm Py wip
340 ngay

Hiéu suit cha phan dng trén 1a cuc ky nho, trong khi *'Pm hinh thanh trong su phan

hach urani vdi hiéu sudt dang ké.

8.2.2. Prometi trong tu nhién

Déng vi "Pm (¢,,= 2,7 h) 1a san pham phan rd B cla neodym 150 (‘*'Nd) cé trong tu
nhién véi chu k¥ ban huy rét dai t,, = 2.10" ndm. Vi thé, trong quang dat hiém, cf 1 g neodym
6 8,6.10"" mg prometi.
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Trong khodng urani, su phan hach ur nhién cla urani 235 tao ra déng vi "'Pm vdi ham
lugng can bang 12 4.10 " mg prometi trong { g urani.

Vi "'Pm c6 thoi gian bdn huy dai hang 1y nam, né c6 thé con tén 1ai trong vo Trii Pat
tir khr qua dat hinh thanh che dén gid. Tuy nhién, cho dén nay ciing khéng phit hién duge

prometi trong ty nhién,

8.2.3. Tinh chit 1¥ hoc cua prometi

Prometi 0 dang kim loai thu duoc bing cich khir PmF, bing liti kim loai trong chan
khong, nong chay ¢ 1080"C va khéi lugng riéng theo tinh todn tir cdc dif kién Rontgen bang
7.26 gfom’

8.2.4. Caw tao dién tir va tinh chat hoa hoc ctia prometi

8.2.4.1. Cau tao dién ut va hod tri

Prometi ¢6 cdu tao dién tlr 1dp ngoai dién hinh cho cdc lantanit 47'55°5p°65% vi the né ¢6
¢dc tinh chat hod hoc chung cua lantanit. Prometi 1a nguyén t6 duong dién, né cé s6 oxi hod +3.
The dién cuc ti¢u chudn ¢” clia cap Pm™/Pm (ran) bing -2.43 V. lon Pm™ ¢6 ciu tao dien 1ir 16p
ngodi 4f*5s?5p". Tir cdc tinh todn nhiet dong hoc ngudi ta cho ring prometi ¢6 kha nang 1ao
thanh cdc hop chdt hod trj (IT) vdi halogen: PmCl,, Pml, va 6 thé ca PmF,.

8.2.4.2. Cdc hop chdt ciia prometi

Hydroxit cua prometi Pm(OI1); 1a chit khé tan mau nau nhat, khi bi nung néng thi mat
nudc tao thanh oxit Pm,O:. Pm(OH), tac dung v&i cde axit tao thinh cic muéi tan nhu Pm(l,
(dung dich mau vang), Pm(NO,); (dung dich mau hdng) vi cic mudi khé tan nhu Pmi,,
Pmy(€,0,);.10H,0. Giéng nhur cdc nguyén t6 khdc cua phan nhém xeri (Ce), promet sunfatl it
tan hon sunfat cla cdc nguyén t6 thude phan nhém ytri.

Plute chdt cia prometi

Gidng nhur cdc lantanit khdc, prometi tao phiic v&i cde phdi r hitu ¢o chita nhém
hydroxy-, cacboxy- vi amino, trong dé né lién két phai tri véi oxi hoac nito.

Hap plui va céng kél prometi tir dung dich siéu lodng

Gidng nhu lantan, prometi trong dung dich lodng bi hap phu manh bai thuy tinh vi
thach anh tai pH = 6,7. Ciing nhu cdc lantanit khdc, prometi bi hdp phu hoan toin, theo co ché
hap phy trao doi so cdp. bai cdc két tia Fe(OH), hoiic MnO, & cic pH = 1+5. Su hap phu prometi
ctia teflon tang din tit pH = 3 dén cye dai o pH = 8+10. Tir cdc dung dich siéu lodng, prometi két

tinh déng hinh véi nhimg hop chat hod tri (H1) ¢6 do tan khong 16n céa cdc lantanit. N6 ciing
cong ket véi xeri (IV) iodat theo co ché€ hap phu trac déi so cap.
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8.2.5. Phan chia va diéu ché prometi

Tir cdc vat liéu da chi€u xa, san pham phan hach cfia urani va cdc nguén tu nhién,
prometi dugc tich ra cung véi cdc dat hiém. Sy phan chia dat hi€m dé tdch rieng prometi i céng

viée chi y&u trong diéu ché va phan tich nguyén (5 nay.
8.2.5.1. Biéu ché prometi tir sdn pham phdn hach cia urani

Sy tach prometi khoi urani dua trén su cong két prometi vdi cac lantanit & dang florua,
cacbonat hodc oxalat, sau khi urani bi oxi hod lén hod tri (VI). Urani trong dung dich cé thé
duge két tha & dang amoni diuranat hoac chi€t bang TBP, amin bac cao hoac mot s& dung moi
khéc.

Prometi va cdc dat hi€m duce téch khoi cic san pham phan hach khdc chil yéu bang k&t
tinh phan doan két hop véi chiét. Cic lantanit tdch khoi promet va xezi (Cs) bang két tla
hydroxit v6i tdc nhan amoni khi ving mat CO3™ ; khoi ruteni, niobi va ziriconi bang cach két tha
oxalat clia cdc dat hi€m. Mot 53 16n cde nguyén (6 khdc duoc tich khoi dat higm bang két 1ia
sunfua. Cdc dat hi€ém trong dung dich HCI 0,01M c6 thé duogc chiét vio pha hitu ¢ chira 1,5 M
di-(etylhexyl)-photphoric axit trong toluen, réi giai chi€t bang HCL 8M. K§ thuit sic ky va trao

doi ion ciing dugc ding dé tich cdc lanianit ra khoi cdc san phdm phan hach.

Vigc phan chia prometi va cdc ddt hi€ém thanh cdc nguyén t6 riéng r& ¢6 thé thuc hién
nhd ket tinh phan doan, trao doi ion, nhung hién nay thudng bing cdch chiét lién tuc nguge dong
nhiéu bac. Dung moi chiét cé thé 1a tributylphotphat (TBP), di-(etylhexyD)-photphoric. ..

8.2.5.2.Tdch prometi va cdc lantanit khdc khoi thori

D& véi quang cd chia thorr va dat hiém, ngudi ta tich thori bang cdch két tha thori
1odat trong sy c6 mat H,0,, axit sebaxinic & pH = 2.5, hodc axit phenylaxetic. Dat hiém ciling cé
thé tach khoi thori bing k¥ thuat sac ky va trao déi ion. C6 nhiéu trién vong 1a phuong phap tich
thori khéi dat hiém v prometi bdng k§ thuat chiél thori  béng dietylete, TBP, amin,

axetylaxeton...

Pat hiém va prometi da tich khoi thort 1ai duge phan chia nhu mé ti & phin trén.
8.2.6. Phan tich prometi

Véi lugng prometi vuot qud | ug ngudi ta thudng sir dung phuong phdp quang pho, véi
cdc nong d¢ vao ¢d (2 - 4).10° g ¢6 thé ding phuong phdp cuc phd. Phuong phip khéi phd cho
phép xdc dinh luong prometi 147 tuong ng vdi hoat dd 1 mcuri & hoat d¢ phéng xa riéng 1

mcuri/ml. Phan tich phdng xa duge tién hanh trén mdy dém dang cudi ¢6 ciia s6 mica, hodc trén

mdy dém 4x dong khi hodc vai sy gidp d& cla nhap nhdy tinh thé 1ong.
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8.2.7. Ung dung ctia prometi

Déng vi "'Pm phit xa electron véi nang lugng 0,233 MeV, c¢6 thdi gian bdn huy khd
dai, khong phat xa tia y, vi thé né 12 déng vi phong xa thich hgp cho muc tiéu ché tao cdc nguén
phdng xa [ ding d¢ do mat d6 hoac khéi lugng riéng cla cdc vat liéu ¢6 ty trong thap, dé khir bd
sy tich dién trong san xudt soi va gidy, dé phdt hién cdc vét ran nin (phuong phép chup anh
phong xa).

Mot trong nhimg (ng dung chi y&u clia ""Pm 1a ché tao cdc chat phdt da quang dai
ngay. N6 cling duge sir dung dé 1am "pin nguyén 1", dva trén co so su phit xa B lén chat phat

quang va mot t€ bao quang dién chuyén hod quang nang thanh dong dién.

8.3. CAC NGUYEN TU LA (EXOTIC ATOM)

8.3.1. Pai cuong vé cdc nguyén tir la

Khi vat chat cha moi truong hip thu cic hat so cdp ¢6 doi s6ng ngén nhu pozitron,
muon, pion, kaon hoac cdc hat xicma (sigma) 6 thé din dén sy hinh thanh nhitng dang la
(exotic) ctia nguyén tir . Mot proton trong nguyén tir hydro c6 thé bi thay th€ bdi mot hat so cap
tich dién dwong nhu pozitron hoac muon tao thanh nhimg nguyén tir la ¢6 cau tao tuong tu
nguyén 10 hydro. Nguyén tir la c6 d&si s6ng ngdn bao gém mot pozitron va mot electron goi 12
pozitroni (e” ¢), bao gébm mot electron vd mot mezon W', goi 1a muoni (p'e’).

C6 nhimg dang nguyén tir la dugc tao thanh khi mét electron trong I6p vo ciia nguyén tir
hodc phan tlr bi thay the boi mot hat so ¢dp tich dién 4m nhu muon am, pion am hogic antiproton.
Mot muon &m p thay the mét electron trong 16p v ciia mét nguyén tlr s& tao thanh mot nguyén
tir muonic. Do khéi lugng 16n cha p so véi electron, tuong tdc clia né véi hat nhan Ia khd manh.

Vi thé cdc muon am 1a ddu do dé nghién citu tinh chat cha cic hat nhan.

Ciing do khéi lugng 16n clia W so v6i electron, cdc ban kinh Bohr ciia W trong céc
nguyén tir muonic nho hon trong cdc nguyén tir thong thudng tuong (ng. Phan bd dién tich trong
hat nhan anh huéng lén cdc muon nhiéu hon 1n cdc electron vi cdc tia X phat ra tir cdc nguyén
tir muonic cho biét cAc thong tin vé phan bd dién tich v cdu triic bé mat clia hat nhan. Ngoaira

trong cdc phan tir muonic nhimg hat nhan clia cdc nguyén tir ¢6 khoang céch rit ho.

Céc pionic, ching han (p'n), dugc sir dung d€ nghién ctu anh hudng cla mat do
electron va lién két hod hoc lén cdc hat nhan.

Cudi cimg c6 thé nhic dén mot khia canh hip dén khac da duoe du dodn 1a, trong ion
clia cdc phan tr muonic, phan tng giita céc hat nhan 1a thuan loi vi khoang cdch giifa céc hat
nhan rit nho. Chang han dé xay ra cic phan dng téng hop nhiét hat nhan:
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d'd'pw — 4He” +v
hodc:

d't'w —>4He" +n+y
trong d6 d*, t* 1a cac hat nhan doteri va triti.

Céc phan (mg trén c6 thé md ra kha nang tién hanh cdc phan tng 1éng hop hat nhan &
cdc nhiét do tuong ddi thap, vao khoang 10°K, goi 12 cdc phan tng t0ng hop lanh, trong khi phan
ting tong hop hat nhan néng dién ra & 10°K.

Trong bang 8.3 thng ké cdc dang nguyén 11 1a tuong ty hydro.

Bdng 8.3. Mot vai dic diém cila nguyen tir hydro va nhitng nguyén tlr la twong tr hydro. ¢d chia cdc hat
; so cdp khong bén,

Nguyén tir Nang lugng lién két (eV) zl:f: if‘:ﬁf;i’:;
(p'e’) Hydro (H) 136 1.0078
{e* e’} Pozitromni 6,8 0,0010972
{p*e’) Muoni 13,5 0.11495
(p*w) Nguyén tr muonic 2531 1.1217
(p*1'y Nguyén tlr pronic 3256 1.2717
('K 8618 1.5473
p'p) 12498 2.0146
(p'Z) 14014 2.2843

Pé minh hoa vé& cdc nguyén t la, chiing ta s& khao sit mot vi du la pozitroni.
8.3.2. Pozitroni
8.3.2.1. Su tao thanh pozitroni

Khi cac pozitroni xuyén qua vat chat, né bi lam cham, mat nang luong do su ion hod,
kich thich cdc nguyén i hodc phan tir cla moi trudng. Ngoai ra, ndng lugng cua pozitron con
mét di do tdn xa nhiéu lan. Chi mot phdn nho, khong qui 5%, cac pozitron bi huy irong qud
trinh 1am chiam, phin con lai trd thanh céc pozitron nang lugng thap, & d6 cdc qua trinh dic biét
xdy ra. Thasi gian cha qud trinh 1am cham 13 10 dén 12 s. Khodng hai phin ba s& pozitron dd
duoe 1am cham bi huy trong trang thdi ty do, chimg mét phan ba trong trang théi lién két. Khi
céc pozitron ¢6 nang lugng vio c& mot vai electron-von, chiing 18y mot electron clia cdc phan tif
moi trudmg va hinh thanh cde nguyén tir tv do khong bén, chifa mdt electron va mot pozitron.
Nguyén tr nhu vay duge goi la pozitroni, ky hidu [a Ps.
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Pozitront ¢6 hai dang: octhopozitroni, ciing goi 1 triplet pozitroni, & d6 spin ciia electron
va pozitron 12 song song, va parapozitroni, con goi la singlet pozitroni, & do spin ciia electron va
pozitron d6i song. Ba phén tu pozitroni thude dang octhopozitron, c6 doi song trung binh 1,4.107
8. sau d6 bj huy. Mot phan tu la parapozitroni ¢6 doi song trung binh 1,25.10""s. Hang s& phan
rd cla triplet pozitroni la 7,2.10% s, con dang singlet 13 8.10% s .

8.3.2.2. Cdu tao cua pozitroni

*

V& mat cau tao, cdc pozitroni tuong ty nhut nguyén wr hydro. Nguyeén tir hydro bao gém
hat tich dign duong proton va hat mang dién am electron. Trong pozitroni, pozitron (hat mang
dién duong) va electron quay xung quanh Khéi tam cia hé. Nhung khéi lugng nguyén tir
pozitroni 920 lan nho hon khéi lugng nguyén tir hydro. Céc ban kinh Bohr ciia pozitroni 16n gép
hai ldn cla nguyén tir hydro. Pozitroni c6 mot day céc trang thdi kich thich giéng nhu nguyén tir
hydro. Nhung do sy khdc nhau vé khéi lugng va momen tir cia proton va pozitron, muc nang
lugng cia pozitroni hai 14n nhé hon mife nang heong ctia hydro.

Gidng nhu cic nguyén wr khdc, khi pozitroni chuyén tir mitc nang luong nay sang miic
nang luong khdc thdp hon né bic xa mot lugng tir sdng. Trong trudng hgp clia hydro va
pozitroni, nang lugng cla lugng tir sing pha ra tinh bing cong thite:

2
2n°me” 1 ]
EhV=E2—E]:_—‘_)—(‘7_—2') (8‘1)
- m ]
- m
n=
413
1+
M

trong do: 1 - khéi luong electron;

M - khéi lugng pozitron, trong trudng hgp pozitroni, hoic kh6i lugng proten, trong
trudmg hop hydro.

V1 my, = 0,5my, nang lugng cla luong tir duge bic xa trong trudng hop pozitron chi
bing nira clia hydro.

Nang luong lien ket clia pozitron va electron trong pozitroni [ 6,8 eV, tite 13 bing nira
nang luong lién ket cia protron va electron trong hydro.

8.3.1.3. Phdn ting hod hoc ctia pozitroni
Trong cdc phan (mg hod hoc, pbzilroni XU sur giéng nguyén tl hydro. N6 tham gia phén
Ung cong vao ndi doi trong phén tir hydrocacbon etylenic va cic din Xudt ctia loai hop chat nay,

phan img the, khir cic hop chat ¢6 tinh oxi hod nhy KMnO,, K,Cr,0,, K,CrO,, U*, Ti", Ce*,
Fe*...:
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Ps + CH=C-CH,OH — CH(Ps) = C-CH,0H (phan tmg cong)
Ps + Cl, — PsCl + CI' (phan (ing thé)

Ps + Fe*™ — Fe™ + e* (su khir sat Fe™ va oxi hod Ps)

Ps+e — Py (su khir Ps)

Téc do cdc phan (ng cla pozitroni véi cac chdt khdc nhau 16n gap 30 lan toc do céc
phan tng tuong tu cla hydro vi khéi luong nguyén tlr pozitroni nhod hon khoi lugng nguyén tir
hydro 920 1dn va hiéu tmg duong ham doi v6i pozitroni ciing cao hon,

Nang luong lién két cha pozitroni véi oxi, halogen trong cac hop chat Ps,(, PsOH, Psl

va PsCl 1an lugt bang 2,2; 1,3; 2,5; va 2 eV.

Trong moi trudng ¢6 chifa cdc anion goc axit nhu NOy, CIO,, ¢6 thé hinh thanh nhimg

hgp chdt ctia pozitron ma vé cau tao giong nhir cdc axit tuong tng: e’ NO., e'ClO, .

133



Trong cdc nguyén (6 phéng xa tir nhién, urant chi€m vi tri quan trong dac biét. Ngay nay
n6 dugce ding lam nhién licu cho hdu hét cée 10 phan ting hat nhin, vi thé $& dugc nghién ciwu ky
ludng trong cdc gido trinh riéng. Tuy nhién, dé dam bao tink hoan chinh cla gido trinh Hod

phéng xa, chiing 161 vin danh mét chuong cho phén trinh bay 16m tét vé& urani va chu trinh nhién

liéu hat nhan,

9.1. URANI TRONG TUNHIEN VA CAC PONG VI

CHUONG 9

URANI

Bdng 9.1. Mot s6 khodng urani.

Tén khoang vat Thanh phin hoa hoc Ham lugng urani (%)
Uraninit UQ, 45 -85
Pitchblende U0, ,-U0, (U,0,) khong én dinh
Cacnorit K, (UO.%(VO,}..nH,0 55
Autunit Ca(UQ,).(PO,)..nH.O 45-55
Tyuyamunit Ca(U0,).(VO,),.nH.O 30
Samarskit (U.Y .Ca,Th.Fe)(Nb,Ta).0, 8-16
Brannerit (U.Y.Ca.Th,);T1,0, = 40
Davidit (U.Fe.Ce)(Ti.Fe.V.Cr),(Q,0H), -
Kasolit Pb(UO.),.5i0,.H,0 7-40
Uranophan Ca(U0,)51,0,.6H,0 57
Torbernit Cu(UQ,),(PO,)..nH,O 50
Coffinit U¢Si0,),(OH),, -
Zeunerit Cu(U0,),{As0,)..0H,0 50-53
Thucholit Urani oxit va hydrocacbon thay ddi

Urani duge phit hién dau tién & Diic ndm 1789 béi Martin Klaproth. Nhung mai dén
nam 1841 mot nha hod hoc ngudi Phap, Eugene Péligot, méi lan ddu tién diéu ch€ duge urani
kim loai bing céch khir urani clorua véi kali kim loai. Niam 1872, Mendeleev dd dua ra gid tri

nguyen tif luong 240 clia urani thay cho con 6 120 ma ngudi ta tudng irude day, va x€p né vao
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nhom VI cla bang tudn hoan, Ngudi ddu tién phdt hién duge tinh phéng xa cha urani vao nam
1896 1a Henri Becquerel. N6 trG thanh nguyén t8 hod hoc quan trong bac nhat cia cong nghé hat
nhan khi hai nha bic hoc Piec Otto Hahn va F. Strassmann tim ra syt phan hach cita **U do tic

dong cua chiim notron.

Urani ¢é mat rong rai trong tu nhién dudi dang cdc hop chat vdi khoang 38 nguyén 16
khac. Ham luong clia nd wong vo qua dat vio khodng 4.10%%. Phdn chl y&u ndm trong thanh
phan cla cdc loai dit dd, thudng chifa tir 1,2.107 dén 9,3.107% urani. Do ciic qud trinh phong
hod, urani chuyén thanh cdc trang thai dé tan va theo nudc mua di vao song, bién. Ham luong

urani trong nudc song khoang tir 5.10° dén 2.10™%, con trong nude bién 1.107%.

Chi mot lugng rat nho urani tap trung thanh mo. Ngudi ta phan biét quang urani thanh
quing nguyén sinh v quang thit ¢ap 13 sén phim cla cdc qud irinh sa lang. Trong bang 9.1
thong ké cdc loai khodng vat cha urani. Trong dé cdc khodng so ¢dp quan trong trong cic mo

urani di khai thdc thuong mai 1a uraninit va urani pitchblende va khodng thir cap 12 cacnotit.

9.2. TINH CHAT LY HOC CUA URANI

Mat cit méi clia mot khéi urani 1a kim loai sang bong, bé ngoai gidng nhu thép. N6 ¢6
nhiéu dang thit hinh. Dang thil hinh nhiét do thdp, dang o, ton tai che dén 668°C, ¢6 tinh déo va
mang tinh thé octorombic, khéi lugng rieng 19,05 g/cm’. Dang thir hinh (B bén trong khodng
nhiét do 668 - 774"C, ¢6 cau tric phic tap, gion dé gdy, v, & nhiét do cao hon chuyén sang
dang y, x8p, c6 cau iric lap phuong thé tam.

Urani ¢6 nhiét d6 ndng chay khé cao (1132 C), nhimg con thip han nhiét 46 néng chdy

clia crom, molipden. Diém s61 clia urani 1a 3818°C,

Do dan dién cha urani twong tu nhu sét. Thap hon 1K nd tré thanh siéu dan.

9.3. TINH CHAT HOA HOC CUA URANI
9.3.1. Cau tao dién tir va hoa tri '

Urani thudc nhém VI cla bang tudn holn, ¢é cdu tao cic 16p dién t ngoai cing:
5575p°5d" 57 6576p"6d' 75% . Céc dien tir hod tri cla urani 1a 757, 64" va 5 nén né thé hién cdc s¢

oxi ho +3, +4, +5 va +6. Theo gia thuyét cla Seaborg vé cac actinit, urani }a mot thinh vién cla

nhém actinit, mot doi vng cua neodym.

9.3.2. Tinh chat hoa hoc

Urani 13 mot nguyén t8 hoat dong hod hoc khd manh, trong diy dién hoa né dimg canh

nhom va berili. Urani phan tng vdi hau hét cdc nguyen (6 hod hoc, trir khi tra.



9.3.2.1. Phdn img v6i oxi va nude

Trong khong khi urani kim loai bi phit mot mang oxit, nhung mang nay khong ¢6 tic
dung bao vé, chdng an mon iép theo. Bot urani ¢6 thé ty bée chdy, ngay & dang khé&i 16n no
cling chay khi bi d6t néng trong khéong khi. Khi bi oxi hod trong khong khi né tao thanh cdc oxit
U0, va u,0,.

Urani phan (ng manh liét v6i nude s6i hodc hoi nudc néng d¢ tao thanh UQ, va giai

phéng hydro. Khi hydro lai phan tng véi urani dé tao thianh urani hydrua:
7U + 6H,0,,,, > 3UOQ, + 4UH,

Phan (g trén budc ngudi ta phai ¢é bién phép bao v¢, tranh cdc phan iing cla urani véi
nuge trong cic 1o phan ting hat nhan.
9.3.2.2. Phan irng vdi cdc d kim khdc

Khi d6t ndng, urani phin (g véi tat ci céc halogen, né ciing phan (tng véi nito & 700°C
tao thanh nitrua, véi cacbon & 1800 - 2400°C tao thanh cacbua, véi photpho & 1000°C tao ra
photphua va v&i luu huynh & 500"C tao thanh urani sunfua.

9.3.2.3. Phan ting voi cdc kim logi khdc

Vi hau hét kim loai urani tao thanh céc hop chit giita cdc kim loai.

9.3.2.4. Phdn ing vdi cdc axit

Kim loai urani phan {tng vdi axit tao thanh cdc mudi & dé urani thé hién cic s§ oxi hod
+3, +4 hoidc +6.

Kim loai urani dang thoi phan ing cham chap véi axit nitric, nhung bot urani phédn ng
manh liét dén miic gay né.

Urani kim loai hod tan dé dang trong axit clohydric tao thanh hén hop céc mudi UCl, va
UCL. Khi tang nong do axit lugng tuong déi clia UC, tang dan lén. V6i axit HCl 12M chi tao
thanh UCI,. Khi urani tdc dung v6i axit clohydric cé sur hinh thanh két tda khé tan mau den,
duge cho 1a vrani hydroxihidrua.

Khi khong ¢6 mit chit oxt hod, & nhiét d6 thudng, cic axit sunfuric va percloric khong
phan tng voi urani. Phan (mg s& xay ra khi ¢6 thém H,0, hoac HNO,. Axit sunfuric dic néng
tdc dung cham v6i urani kim loai tao thanh U(S0,),. Axit percloric bit ddu phan (mg vé6i urani
kim loai khi dung dich dugc ca bay hoi cho dat duge néng do axit 16n hon 90%.

V6i urani kim loai axit octophotphoric cfing xir s giong nhir axit percloric. Céc axit hifu
co chi phan dng vai urani khi ¢6 mat mot Iuong nhd axit clohydric.
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9.3.2.5. Phan trng vdi cdc kiém

Cic kiém manh ciing khéng anh hudng gi dén urani. Nhumg dung dich kiém ¢6 chia
H,O, hoa tan urani tao thanh cdc peruranat.
9.3.2.6. Phdn tng cia cdc hop kim urani

Hop kim cla urani ciing tham gia cac phan tng gidng v6i urani. Tuy nhién, cac hop kim

clia urani vdi niobi hodc molipden bén hon véi nwée néng.

9.4. CAC HOP CHAT CUA URANI

9.4.1. Cic oxit va hydroxit
9.4.1.1. Tong quan vé cdc oxit cia urani

Ngudi ta da biét nhimg oxit ¢6 thanh phédn ty luong sau day cia urani: UO,, U,0s, U,Q,,
U.0,., U,0,, UO;, UO,.xH,0. Ngudi ta khong thu duge hop chit bén urani monocoxit (U,0).
Oxit U,0; [a gia bén. Cic nghién citu phan tich hod 1y hé urani-oxi cho thdy rang cé tén tai mot
vai mién déng thé cé ty 18 khéi lugng uranifoxi thay déi rong mot kKhoang nhat dinh. Mot trong
céc vi du 1a mién tir UQ, dén UQ, ,;. Trén hinh 9.1 wrinh by gian do pha clia he U-O.

e UOs.,
a USOE-x +U5013:x
1000 ™ yo (hexag.)
800 Ml U,0,, (hexag.}
UsO a4
- s U;0x, (hexag)
_ Y-UO, o
400 - ¥-UQ,
Us?m: _ 740, '
200 - UO,, (homb)  ViOs«{rhomb)
0 : - U,04, (rhomb)

2.00 2.25 2.50 2.75 300 O/U
Hinh 9.1. Gian d6 pha clia h¢ U-O.

9.4.1.2. Urani dioxit

Urani dioxit dugc diéu ché bang cich khir urani trioxit UO, hoac triurani octaoxit U,0y
véi hydro (thudng bang hén hop H,, N,, NH, 12 sin pham cla sy cracking amoniac) & nhiét do
500 - 650°C. N6 ciing hinh thanh khi oxi hod urani kim loai trong khong khi & 150 - 170°C.

Urani dioxit ¢6 mau tir ndu dén den, rat bén nhiét, ngay khi dot ndng dén hod hoi ciing
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khong bi phan huy, la oxit bazo, trong ting véi hydroxit baza U(OH),. Urani dioxit hoa tan trong
cac axit manh, khi khong cé mat oxi cla khong khi, tao thanh ion U*, nhung trong axit nitric
tac thanh ion uranyl UO,>.

9.4.1.3. Trinrani octaoxit

U,0y hinh thanh khi nung UQ,, UQ,, UQ,, c4c musi clia urani hoi tri (IV) hoac (VD)
trong khong khi & 700°C,

Triuran octaoxit chi hoa tan trong dung dich dac clia cc axit manh. V& axit clohydric
hoac sunfuric san phdm thu dugc 12 hén hop cdc mu6i urani hod tri {IV) va hoa tr1 (VI), trong
axit nitric chi hinh thanh mu6i hod tri (VI).

9.4.1.4. Urani trioxit

U0, dugc diéu ché bing cdch nhiét phan uranyl nitrat hoac amoni diuranat & 350°C hoic
nung néng UO,.nH,O lén 400°C,

Urani trioxit 12 mot oxit ludng tinh, né hoa tan trong axit tao thanh ion uranyl, tic dung
vdi kiém tao thanh mu6i uranat Me,UQ, hoac polyuranat Mc,U,0,, Me,U,O |, va cdc polyuranat

khac (Me I cac kim loai kiém hoac amoni).

Urani trioxithydrat UO,.H,0, ¢6 thé viét dudi dang UO,(OH),, 1a mot hydroxit ludng
tinh. S6 phan tr nudc trong urani trioxithydrat ¢6 thé thay ddi, ngoai monohydrat néi trén con
¢6: U0, 2H,0, UO,.0,5H,0, va 2UQ, 3H,0.

9.4.1.5. Urani peroxit

Peroxit UO,.#H,O chi 16n tai & dang hydrat v&i 2, 3, 4 va 4,5 phan tif nude. N6 dugre
dic¢u ch€ bing tac dung cla H,0, lén cic hop chat hod tri (IV) vi hod tri (V1) cua urani, khi c6
mat axit nitric. UQ,.nH,0 khoéng tan trong nudc nén su két tha peroxit thudng duoc sir dung dé
tach urani khoi tat ca cdc nguyén 16 khdc, ngoai trir thori, plutoni, neptuni, ziriconi va hafni.
UO,.nH,O 1a mot oxit axif.

9.4.1.6. Cdc hydroxit

Cic hydroxit cha urani hod tri (I1D), U(OH),, va hod tri (IV), U(OH), 14 cic hydroxit
bazo. Ching tdc dung véi cic axit manh trong didu kién khong c¢d mat oxi va cde chat oxi hod
tao thanh mot cdch tuong (g ion U™ hoac U*. Vi cdc axit ¢6 tinh oxi hod, hodc khi c6 mat
khong khi, chiing bi oxi hod thanh ion urany! (UQ,>).

Hydroxit cha urani hod trj (VI), UQ,(OH),, 1a hydroxit ludng tinh. N6 tao thanh hai loai

mudt: mudi uranyl va mudi uranat. Uranyl hydroxit biéu 16 tinh bazo khi tao thanh muéi uranyl,



tinh axit khi tao thanh mudi aranat.

9.4.2. Cac halogenua

Urani tao thanh nhiéu hgp chat vdi halogen:
UF, UF, UF, UF
uCl, UuUd, Uud; uQ;,
UBr, UbBr,
U, Ul
Tinh bén clia cdc halogenua giam di khi nguyén ti lugng cia halogen ting lén. V6i ciing

mdt halogen, tinh bén cla halogenua tang lén khi s6 nguyén tir halogen trong phén tir tang én.

Trong cdc halogenua clia urani, UF, nhat 13 UF, ¢4 tdm quan trong dac biét.

9.4.2.1. Urani tetraflorua

UF, 1a nguyén liéu dé didu ché urani kim loai, né cd thé duge diéu ché bang cich két tha
ion U* trong dung dich bang anion F'. Két tha thu duge la UF,.nH,0, véi n £ 2,5 . UF, khan
diéu ché bing tic dung clia HF véi UQ, & 550°C. C6 thé thay HF bang mot tac nhan flo hod
khdc (ching han C,CLE,, CCLF,, CCIE,, C,CLF,, CHCL,F). Phuong phip t6t nhat dé diéu ché
UF, khan 12 di tir urani peroxit theo sg d6 sau:

H NH gHE
UO,2H,0 =—s UO, —2» UO, —* ¢ NH,UF, — UF,
250° ¢ 600° C 150°C ahict phan

UF, bj thuy phan bdi hoi nudc tao thanh UQ, va HF, & nhiét dd cao bi oxi hod bai oxi
tao thanh UF,:

2UF, +0, —» UQG)F, + UF,.
800°C

Urani tetraflorua khong hoa tan trong cdc axit & nhiét do thuomg, nhung tan cham trong
cdc axit da dun néng nhu axit sunfuric dac, axit octophotphoric, axit nitric. N6 cling bi hoa tan
trong dung dich chifa cdc tdc nhan oxi hod nhu (Ce®, dung dich H,0, trong amoeniac) heac chita
chat tao phic vé6i ion F nhu Fe'™, H;BO..

9.4.2.2. Urani hexaflorua

UF¢ 1a mot chat dé bay hoi, duoc ding dé lam gidu déng vi U, vi th€ ¢6 tdm quan
trong dac biét trong cong nghé hat nhan.
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a) Tinh chdt 1y hoc cita wrani hexaflorua

Diém ba clia UF; nim & nhiét do 64,02°C va dp sudt 1134 mmHg. Vi th&€ né khong t6n
tai O trang thdi 1éng dudi dp suat khi quyén ma thang hoa & 56,5'C. Ap sudt hoi bio hoa ca né &
nhi¢t d6 phéng 1a 120 mmHg.

b) Tinh chdr hod hoc ciia wrani hexaflorua

Urani hexaflorua bj thuy phén theo phuong trinh:

UF.+ 2H,0 — UOQ,F, + 4HF

Trong khong khi 4m ciing xay ra phan ¢ng trén. Néu UF, duge dung trong binh thuy

tinh thi HF tao thanh trong phan ting trén & phan img vé6i thuy tinh:
Si0;, + 6HF — H,SiF, + 2H,0

Nuéc sinh ra lai tiép tuc thuy phan UF, , cif the cho dén khi toan bo UF, bi phd huy. Vi
thé khong duge diing binh thuy tinh dé dung UF,.

Néu trong binh c6 mat NaF, su thuy phan sé b dimg lai, vi natri florua hap thu ca HF va
nude dé tao thinh NaF.HF, NaF.2H,0. Nhu th€, néu trong hé 6 chifa NaF, thi ¢6 thé dung UF,
trong binh thuy tinh.

Cac chil hitu co bi cacbon hod duéi tac dung cha UF,. Chi nhitng hop chat hivu co di flo
hod toan phén, tic 1a tat ca cdc nguyén uir hydro bi thay thé bdi cic nguyen tir flo, méi bén véi
UF,.

Oxl, nito, halogen, cacbon dioxit khong tic dung véi UF, Khi dung néng, céc
halogenua hydro chuyén hod UF thanh tetraflorua. Amoniac 1dng tic dung v6i UF, ngay & -
78°C tao thanh NH,UF;. V6i nhi€u florua kim loai UF tao thinh cdc phiic dang MeF.UF,, trong
dé Me la kim loai hod tri (I) nhur Ag, Na, K, Rb.

) Chuyén hod wrani oxit thanl urani hexaflorua

UF, duge img dung dé 1am giau déng vi ***U trong cong nghé san xudt nhién liéu vrani
cho 16 phan ting hat nhan. Trong chu trinh nhién liéu hat nhan, bi¢n ddi urani tr dang UG, sang
UF, dé dua vao lam giiu dong vi goi 1a cong doan chuyén hod (conversion).

Tir san pham cha thuy luyén quing urani, UF, ¢ thé dugc san xuit bang hai phuong
phép: phuong phap udt va phuong phdp kho. Ngay trong phuong phdp uét dé san xuat UF, ciing
bao goém hai loai phuong phdp chuyén hod, chuyén hod w6t va chuyén hod kho.

1) Phuong phap chuyén hosi vt

Trong phuong phdp chuyén hod nay, ion urani hod tri (V1) thu duoc tir cong doun tinh

ché urani (bang chiét hoac trao d6i ion) duge khir trong dung dich vé jon urani hod trj (IV) bing
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phuong phdp hod hoc hoac bang phuong phép dién hod, réi tién hanh két tha UF,.3/4H,0 trong
dung dich & 90 - 100°C biang HF. Urani tetraflorua ngdm nuée duge 1am khan ¢ 400-450°C. UF,
kKhun duge chuyén thanh UF, bing cich flo hod v6i khi flo trong thi€l bi phan (ng ngon Iia
hodc tdng soi. UF, tich ra khoi hén hop phan tng khi lam lanh.

2) Phuong phap chuyén hoa kho

Nguyeén liéu chuyén hod phuong phdp kho la UQ,. Trong phuong phdp nay UF, thu
dugc bing phén mg clia bot UQ, vdi HF kho. Phan ing nay toa nhiét nhung ta mét phan img di
thé€ khi - rin khé tién hanh, nén dugc thuc hién trong cdc thift bi phén tng tdng so1, 16p dong
hoac vit tai. Dé nang cao hiéu suét chuyén hod thanh UF, thudng phai ghép nhiéu thiét bi phan
dng ndi ti€p nhau. Trong cdce thiét bi phan g 1dp dong ngudi ta c6 thé phan thanh hai ving
phin ting, mot ving dung dé khit UO, hoac U,0, bang hydro va ving ti€p theo cho phan ting cla
HF v6i UQ, méi sinh. Phuong phdp nay ¢6 lgi & chd UQ, mdi sinh ¢6 hoat tinh cao ¢ thé phin
{tng gdn hoan toan véi HF & 550 - 650°C dé chuyén thanh UF,. Su flo hod tiép tuc cing ti¢n hanh
nhu & phan (1).

3) Quy trinh cong nghé san xuat UF,

Quy trinh cong nghe san xuit UF, thudng duge trinh bay bao goém toan bd cdc cong
doan xUt 1y hod hoc tir san phdm cha thuy luyén quang urani dén UF, tic 12 bao gdm ca cac cong
doan lién quan dén chuin bi nguyén ligu UO, va cde cong doan cua chuyén hod thanh UF,. N6
cling duge chia thanh cic phuong phdp udt va phuong phap kho. Sy phan chia dua vae cdch tién
hanh san xudt UQ,.

- Trong phuong phdp wot, sin pham thuy luyén quing urani duge tinh ché dén do sach
hat nhan bang phuong phdp chiét, thudng vdi tdc nhan tributylphotphat (TBP), dung dich uranyl
nitrat thu duge sau giai chiét hodc dugc co bay hoi dé két tinh UO,(NO,),.6H,0, két tha amoni
diuranat (ADU) vdi amoniac, hoac amoni uranyl cacbonat (AUC) vdi NaHCO,. Cac mudi ndi
trén duge nhiét phan tao thanh UO, hoac U,O, réi khif cic oxit nay bang hydro thu dugc tir
cracking amoniac. Cong doan chuyén hod thanh UF, cd thé tién hanh theo phuong phdp Kho
hodc uét nhur di trinh bay ¢ phan trén.

- Trong phuong phdp khé, sam phim thuy luyén khong qua tinh ché duoc tao thanh hat
~ 16i khir truc tiép bing hydro & nhiét do 540 - 650°C dé thu dugc UO,. Cong doan chuyén hod
UQ,; thanh UF, c6 thé tién hanh phuong phdp wét hodc kho. Sin phim UF, thu dugc s& dugc
chung cdt dé tinh ch& urani dén d6 sach hat nhan, trude khi dua vao lam giau déng vi.

dj Tai chuyén hod tr UF, thanh UO,

C6 ba phuong phdp thuc hién viéc tdi chuyén hod UF, di 1lam giau déng vi **U thanh
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UG, ¢6 hoat tinh thiéu két cao dé ép va thiéu két thanh vién nhién liéu, trong dé c6 hai phuong
phdp u6t vi mot phuong phap kho.

Gidng nhur moi cong viéc lién quan véi urani d 1am giau ddng vi, khi tién hanh tat ca
¢de phuong phdp tdi chuyén hod, sy an toan t6i han cdn duoc chi trong dac biét. Can cd cdc bién
phap dim bao chac chan khong xay ra phan fing phan hach day chuyén khong kiém soat duge do
dat dén khéi lugng t6i han. Kh6i lugng t6i han phy thude vio mie 1am giau 2°U, vao mic do
lam cham va kich thuge hinh hoc cla thiét bi. Vi the thiét ké cic binh chifa cd bé mat 1én, tao
di€u kién cho notron thodt ra moi trudng xung quanh, tranh dat dugce cdc diéu kién té1 han. Kich
thude cta cde dung cu, thiét bi, bé day clia 16p loc déu phai duge gidi han mot cich thich hop.
Nguti ta ciing dat trong cdc thung chia hoac cdc thiét bi phan fng cdc thanh hap thu notron
bing bo cacbua hoic cadimi.

1) Cac phuong phap uot

Trong phuong phdp uét, UF, duge dua vao dung dich dé phan tng vdi tdc nhan lam két
tua hop chat khé tan clia urani, dé lai ion florua trong nude loc. Dung dich chifa ion florua
thudng duge ket tha véi nude voi dé thu duge CaF,, hodc chuyén sang cac nha mdy san Xuat cac
hop chit hitu co chita flo.

Phitong phdp amonidiuranat (ADU)

Phuong phdp nay dugc phét trién & My tr nhitng nam nam muoi cta the ky trudec va
ngay nay van con la phuong phdp thudmg gap nhat trong cic nha may tdi chuyén hod. Nhurge
diém co ban cia phuong phdp nay la UO, tho thu dugc con chira téi 2% (khoi lugng) florua,
khong diing ngay dé ép va thiéu két dugc ma phai qua cong doan xir Iy sau tdi chuyén hod. Hai
phuong phdp tdi chuyén hod khic déu khic phuc duoc nhuge didm nay. Chinh vi thé phuong
phap ADU khong con duge diing trong nhitng nha mdy tdi chuyén hod méi xay dung.

Trong phuong phap ADU, UF; 4y tir nha mdy tam giadu duge hod hoi va thuy phan bing
nudc theo phuong trink:

. UF; + 2H,0 - UQ,F, + 4HF

Dung dich UO,F, dugc cho phan img tiép v&i amoniac dé thu duoc két tha
amonidiuranat;

UO,F, + 8HF + 14NH, + 3 H,0 - (NH,),U,0, + 12NH,F

Thuyc ra thanh phan clia két tha phiic tap hon, ¢6 thé chita céc polyuranat khdc. Ngoai ra,
ket tia diuranat hap phu mot luong dang k€ ion florua. Su nung khir két tha nay s& chi cho phép
thu duge UO, the, chifa t6i 2% florua, chua thé ding dé ché tao vién nhién lidu. Vi thé két tia _
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duge loc rira, hoa tan lai trong axit nitric rdi két tla lai nhiéu lan hoac chigt nham loai ion florua,
sau dé duge 1am kho & 200°C, nhiét phan & 350 - 500°C dé thu duge UO, hoac U,O,, khir thanh
UO, bang H, clia hén hop khi cracking amoniac. Bot UO, thu dugc cé thé ty boc chdy, vi thé sau
khi lam nguoi trong méi trudng khi khir xusng dudi 100°C phai dugc ox1 hod nhe c6 kiém so4t
bing khong khi.

Phuong phdap amoni-uranyl cacbonat (AUC)

Quy trinh cong nghé nay duge phét trién nhimg nam 1960 tai Dic, trong d6 ngudi ta dua
vao dung dich ameni cacbonat da dﬁqc lam néng 1en 70°C déng thoi UF,, CO,, amoniac dé 1am
két tha tetraamoni-tricacbonat-dioxouranat, thudmg goi don gian la amoni-uranyl cacbonat:

UF; + 2H,0 + CO,+ NH, — (NH),[UO,(CO,),] + 6NH,F

Tinh chdt cia san phdm chiu anh hudng manh cta diéu kién két tha, vi thé, dé thu duge
san phim ¢4 tinh chait mong mudh, céc diédu Kién phan img phai duge kiém sodt rdt nghiém ngat.
K&t ta sau khi loc, rita bing dung dich amoni cacbonat va lam khé ¢ 200°C chita chi dudi
0,05% florua.

Trong 15 ting soi, & nhiét do 500 - 700"C, ding luéng hoi nudc 1am moi rudng tao 16p
$6i, amoni-uranyl cacbonat bi nhiét phan thanh UOQ; 16i bi khir bdi H,, hodc bdi hén hop khi thu
duoc khi cracking amoniac thanh UQ,. Nhd nhiét d¢ cao va tdc dung cua hoi nuée, ham lugng
florua trong san phdm chi con dudi 100 ppm. Bot UO, thu durge c6 thé tr boe chdy, vi the sau khi
lam nguoi trong mdi trudng khi khir xuéng dusi 100°C phai duge oxi hod nhe 6 ki€m sodt bang
khong khi.

2) Phuong phép kho (Integrated - Dry - Route process, viét tat la IDR)

Trong quy trinh nay, hoi UF, ducc cho phin tmg véi hoi nude nfu qué dé€ tao thanh
UQ,F, & thé rin. Chat rin nay dugc khir bing H, trong 10 16p dong hoac t6t hon 1a trong 10 quay
dé€ thu duge UO,. Bot UQ, thu duge trong phuong phap kho chifa it florua. Su oxi hod nhe bot
UQ, ciing duge tién hanh gidng nhur trong cic phuong phap wdt.

9.4.3. Hop chat cta urani voi cdc nguyén to khic

9.4.3.1. Hop chdt véi hydro

Urani hydrua UH, hinh thanh do phén ing ciia hoi nude v6i urani & 250°C hoac do phan
ing truc ti€p cua urani kim loai véi khi hydro:

2U + 3H, == 2UH,

Urani hydrua c¢6 thé wr bdc chdy trong khong khi tao thanh U0y, phan ung vdi halogen
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tao thanh urani tetrahalogenua, khi phan huy tao thanh urani kim loai dang bdt min, trong dung
dich chat oxi hod bj oxi hoa thanh ion uranyl.

9.4.3.2. Hop chdt vdi cacbon

Urani tao v6i cacbon nhidu cacbua ¢é thanh phin khic nhau: UC, UG, va U,C,. Cic
cacbua nay cé thé diéu ché bang tic dung iruc ti€p ctia urani voi cacbon & nhiét do cao
(2000 - 2400°C). Sy 140 thanh cacbua cé thanh phan nhu the nio tuy thude vao ty 1é khoi luong
cAc nguyén 16 dua vio phén ting. Urani cacbua cling tao thanh khi khir tetraurani heptaoxit bang
cacbon & nhiét do cao:

U0, + 11¢ %S 3uc + 3co
U,0, + 14C 2¥%°C 3u¢, + 8¢0

UC ¢6 thé diéu ché€ bing phan tmg ciia urani kim loai v&i metan & nhiét do tuong dai
thap:

625-900"C
v+cH, 22290 veson,

Ngoai ra ciing c¢6 thé thu duoge U,C, bang cdch nung hén hop UC va UG, rong chan
khong ¢ 1250 - 1800°C theo ty Ié 1/1 vé& phan tir gam.

Urani dicacbua rit hoat dong hed hoc, & dang bot UC, ¢6 thé ty bdc chay, khi chiy
trong khong khi hoac oxi ¢ 400°C san pham 1a U,0,. N6 phan ing voi nuée va kiém tao thanh
urani hydroxit va hydrocacbon. Urani dicacbua chi phan dng vdi iot ¢ nhiét do cao (500 -
600°C), nhung phin ving minh liét véi brom va clo tao thank bromua vi clorua, con phdn tmg voi

florua gay né.
9.4.3.3. Hop chdt véi cdc d kim khdc

Urani tao thanh véi nito nhiéu nitrua: UN, UN, va U,N,, trong d6 UN tong hop bang
phan tng gilfa urani va nito & nhiét do cao, con dé tao ra UN, cin ¢6 them 4p sudl cao cla nito.
Sur khir UN, bang hydro tao thanh U,N,. Trong khong khi cic nitrua c6 thé chdy, ching cling
phan {ng véi hoi nude, tac dung manh véi H,PO, dic nong vi HCIO, dac, nhung khong phan
tmg véi dung dich cdc axit clohydric va sunfuric,

Urani tao thanh nhiéu sunfua, selenua va telurua c6 thanh phan khdc nhau: UE, UE,,
U,E, vd UsE, (E 1a nguyén tr luu huynh, selen hodc telua). Cic hop chét nay téng hop bing
phan (g cla cic H,E vdi urani hoac urani hydrua cing nhu tdc dung cta H,E vdi UCI, hoac
UQ, khi ¢6 mat graphit.

Urani cling tao thanh nhiéu silixua c¢é thanh phdn khdc nhau: U,8i, U8, USI, US|,
va USi,.
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9.4.4. Urani trong dung dich

Trong dung dich, urani cé thé 16n tai & dang cdc ion U™, U, UO,", UG,™.
9.4.4.1, Ion urani hod tri (I11)
fon U™ hinh thanh khi hoa tan UCI, trong nude hodc bing cdch khir dién hod ion hod try

cao hon trén catot. N6 khong bén va phan tng ngay (sau khi tao thanh) véi nude theo phuong
trinh:

207 + 2H,0 —» 2U*" + H, + 20H

9.4.4.2. Ion urani hod tri (IV)

U* tao thanh khi hoa tan urani-tetraclorua, -tetrabromua hoac - tetraiodua trong nudce.
N6 ciing hinh thanh khi oxi hod U™. Ion urani hod tri (TV) bén nhung thuy phan manh:

U* +H,0 = UOH"+H"
Moi trudng axit cin trés sy thuy phan ciia U*.

Céc ion oxalas, iodat, pyrophotphat, hypophotphit, cupheronat vi hydroxyl tao thanh
cdc hop chit khé tan v6i U** trong dung dich.

9.4.4.3. Ion urani hod tri (V)

Ton hinh thanh khi khir dién hod ion UO,” trong dung dich hoac khi hoi tan urani
pentaclorua trong nuéc. N6 kém bén nhit trong cc dang ion chia urani, chi bén ¢ pH = 2.,5. G
céc pH cao hon né bi thuy phan rat manh, con & pH thip hon, n6 1 oxi hod - khur theo phuong
trinh:

2U0,"+ 4H' = U, + U* + 2H,0
9.4.4.4. Ion urani hod tri (VI)

Ton urany] hinh thanh trong dung dich khi oxi hod cdc trang thdi hod tri thap hon cla

urani, nd thuy phan tao ra nhiéu phiic da nhan:
200, + H,O == U0 +2H"
U0+ U0 + H,0 == U0 +2H"
U0 + H,0 == U.Q(OH)' + H’
Nhimg su thuy phan tiép theo din dén sy hinh thanh U,O(OH); hodc ca U,04(0OH),”.
Trong méi trudng axit sy thuy phan ion uranyl bi cdn trd, vi thé & pH du thip, ion uranyl

rit bén.
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9.4.4.5. Cdc muoi uranyl, uranat va polyuranat
1. Cdc muct wranyl

Ton uranyl tao thanh mudi véi cdc axit v co va hifu co, ching han UO(NO,),.nH,0,
UO,50,.#H,0, uranyl axetat, uranyl oxalat..., va cdc mudi kép c6 chita cation kim loai hod tri (I)
va (II) dang Me'UOLNO,),, Me"UO,(NO,),, Me'UOy(O,CR);, Me"UO,O,CR),.... trong dé
O,CR 1a g6c axit hitu co v6i R 1a géc cacbua no hodc cacbua thom. Trong cdc mudi kép nay,

mudi natri - urany] triaxetat khé tan ¢6 nhiéu iing dung hon ca.

Trong céc mudi uranyl, uranyl nitrat ¢é vi tri quan trong, né dé tan trong nudc vi trong
nhiéu dung moi hitu co, vi thé duge ding trong tinh ché uranyl bang phuong phdp chiét. Uranyl
nitrat két tinh & dang hexahydrat tir dung dich axit nitric lodng, trihydrat tir dung dich axit dac,

va monohydrat tir axit nitric béc khoi.
2. Muéi uranat va polyuranat

Uranat va pofyuranat dugc tao thanh khi dung dich chifa jon uranyl tic dung vdi kiém
hoac amoniac. Cic mudi uranat ¢é cong thiic chung Me',UO,, con thianh phin cla cdc
polyuranat thay d6i, wy theo diéu kién clia phan img hinh thanh céc mudi nay. Cong thic chung
clia cdc diuranat 1a Me',U,0,. Ngay nay ngudi ta da biét cdc polyuranat ¢6 thanh phén nhu sau:
Me',U,0,;, Me',U,0,, Me',U,:0, MelU,0,, Me"U Oy, Me"U,0,,, Me'U,0,,, Me"U,0,.
Trong cic polyuranat ¢6 cdc chudi lién két -O-U-O-U-O-.

Nau chay cacbonat hoac cdc mudi khic chia kim loai kiém véi hdn hgp céc oxit UQ, va
U;0y 0 400 - 450°C tao thanh divranat, con & nhiét d¢ cao hon, san pham thu duoe s& Ia monou-
ranat hodc mezouranat (Me',UOs) tuy theo ty 1& khéi lugng clia hén hop dau. Khi trong hén hop
¢6 qud du thira U, Oy san pham s& la Me',U,0,;va Me', U, O,,.

9.4.4.6. Su tao phitc ctia urani

Céc ion U* va uranyl tao ra mot s6 16n ion phic va phic chat. Pién tich duong 1ém va
bin kinh ion nhé lam cho U* ¢6 kha nang tao phiic manh véi hang loat anion goc axit dé tao
thanh cdc ion phitc mang digén duong: UI,*, UBr,", UCL,*, UCLY, U(SO.)’", U(SCN)** . Tir bang
9.2 ¢6 thé thiy ring, hing s6 bén cla phic giita U*” va anion halogen nhd hon tir hing chuc dén

hing tram lan so véi trudng hgp anion thioxianua hodc anion sunfat,

Trong méi trudng axit, U™ tao thanh céc ion phic mang dién am: U(C,0,).", U(SO,).*,
UE>, UR2, UFs , UCI, UNO,),>. Cdc ph6i tit cling c6 thé 13 anion géc axit cacbonic, xitric ,

malic... Y atc clia U* v6i axetylaxetonat va cic dixeton khdc tan trong cdc dung moi hitu co.
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Bdng 9.2. Hang s6 can bang cla phdn ing U* +nA__ UA ™
& 25°C va luc ion trong dung dich u=2.0.~

Anion Hing 6 can bang khi r = 1 (mol/ly’ Hang s6 can bing khi # = 2 (mol/fy’
Cr 1,21 1,14

SCN 3l 130

SO.% 330 7400

Maic di chi ¢6 dién tich 2+, lai ¢6 kich thudc 19n nhung ion uranyl ciing tao thanh rat
nhiéu ion phitc: UO,F", UO,E™, UQ,F, UOE™, UOyS0,),", U0O,(CO,),", UOLCO,),*Y,
UQ,(CN),”... Hing s§ can bing cia phan (ng tao phic gita CI, Br', va NO" v4i ion uranyl
tuong d6i nhod (bang 9.3), sy tao phitlc UO,(NO,), , UO,(NO,).> va UO,CL* vai on nitrat chi
xay ra khi ¢6 mat chat mudi két, ching han phitc véi ion nitrat chi hinh thanh khi ¢6 mat cdc
mudi cla axit nitric vdi nong do cao.

Ion uranyl tao ra nhiéu ion phitc véi axit octhophotphoric ¢6 céng thitc chung
UOQ,H,(PO,), 7™,

Cac mudi uranyl UQ,X, tao phitc UQ,X,.2CS(NH,), vdi thioure. Nhiéu phic hdn hop

cla uranyl nhu:
Me'[(UO:}3{0H)(C03)3(H20)_q] .MCE[UOE(OH)(COQ(HZO) 3
Me',[UOL(CO X C,0.)H,Q),], Me' [UO,(C,0)(CNS)H,0),]

c6 thé duoc chiél mét cich chon loc bang cic dung mai hitu ca thich hop.

Bdng $.3. Hing s6 can bang cia phan ing UO,™ + nA” == UQ,A.™" ¢25'Cvalicion p= 1.0,

Anion Hing s6 can bang khi Hang s6 can bang ki | Hing so can bang khi
n = L{mol/ly' n = 2(mol/l)? n =3 (mol/h)?

F 3.9.104 8.6.107 310"
Cr 0.8 - -
Br 0.5 -
NO, 0.5 ] -
S0 50 350 2.5.10°
CH,COO 240 2.3.10° 2.2.10°8
CICH.COO 27 180 500
HOCH,COO 265 9.1.10° 1,6.10°
SCN 57 5,5 15

147



9.5. UNG DUNG CUA URANI VA CHU TRINH NHIEN LIEU HAT NHAN
9.5.1. Khai niém

Trudc nguy co thay déi khi hau toan cdu do 6 nhiém khi nha kinh véi nhimg hau qua
nghiém trong khong ludng hét duitoc, dién hat nhan, giai phdp phat dién it phat thai CO,, ¢6 vai
trd khong thé bod qua trong chién luge phat trién bén vilmg cla cic qudc gia. Urani, nhién liéu
cua cdc 10 phan img hat nhan, vi th€, 12 1ai nguyén ¢6 tdm quan trong dac biét. Chudi cac hoat
dong cong nghe, bat ddu tir khai thic va xir Iy quang urani, ché tao nhién liéu hat nhan, sir dung
nhién liéu trong 10 phan tng, va cudi cung la viéc x{r 1y tdi ché€ nhién liéu sau khi bifc xa tao
thanh mot chu trinh khép kin goi la chu trinh nhién liéu hat nhian. Céc dang cha chu trinh nay
duge mo ta chung trong motso dé & hinh 9.2.

9.5.2. Cac dang chu trinh nhién liéu

Tuy theo dang 16 phdn {mg, dang nhién liéu va viéc ¢4 ti€n hanh tdi ch& nhién liéu da

chay hay khong, ngudi ta phan biét ba loai chu trinh:

Chu trind sit dung nhién liéu mét lan (once - through fuel cycle), & dé nhién lieu chi di
qua 156 c¢6 mot 1an. Sau khi phan hach, nhién li¢u duge luu gilt & mét bé canh 16 phan img cho
dén khi duge chuyén dén noi luu trif trung gian, va cudi ciing dem xir 1y, chon cat vinh vién & xa
khu virc 16 phan img, thudng trong cdc hang dong nam sau trong 1dng dat. Loai chu trinh nay

ducc thuc hién & tat cd cdc qubc gia 6 nha mdy dién hat nhan.

Chu trinh ldp ctia 16 phdn img nhiét (thermal reactor recycle) |a mot dang van hanh cla
16 nude nhe (LWR), & d6, sau khi da 1am ngudi, nhién liéu da chdy duoce tdi ché d€ tich urani va
plutoni ra khoi cdc san pham phan hach. C urani va plutoni d& tach ra duge sir dung dé ché tao
loai nhién liéu hén hop oxyt (MOX). Nhién liéu naty duge nap lai vao 1o. V& nguyen tic, nhién
ligy MOX sau khi phan hach lai ¢6 theé duge tdi ché va chu trinh ¢6 thé 1ap lai nhidu l4n. Hién
nay chi c6 4 nuéc trén thé gisi (Phdp, Nhat Ban, Bi va Anh) dang tién hanh sin xuat nhién ligu
MOX va ¢6 32 15 phan img st dung loai nhién liéu nay .

Chu trink 16 phdn g tdi sinh nhanh (Fast Breeder Reactor - FBR), 6 d6, su hinh thanh
cdc hat nhan ¢6 kha ning phan hach 16n hon 8¢ d¢ phan hach. Khi van hanh mét cich thich
hop, 16 FBR ¢6 thé san sinh ra nhiéu hon plutoni phan hach duoe so véi lirong plutoni duge nap
vao 16. Vi gid thanh xay dung va chi phi van hanh cao, trong khi vrani ty nhién con duge cung

cdp voi gid ré, cac 10 FBR con it duge dp dung trong thuc t&,
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9.5.3. Nhitng cong doan chu yéu trong cbu trinh nhién li¢n hat nhan si dung nhién liéu
mdot kan

Mac dir cong nghé tai ché nhién liéu hat nhan da chdy dugc nghién ciu tir nhiéu thap ky,
hoat dong tdi ch€ nhién lieu & quy mé cong nghiép chi dién ra ¢ mot s8 it siév cudng kinh t€
hoac sieu cuong hat phan. Phan Idn cdc quéc gia di cé dién hal nhan dang ti€n hanh luu triv
trung gian nhién liéu da chdy va thuce thi chién fwge "cho xem sao”, nghia 1a che dgt nhimg phat
uién 1i€p theo cia k¥ thuat tdi ché, k§ thuat chon thai cudi cling cic chal thii hat nhan vi dién
bi¢n clia cung céu urani dé di dén két luan din khodt vé quyét dinh ¢6 tdi ché nhién liéu hay
khong. Nhu vay, trong thuc t€, cho dén nay, chi yéu ngudsi ta méi dang thue thi chu trinh st
dung nhién licu mot 1an. Khi xay dung céc nha may dién hat nhan diu tién, trong met, hai thap
ky, chu trinh nhién li¢u ¢6 thé sir dung & nudc ta chac chin & 1a loai chu trinh ndy. Chu trinh sir
dung nhi¢n li¢u mot 1an s&€ bao gom cdc qua trinh cong nghé sau:

a. Phdn rrude 1o (front end):

- Tham do quang urani;

- Khai thic va xur Iy quang;

- Tinh ché va chuyén hod urani k¥ thuat thanh UF;

- Lam giau déng vi U2

- T4i chuyén hod UF, thanh bot UO,;

- Ep vién va thiéu két vien gom UQ;

- Kiém tra chat lugng vién gém UO,:

- Pua vién gom vio thanh nhién liéu vi lip rap cic bé nhién liéu.

b. Phdn sau 16 (buck end):

- Luu gi1it tam thi nhién liéu da chdy ta1 1o phan (ng (At Reactor - AR);

- Luu giit nhién liéu da chdy c6 gidm sdt'g xa 10 phan img (Away [From Reactor -
AFR) cdn goi 1a luu giir trung gfafrt

- Luu gi¥ 1au dai hodc thanh todn két thic nhién li¢u da chay;

- Kiém tra nhién li¢u di chdy va phé thai khi luu gilr Jau dai hoac thanh todn két
thiic.

Céc 160 CANDU ding shién li¢u 12 urani ty nhién. Khi 8y cdc qud trinh cong nghé trude
15 chi con:

-Tham do quing urani;



- Khai thdc va xit ly quang;

- Tinh ch& urani dén do tinh khiét hat nhan;

- Piéu ché bot UO,;

- Ep vién va thiéu két vien gom UO,;

- Kiém tra chit lugng vién gom UQ,;

- Pua vién gém vao thanh nhién ligu va lip rip cdc bé nhién licu.
9.5.4. Mt 50 van dé kinh té cva chu trinh nhién li¢u

Trong Hei thio qudce t¢ “bién, stc khoé vd mai trudng: dinh muc so sanh phuc vu cho

houch dinh chién luge”, G. Stevens {9], mot chuyén gia cua Co quan Ning luong Nguyén tir cha

OECD da dua ra ty 1¢ chi phi cho cdc cong doan cua chu trinh nhién li¢u, Khi tinh cdc chi phi

dau tur vadi chigt khav 5% nhur sau;

Bdng 9.2, Ty l¢ chi phi cho cic cong doan cia phin trudc 10.

Urani tu nhién 34 8%
Chuyén hod 4.56
Lam giiu 39.4%
Ché tao vién gom 21.3%
Tong 1005

Theo bang 9.2, cong doan 1am giau chiém ty 1€ chi phi cao nhat ¢ia phan trudge 1. Dé
dat duoe 1 swu (swu, tam dich la don vi cong phin gidi - separative work unit, la cong cin thiét
dé thu duge | kg urani ¢6 do lam giiw 1,5% U, tr 2,75 kg urani ty nhién) cin tidu 16n 50 kWh
dién ndng, néu lam giiu bang phuong phap ly tam, vi 2.500 kWh bing phuong phdp khucch tin
khi. Mot nha mdy lam gidn dong vi thudng duge thict ké vai cong suat 100 kswu/uam, sé Liéu
ton hang nam tdi 5.10° kWh theo phuong phip ly tam, hoac 2,5.10* kWh (heo phuong phdp
khué&ch tin khi, Cic thict bi lam gidu lai phai lam viéc & ch& do chan khong rit cao, véi cédc ti¢

chufin diic biét vé d6 sach v do bén véi cice tic nhan an mdn manh nhu mudi Morua.
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CHUONG 10
THORI

10.1. SU PHAT MINH THORI, CAC BPONG VI VA TRANG THAI TU NHIEN

Thori duge J. Berzelius tim ra nam 1828 dat tén theo tén goi cl thdn chién tranh trong
truyén thuyét Scandinavi ia Thor. Tinh phéng xa clia thori duge M. Curie v G. Schmidt phat

hién mét cach doc lap vio nam 1898,

Déng vi *¥Th [a dong vi diu cia diy phdng xa 4n. thudng goi la ho phéng xa thori.
Trong ho phong xa ndy mot dong vi phong xa khdc cha thori da duge phit hien, thudmg goi la
thori phong xa RdTh, titc i “*Th. Ngoai ra trong cic ho phéng xa khdc, ho urani vi actino-
urani, con phit hién duge cdc dong vi khdc cla thori: UX,(**Th), [o(**Th)", RdAc(*"Th), va
UY{*"'Th). C6 8 déng vi cua thori phai diéu ché nhan tao. Trong s6 nay quan trong nhat 11 2**Th,
n6 phan rd " tao thanh **'Pa, 10i déng vi niy tiép e phan i B dé trd thanh nhien lieu 27U,
Ngudi ta diéu ché ***Th bing cdch chiéu notron lén theri 1y nthién. Vi thé thori tu nhien (*>Th)
cling giéng nh **U 1a mot trong nhitmg vat lieu xudt phdt dé san xudt nhién lidu hat nhan. Diéu

dé cho thay tam quan trong dic biét cia thori ty nhién.

Bdng 10.1. Cic khodng vat chi yéu chita thori.

Tén khodng vat Thanh phin hod hee | Ham luong ThO, (%)
Monazit (Th.Ce.Y.La)PO, 10 - 30
Thorit vi guttonit ThSIiO, 81.5
Thorogummit Th(Si0,), ,(OH),, 24 - 58
Thortanit ThO,
Scheralit (Th.Ca.Ce)(PO,.SiO,) 30
Pilbarit ' ThO,. U0, Pb0,.28i0,.4H,0 31
Esgynit {Th.Ca.Ce Fe)(T1.Nb).O, 17
Fergusonit (Th,Y.Er.Ce UNNb. Ta THO, 5

Thori ¢ mat kha pho bign trong ty nhién, chicim 8.107% khai luong vo Trai Dél. Thori
la mot nguyén 16 litophilic xuat hién khip noi trén vo Trdi Dat. chi mot luomg twong dSi nhéd

quang thon da dugc bit, quan trong nhdlt 1a quing monazit, trong d6é phiic photphat hén hap cia

" Boéng vi **'Th ciing con duge goi 1 ioni.
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thori va ddt hi€ém 1an vdi cdc hop chat chia silic clia sat, nhom va cdc nguyén to khic. Bang 10.1

liet ke mot s6 khodng vat chi y&u chira thori.

Ngoai monazit, ¢ic khodng vat quan trong cia thori la cdce thori silicat, nhy thorit va
thorogummit, ciing cdc dioxit. Nguoi ta ciing thily ca khodng titano-tantalo-niobar cua dat hi€ém,

thort v urani.

Khi ciic da ndi itra hodc dd bign chit bi nude mua tham ri, thori van bi giit lai rong
mang tinh thé cia khodng thori. vi vy ham luong thori trong nude bién trong doi thip, chi
khoang 4. 107",

10.2. TINH CHAT LY HOC CHU YEU CUA THOR]

Thori 14 kim loai mau trang bac, gidng véi thép mém vé céc tinh chat ca hoc, ¢6 tinh
nghich tir, 1én tai ¢ hai dang this hinh o va 3. Dang tht hinh o ¢6 mang tinh the lap phuong dién
tam, bén dén 1400°C. O nhiét do cao hon né chuyén sang dang B c6 mang tinh thé lap phuong
khoi tam. Thori ¢6 ban kinh nguyén wr 1.8 A, khoi lugng riéng, tinh theo cac dit kién cdu tric
Rontgen. bang 11,72 g/em®. O dang néng chay, khéi fugng riéng clia né dao déng rong khoang
11,5 dén t1,66 g/cm”. Thori néng chay & 1750°C va hod hoi & 4200°C.

10.3. TINH CHAT HOA HOC CUA THORI

Ciing gidng nhir urani, thori 12 nguyén (& thude ho actinit va 1€ ra né phai co tinh chat
hod hoc gidng xeri. Tuy nhién, trong thuc € nhiéu tinh chdt cha né lai giong cdc nguyén 6
thude nhém 1V clia bang tuan hoian 1a ziriconi va hafni dén ndi trong mot thyi gian dai ngudi ta
dit x&p nhim né vao bén dudi nguyeén 8 hafni trong bang tean hoan..
10.3.1. Cau tao cleetron va hoa tri

Thori ¢6 cdu triic electron 18p ngoli 65°6p%6d*7s* hoac 51'65°6p"°6d" 7s°, vi the trong hiu
hét cdc hop chat né thé hién s6 oxi hod cuc dai +4. Trang thdi hod tri thdp hon 1a khong dién
hinh cho thori va chi gap nhu nhimg ngoai I hi thori (IV) phan ting véi cdc chat khit manh.
Trong ciic hop chit ¢6 lién két nia kim loai nhu cacbua, nitrua... ngudi ta quan sdt duoe cdc ty 1é

khong hop thitc. Hop kim ctia thori véi cdc nguyén 6 nhém platin tao thanh nhing hop chat
dang AB, trong wr nhur titan. '

10.3.2. Hoat dong hod hoc cua thori kim loai

10.3.2.1. Tac dung véi oxi v edc phi kim

Thori la mot kim loai hoat dong hod hoc manh. Trong khong khi kim loai dang khoi by
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oxi hod cham ¢ nhi¢t d9 thuong, nhanh & rén 450°C. Thori o dang hat nho ¢6 theé bi dot chdy, &
dang bot né ty bée chdy trong khong khi.

Khi dun néng thori phin dng véi hydro, clo, brom, nite vi hydrosunfua.
10.3.2.2. Tdc dung voi cdc kim loai

Vi tam quan trong dic biét clia thori trong k¥ thuat hién dai, hop kim cla né vai rat
rhi¢u kim logi di duoe nghién ciiu; Cu, Ag, Au, Be, Mg, Cd, Hg, Al, Ga, In, T, La, Ce, Ti, Zr.
Hf, Sn, Pb, V, Nb, Ta, 8b, Bi, Cr, Mo, Mn, Fe, Co, Ni, Os, Ir, Pu. V6i nhi¢u kim loai thori tao
thanh hgp chat gifa cdc kim loai.

G 600"C thori hoa tan trong gali kim loai va & 1000°C trong bitmut vi chi. Liti, natri, va
kali khong ¢6 phan tmg dang ké véi thori cho dén tan 600°C. Didu d6 1a rat quan trong khi thiet

ke cdc 16 phan tng hat nhan ding nhién licu thori kim loai vi chat tai nhiét 1a kim loai néng
chay.

10.3.2.3. Tdc dung véi nude va dung dich axit
Thori tac dung v6i nude s6i gidi phéng khi hydro va tao thanh cid hydrua cla thort,
nhimg mang thori dioxit phit bé mat khong cho phan tng 1iép tuc.

Axit clohydric hoit 1an nhanh thori nhung khong hoin toan, thudng con dé lui can I3
thori hydroxit vi hydrua cia thori von ¢6 {an trong kim loai. Dung dich loiing cdc axit flohydric,
nitric, sunfuric va axit photphoric dam dac tic dung cham véi thori kim leai dang két khéi. Axit
nitric dam dic thu dong hod thori kim loai.

10.3.3. Cac hop chit caa thori
10.3.3.1. Cdc oxit va hydroxit

St ox1 hod thri luén tao thanh thori dioxit ThO,. Thori monooxit, ThO, chi ¢é trong
kim loai thori nhu 1i mot tap chat. Theri dioxit ciing duge diéu chd bang cich nhiét phan
hydroxit hoac cde mudi cua thori nhu oxalat, nitrat, cacbonat. .

Khdc véi ziriconi va hafni dioxit, ThO, hoa tan dé dang trong axit sunfuric. né khong 1an
trong kiem.

Thori hydroxit, Th(OH),, két tha khi dung dich céc hop chat cua thori (IV) e dung véi
kiém hodc amoniac, 14 mot bazo va holt tan trong axit. N6 ciing hoit tan 16t rong dung dich
cacbonat cua kim loai kiém va mudi ctia cic axit hitu co dé tag thanh phiic chal.

10.3.3.2. Cdc halogenua cua thori

Nguoi ta dd bi¢i cic hatogenua sau day cua thori: ThF,, ThCl,, ‘ThBr,, Thl,, Thl, va Thl,.

Cic mudti tetrahalogenua khan cia thori ¢é thé diéu ché bang ric dung truc ti€p ca thori kim
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loai v6i hatogen & nhi¢t do khodng 500°C, hoic bing phan tmg & nhiét d9 cao gitta hydrua,
cacbua hodc dioxit cua thori vdi halogen hoac cic tic nhin halogen hod nhu halogenua hydro,
CCl,, COQ),, PCI;, AlBr,.

Khi dun néng thori véi mudi tetraiodua, & 500°C s€ xay ra su tao thanh Thl.. Khi ti€p tuc
nang nhiét do lén 550-600°C mudi Thi, tu oxi hod - khir thanh Thl; va Thl,. G nhigt do 600°C
‘Thl, vi Thl; 1y bién doi thanh Thl, va thori kim loal.

10.3.3.3. Cidc hydrua cua thori
Hydro phan tng vdi thori ¢ 450 - 500°C tao thanh cdc hydrua ThH, va ThH, 1a nhimg
hgp chdt ¢6 hoat tinh hod hoc cao.

10.3.3.4. Cdc nitrua ciia thori

Thori phan tng vdi nitg & 800"C tao thanh ThN, con & 1000°C tao thanh Th,N..

10.3.3.5. Cdc sunfua cda thori

Thori két hop vdi ltu huynh tao thanh nhiéu sunfua va polysunfua: ThS, Th,S., ThS,,
Th,S,;. Thori disunfua hinh thanh khi hydrosunfua tic dung vai ThO,.

10.3.3.6. Cdc cacbua ctia thori

Thori tao thanh v6i cacben hai cacbua: ThC va ThC,. Céic chidt nay ¢6 kha nang phan
tng manh va phan huy trong nudce tao thanh hydrocacbon.
10.3.3.7. Cdc borua, photphua, silicua cia thori

Thori phan tng v§i bo, photpho, tao thanh nhiéu hop chat; ThB,; ThB,, ThP va Th,P,
Trong chan khéng, ¢ nhiét do 1000 - 1700°C thori két hop vdi sific tao thanh ThSi, ThSi,, Th;Si,.
10.3.3.8. Ion thori trong dung dich

lIon Th™ tao thanh khi hoa tan thori hydroxit trong axit hoiic muéi tan cla thori trong
nudc, né bt dau thuy phan ngay trong dung dich axit 6 pH = 3 vi thuy phan manh & cic pH cao
han theo cdc phuong trinh:

Th* + 2H,0 == Th(OH),* + 24
2Th* + 2H,0 == Th,(OH),™ + 2H"

C6 nhimg gia thuyét cho rang trong sy thuy phan cia Th*' ¢6 hinh thanh nhimg phitc da
nhan ¢6 cau tao phiic tap.

Trong cac dung dich ¢6 pH > 3,5, vi lugng mudi thori bi thuy phin tao ra keo thori
hydroxit.
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Cidc mudi nitrat, sunfat, clorua va perclorat cla thori dé tan trong nudc, khi két tinh
thudng & dang cic tinh thé ngdm nudc. Chang han thori nitrat k&t tinh vé&i 4,5 hoac 6 phan 1
nudc, con thori sunfat 4, 8 hoic 9 phan 1y nude.

Kim loai ki€ém va amoni c6 thé tao ra cic mudi kép vdi thori:
NaNQO, Th(NO,),.9H,0, LiNO, Th{NO,),.2H,0, 2NH,NO, Th{N(,),,
2K,S0,. Th(SO,),.2H,0, 2(NH,),C,0,.Th(C;0,), 41,0, (1-5S)KF.ThF,, KF.2ThF,, KF.3ThE,.

Nhiéu loai mudi clia thori khé tan trong nude, chang han: tetraflorua ThE, 4H,0,
hexaflorothoriut K, ThF,, theri iodat Th(10O,),, thori oxicacbonat ThO.CO.2H,0, thort oxalat
Th(C;0,),.6H,0, cdc photphat Th,(PO,),, Th(HPO,),.H,0, Th(HPO,),.11,PO, H,0. ThP,0,.2H,0
thori sunfit Th(SO,),.H,0, thori cromat Th(Cr0,),.3H,0 v Th(OH),.CrO,.11,0, thori molipdat
Th{MoQ,),.4H,0, thori feroxianua Th[Fe(CN),].41H,0...

Céc thori photphat khé tan trong axit lodng, thori iodat khong tan ngay ci trong axit
manh, thudng duge ding d€ tich thori ra khoi dit higm, vi photphat v iodat ctia cdc dat higm
fan trong axit.

Khi cho H,0, vao dung dich axit chita jon thori s& xdy ra su két tiu thori peroxit rat it
lan trong nude gidng nhy plutoni peroxit, duge cho 12 ¢é cong thic Th,O,. Tuy nhién, Lrong
thuc t€ ket tha chnfa ca anion clia géc axit vo co va thanh phdan hod hoc nd cia phu thude vao
diéu kién két wia.

10.3.3.9. Phirc chdt cua thori

V1 ¢6 bin kinh ion nho va di¢n tich 16n nén Th* 6 kha nang tao phiic manh. Véi cic
anion goc axit hod tri (1) né tao thanh cic dang ion phic sau day: ThA™, ThA,™, ThA,', lrong
do A la anion goc axit hod tri (I), ching han géc axit flohydric, clohydric, nitric, percloric,
perbromic, periodic, cloroaxetie, di- va tricloroaxetic. Th*' ciing tao thanh cic jon phic tuong wr

voi axit sunfuric va photphoric. Phitc bén nhat la phic v6i goc cha axit yéu nhat.

Trong moi trudng axit nitric, khi ¢6 mat mudi nitrat kim loai hod trj (1), thori ta0 thanh
cdc phiic chil ¢d cong thie Me'[Th(NO,).], con v&i axit flohydric cdc plue chat Me'[ThF;] va
Me,'[ThF,]. Thori cacbonat bazo bi hoa tan khi du td¢c nhan két tia {mudi cacbonat) tao thanh
Me',[Th(CO,);]. Thori oxalat tan trong oxalat cita amoni va cia kim loal kiém tao thanh phic
chit ¢4 cong thic chung Me', Th(C,0,),.

Thori ciing tao thanh phic chat véi mudi cia nhidu axit hitu co, v6i aldehyt, xeton,
amin, cupheron, 8-hydroxyquinolin, axetylaxeton, trifloroaxetylaxeton, thenoyltrifloaxeton,

benzoylaxeton, dibenzoylmetan, dixeton, EDTA vi nhiéu tic nhan hitu co khic.
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10.4. UNG DUNG CUA THORI
Thori duge st dung dé san xudt nhién lieu hat nhan *"U bing cich chicu notron. Khi
ron thori v6i U, 27U, vt 70U né c6 thé dung 1am nhién li¢u hat nhin. Ngoai linh vie dng dung
chi yéu nay, thori con dung dé ch€ tao anot cho &ng phéng dién wr, [am vat liéu chiu lua, vi

ThO, rit bén nhiét. ThO, ciing ding dé ché tao mét s3 chat x(c tic.
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CHUONG 11

CAC NGUYEN TO LA SAN PHAM PHAN RA
CUA URANI VA THORI

11.1. PROTACTINI

11.1.1. Su phat minh, cic dong vi va trang thai tr nhién cua protactini

Trong nhiu tai lieu ngudi ta cho rang hai nhi bic hoc ngudi Dic I O. Hahn vi
L. Meitner da phit minh ra nguyén t6 ¢ nguyen tir s§ 91 viv dat tén | protactini (ky hiéu la Pa),
c6 nghia I3 tién t6 cha actini, vi nd 1a nguyén t6 khi phan rd phéng xa thi tao ra actini. Clng théi
gian do. doc lap véi cdc téc gid trén, I Soddy va J. Cranston ciing phét hién nguyen & s6 91 cla
hé thong twan hoan. Nam 1927, 14n d&u rién Grosse di tdch ra duge mot lugng ding ké protactini
dé tién hanh cdc nghién citu vé tinh chil hod hoc cha nguyén t6 niy vi xdc dinh nguyen luong

chano la 231,

Péng vi song dai nhdt cla protacting la *'Pa ¢6 thoi gian bdn huy ¢, = 3.4.10" nam.
bong vi duge phdr hién sdm hon 1a **Pa (UX,), né mot déng phan hat nhan, nim trong day
phong xu ctia “™U, thudng duoc goi la UZ.

La ddng vi con cta **U, protactini ¢é mat trong (il ca cdc loai quang urani. hium heong

can bang cla nd irong quang ka 5.10° g/1 g *¥

U, tite la ¢ | g urani t nhién ¢6 chita 3,5.107 ¢
protactni. Mot tén quing pitchblende giau chi ¢6 khodng 200 mg protactini, hiu nhu chi 1a déng
vi ?"'Pa. Ham lugng protactini trong vo Trai Dat 1a 10'"% . Lugng déng vi *™Pa la khong ding ké

va khi tich khoi U né nhanh chéng phan ri.

Ngiy nay ngudi ta diéu ché duge mot cdch nhin tao 12 déng vi et protactini trong dé
quan trong nht la *“Pa. Déng vi nay khi phan ra B~ s& v thanh *U. Protactini 233, vdi thai
gian bin huy 1, = 27 ngay, thudng duec duge dung 1am chat dinh dau khi nghién cthu tinh chat
cua nguyén to protactini.

11.1.2. Tink chat ly hoc quan trong cila protactini

. Protactini la kim loai miu xdm sing, déo dé usn, ¢é do cing gidng nhu clia urani. Dang

thit hinh 0 nhiét dg thap cua nd, khic vai cde kim loal khde, ¢6 ciu tric tetragonal, o 1170°C né

chuyén sang dang lap phuong thé tam. Khéi lugng riéng clia protactini, tinh theo cdc dif kién



Rontgen cdu tric, 13 15,37 g/cm®, Protactini néng chay ¢ 1560°C va ¢6 diém soi, x4c dinh mot

cich gin dung, bang 4280°C.
11.1.3. Tinh chat hoa hoc cua protactini
11.1.3.1. Cdu tao electron, hod tri va hoat dong hod hoc ctia protactini

Protactini ¢ cau tao electron 1&p ngodi: 55°5p°5d" 5 65°6d' 75", Vdi cau tao electron
nhir vay, prolactini s€ thé hién hod tr} cao nhat +5 vai sy tham gia cla cic electron 57, 6d va 7s.
S6 oxi hod cao nhdt ndy quan sdt duge trong cac oxit cao nhat, hop chit vdi halogen ctia
protactini, va vé phuong dién hod hoc nd giéng véi niobi vi tantan. Cdc hgp chat cua protactini

két tinh déng hinh vdi nhiéu hop chat cua tantan.

Nhung protactini, vdi ciu tao electron noi trén, cfing tao thanh*cdc hgp chét hea tri (I11)
va (IV) idm cho né giong nhir cic nguyén 18 actinit, déng thai cling c¢é nhiéu diém twong tr véi

ziriconi, hafni va thori.

Khi dun néng trong khong khi protactini tic dung cham véi oxi tao thanh nhicu oxit ¢d

thanh phan khéac nhau.
O 250 - 300°C protactini phin tng v6i hydro tao thanh hydrua.
Khi nnung néng protactini phan tng ¢a véi iod tao thanh iodua.
Protactini bi hod tan trong axit clohydric nhung khéng tan trong axit flohydric.

11.1.3.2. Cdc oxit

Trong khéng khi, & nhiét do phong, trén bé mat khéi protactini phd mot 16p monooxit
Pa0. Khi dun néng protactini trong khong khi hoic oxi, tuy theo diéu kién phan ng, nhiéu oxit
chirge tao thanh ¢o thanh phan di tr PaQ, dén Pa,0;: Pa0, |, - Pa0,,,; Pa0, 1. (Pa 0,,): PaO, , -
Pa0;, ., PaO, ,, - Pa0, 4,

Protactini pentaoxit duge diéu ché€ bang cdch nhiét phan trong khéng khi protactini
hydroxit ¢ 500"C hoac protactini oxalat & 600°C, hodc bing cdch nung protactini dioxit & 1100°C
trong dong oxi. O nhiét do thip, su oxi hod dioxit thanh pentaoxit xay ra cham, nhimg bat ddu tir
800"C di c6 su phin huy mot phin pentaoxit thanh PaQ, ,, - Pa0, ,,, vi thé san pham Pa, 0 diéu
ché biang cdch nung PaO, thudng ln cic oxit khdc. Protactini pentaoxit 1d mot chat da hinh,
nguol ta da biél 161 6 dang thir hinh ctia hgp chét nay.

Protuctini dioxit duoc dieu ch€ biang cdch khir protactini pentacxit bang hydro &
1500"C. N& bi oxi hod trong khong khi ngay tir 180"C d€ 1ao thanh cdc hop chil c6 1y 6

(nguyén ) O/Pa > 2. Protactini dioxit khong tan trong cdc axit vo cd, ngoai trir H,F,.
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11.1.3.3. Cac hydroxit

Két wa protactini hydroxit, Pa,O..nH,O, hinh thanh khi dung dich axit vo co chifa
protactini hod trj {V) tdc dung véi ki€ém hodc amoniac, [A mot bazo, né bi hoa tun trong axit.
Trong phan nhom vanadi cia bang tuan hoan, theo quy luat thong thudng, di tr trén xudng dudi

tinh bazo cua cic hydroxit ting 1én.

Tuy nhién, protactini hydroxit cling thé hién ca tinh axit. Khi nung chdy Pa,O, véi oxit
chia kim loai kiém, kiém thé, dat hi€m v mot 58 kim loai khdc, hinh thinh cdc musi ¢é cong

thife chung nhr sau:
Me'Pa’ O, (Na, K, Rb, Cs); Me,'Pa¥ O, (Liy; Me,'Pa* O, (Li): Me,"Pa0; ¢ (Ba, Sr);
Me""Pa’ O, (La, Y. S, In, Ru, Am, Cm, Cr, V, Fe, Rh, Ga).
Protactini peroxit, Pa,0,.3H.0, két tha khi dung dich chia ion Pa™ trong axit sunfuric
tac dung vdi H,O,.

11.1.3.4. Cdc hop chit véi halogen

Protactini tac thanh nhiéu hop chat véi halogen trong dé protactini thé hién hoa tri (1V)
hoac (V): Palr,, PaCl,, PaOBr,, PaOl,, PaF,, PuCl., PaBr,, Pal., Pa,F ;. Pa,OF,, Pa,OCl, PaQCl,,
Pa,0,Cl;, PaO,Cl, PaOBr;, PaO,Br. Cic hop chat khan thuong duoe diéu ¢hé bing tic dung clia
ciic tac nhién halogen hod va1 protactini pentaoxit va protactini dioxit, cic hop chat ngam nude

¢6 the thu duge tr phin dng vdi dung dich chita ion Pa’™ hoac Pa™ .

Protactini tetraflorua khan duoc didu ché bang phan (ing gitta PaO, véi hon hop TF +
H, & 500"C, con PaF,.nH,0 két taa tir dung dich chia ion Pa** bang HI-.

Protactini pentaflorua khan 13 chit hit am, tan (6t trong nuée, dién ché bang phan tng:
S00°C, 0,
Pa,0, + 8IHF —* Pa,OF, + 4H.0

Pa,OF; duge nhiét phan ¢ 800"C dé thu duoc PaF,.

Pafi . 2H,0 nho tdc dung coa axit HF dam dac vai Pa,O. khi dun néng. hoic bing cach
co bay hoi dung dich chia protactint hod tri (V) va axit HF dam dic.

Protactini tetraclorua diéu ché bing cich khir PaCl; v6i hydro hodc bang phan ting cia
hoi CCl, vdi protactini dioxit.

Protactini pentaclorua khan diéu ch& bang phin (tng ¢ nhiét do cao clia Pa,O; véi

photgen hodc cacbon tetruclorua:

S00°C
Pa,0; +5COC!, —* 2 PaCl, + 5CO,
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300rC
Pi), + SCCL, — ™ JPaCly + 30,

11.4.3.5. Hop chat voi cde phi kim khdc

Protactini nitrua, PaN,, <& ciu tric giong nhu UN,, duge o thinh khi protactini

pentaoxit phin ting véi amoniace ¢ 800"'C
Protactini cng tao ra hydeua Pall, ¢d ¢l trie twromg e vai UH..
Protactini cacbua. PaC, €6 the didu ¢hd bang cich khir Pa0, vdi cacbon ¢ 1290 - 1440"C.
11.1.3.6. Protactini trong dung dich
Cho dén nay ngudi a khong ching minh duge sy tén i ¢oa on Pa’ irong dung dich,

Protacting hod i (IV) chi 6n tat dudi dang ton Pa’ trong cite dung dich lodng cha axit
clohydric hoac axit percloric. Do khuynh hudng tao phtic manh, trong dung dich cic axit khic,

nd nam o dang cic ion phic, chiing han:
Pa* IS0, = PuSO +1iI' K=42
Pa™ + 3HF == Pal,’ + 311" K=353510"

Pa' ctng o phic véi axit clohydiic dic, ¢ nong do axit 8M. no ao thimh on phirc
PaCly™.

fon Pa' & bi oxi hod thanh protactini hod i (V). N6 bi thuy phan munh hon cic jon
UY Np™ vic Pu®, iy theo pEled hé tao thinh PatOID,', PagOH),™ hode PatOED . G pll = 5 o
thinh hydroxit.

Protactini (V) (ion Pa™ ¢& bdn kinh 0.904 vi dign tich duong rat 1om)y phin cuc manh
cac phan wrnude vicion O, vi the no ton i tong dung dich dudi dung cic on thuy phan va
polyme hod. O cic gid tri pH nhé hon 4, protacting hod tri (V) nam trong dung dich dudi dang
cie ion thuy phan. Khi pH tang lén, nd o thanh dung dich keo. Sy tao keo thuting bit diau &

pH = 5. Trong khodng pl1tir 3 d¢n 6, & nong do vi feng, protactini (V) tao thanh keo gia.

Trong dung dich axit percloric, khi nong do axit trong khoing 107 - 107 M, protactini
(V) 160 1ai dudi dang PagOI1)," hoac PaO(OH), & néng do axit N dudi dang PatOID" hodc
PaO(OI1" Trong dung dich [ICIO, 16n tal cin bang thuy phin:

Pu(OH) ' + [LO = PaOIl)," + H'.

_ Trong dung dich vde axit vo co khic, ©0n i cie jon phic ¢6 dang ©Ong quit
[Pa(OH), A, mong o = 1d dien tich cua anion A7, ching han [Pa(OH)NO, /",
[Pat ORI, [PatOIDLSO,), ]
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Khi néng do anion trong dung dich dil [on, cic anion ¢é the thay thé din ¢ic nhém O
va o thanh cic phic dang [Palyl, [PaF. ", [PaF]", [PaiNO ) J[PaNO- . [PaOCL),
[PaCL ], [PaCL|", [PaCl )", {PaO(SO,) 1"

Protactini (V) o vdi tributylphotphat, 8-hydroxiquinolin, axetylaxeton, cupheron,
EDTA, TTA. asenazo-[ll cic phiic hitu ¢o tan (rong nhiéu dung moi hitu co nhu benzen,

clorofom, ete... N6 cling tgo thinh véi cdc axit xitric vi tactric nhitng phirc 1an trong nude.
11.1.4. Tich va diéu cheé protactini
11141 Tach va diéu ché ' Pa

Béng vi 7M'Pa c6 mal trong quing urani, nhunyg tach protactini tir ¢ic ngudn tu nhicén la
rit phiic tap, vi quang urani c6 ham luong protactini rit nho. Nhidu phuong phap da dige dé

nghi dé tach protactini 231 ra tir b thai cta cong nghe san Xt urani.

Trong phuong phip chiél, ba thi cla cong nghiép sin xuat urani duge hoa tan trong,
dung dich HNO,. Protactini trong dung dich nitrat duge chiét bang tributylphotphat vao pha hiru
¢d cling nhiéu nguyen 16 khdc, o1 duge giai chict bing HF. Trong pha nude protactini nim &
dang muoi florva tan, con cic tap chat di vao két tha. Dung dich sau khi loc rira duge cho thém
Al" de gilr I 161 chi€t protactini (chit yeu tich khoi thori) vio pha himi co bing diizopropyl

cacbinol.

Khi xu Iy dung dich hoi tich quang urani bang cacbonat (phuong phdp cachonat), két
tua cacbonat, chia mot lugng ding ké protactini. duge hod tan trong axit nitric. Cde tap chat di
vao dung dich con protactini nim lai cling v6i keo silie. Axit silixic duge tich khoi protactini
biang cdch hoi tan rong dung dich kidm 40%. Ba rin con lai duge xir Iy bang axit HNQ; ¢6 chita
bot MnQ,, khi dy protactini hoa tan trong HNQ, s& tdp trung trén bé mat Ma(},. Protactini durdc

hod tan lai trong axit va tiép tye duge tinh ché bing chi&t hoac trao déi ion.
Ngoai hut phuong phip duoc trinh bay t6m 1at & wrén, con nhiéu phuong phip khic di
duge phét trién , cho phép tdch *'Pa tir phin thai cua cong nphé san xuil urani.

Déng vi *"'Pa ¢6 thé diu ché nhan tgo bing cich chi€u notron lén jon *“Th} trong
phan ing hat nhan:

. 3
>*Thtn, v) *'Th —[—-—b- ey,

D¢ thu duge protactini, thori da chifu xa dude hod tan trong, axit sunfurie dam dic, Tir
dung dich sunfat, thori va protactini duge két tiia dang hydroxit bing amoniac. Sau khi hod tan
ket ta hydroxit trong axit, protactini cliing cde tap chdt chi y&u nhu urani vin sét duoe tich khoi
thori bang sic k¥ hoac trao doi ion. Sy tach protactini ra khéi U va Fe duge thye hicn bang két
tua iodat hodc hydroxit.
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11.1.4.2. Tach va diéu ché ™' Pa
Pong vi “'Pa didu che bing cdch bidn phi thori tr nhien, *“Th, bing chim notron trong
[& phan tmg hat nhan theo pheng teinh:

[}

Ih —w “Pa

ERRY

hin, vy ?

Thori dd chigu xa duoc hoa tan trong hdn hop HNO, 13M vi HLE, 0,1M va duge hip
phu len chat mang Mn(h,. Khi loc bing mang loc thuy tinh, 95% protactini nam lai trén mang
loc ciing vaéi chat mang MnO,, nhung khi riva b loc, mot phan MoO, vi protactini bi hoi tan bai
hi¢u ting oxi hod do ble xa. MnQ, mang protactint duge hod tan trong 1,50, 6M, sau dé MnQ,
duge ket tha trd lai. Protactini iodat duge két wia tir dung dich s& duoe nhiét phan & 800°C dé

chuyén thanh Pa,0;.

11.1.5. Xac dinh protactini

Protacting duge dinh luong chio yéu bang cic phuong phip phan tich phéng xa. trong

fugng, so miu, dién hoi va kich hoat phong xa.

Trong phan tich phdong xa *"'Pa, ngudi ta do biic xa « hodc v cla nd, con dé xdc dinh
déng vi *'Pa phai do bitc xa 3 vd y. Khi xdc dinh 7'Pa bang phuong phip kich hoat, ngudi ta
kich hoat dong vi nity bing chinn notron theo phan tng *'Pa(n. v)” “Pa, sau do ngudi ta xdce dinh

17 N N - - <212 5 a 4
22U 12 déng vi con nhan duge khi #“Pa phin rd phéng xa.

Trong phan tich tony luong, ngudi ta két tia dinh luong protactini hydroxit, todat,
phenylarsonat, hoac cupheronat réi nhiét phian & cic nhiét do thich hop, nim trong khoang tir
600 - 1000°C.

Trong phuong phip trac quang. protacting (V) rong dung dich axit clohvdric duoc xic
dinh bang cuc dui hap thu & 210 nm, trong dung dich axit sunfuric (0,7 - 4M) & 206 - 213 mn.
Cic cuc dai hap thu cia protacting (IV) khde rd rét véi protacting (V) vii nam & cie dai 223 - 235,
255 - 265, vit 275 - 290 nm. Phan tich traic quang protactini ¢6 the thudn loi hon khi sir dung céc
thude thir asenazo-111 {660 nm) va TTA (420 nm).

11.2. ACTINI
11.2.1. Su phit minh actini - Ciac dong vi va trang thii tu nhién cuia actini

Nam 1898, André Debierne, mot cong tic vien cua M. Curi, phit hien ra su t6n tad cha
méL nguyen 16 phéng xa mai trong guang pitchblende. Do ¢6 kha nang phidt ra cic tia phong xa,
nguyen 16 mai nay duge dat 1@n la actini (K higu 1a Ac), theo ticng Hy Lap ¢6 ¢d nghia la "aa”.

Vi nguyén 1O nity kha tdch khoi thori, Debierne cho ring actini ¢6 tinh chat giong thori. Poc lap
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VoL Debierne. nam 1902 F. Giesel cling nhan thily ring ket wia cie dat hiéim tir dung dich hoa
tich axil quing vrani, c6 chita MmOt nguyén t ¢4 tnh phong xa vit dat ten cho aguyén 16 nay Ih
“emin”. VE sau, surdo thod glan bdn huy cho thay ring emani ciing chinh )i actini. Viée nghién
cu cdc tinh chat phang i va tinh chat hod hoce cla acting iy muon hon nhiéu mét ¢6 cie kot
quia chac chin. ¢ nim 1911, theo Soddy, newdi ta con chia bidt a1 nhicu v¢ actini: "Dau ring
nguyen tir lugng chua bict, thit gian séng trung binh chua bict, biic <a chita biét, déng vi me
ciing chua bi¢t. nhung ¢é thé  actini [y san pham phan 1 i urani, .., v vé phuong dién hoa
hoc giong véi lantan”. Trong (hoi gian (r 1935 - 1939 ngudi ta Fam 1o dan ban chil cic ta
phong xa cua actini, thue ra 1 cia dong vi ** Ac ¢6 trong quang urani. chang han ning luong

cla tia 3 bang L0455 MeV., hoat Linh phéng xa o« ella né 1.2% . Nam 1918, sau khi protactini

duge phiat minh, actini 227 duge x&p viro ho phong xa =U

Nam 1908, O. Hahn tim ra dong vi “™Ac, duge ong goi i mesothori-2 (ky hieu |a
MxThs), 1d sin pham phan ri (5 eda mot dong vi radi (mesothori-1) thuoe diy phong xa thori.

“FAc, vi thé, cling thuoe ho thori (4.

Ngodi hai dong vi ¢d trong t nhicn, mot thuoe ho urani, mot thuoe ho thori, con ¢é (8
dong vi tong hop nhan tao ¢o disi song ugin, trong dé dong vi “Ac ¢é chu kv ban huy dai nhat
la 10 ngdy, 12 sin pham phan rd trong ddy neptuni (C7Np).

11t

Pong vi ™ Ac lasan pham phin i cda " U, ¢d mat trong 161 ¢i cde loal quing urani voi
nong do 107" g rong 1 g 77U, tie fa khodng 0,15 me trong | tan pitchblende. [am hugng actini
trong vo Iril Dat vio khodng 2.10°7% (tinh theo nguyeén ur gam). Dong vi ™ Ac 1 thinh vien

cOi ho thori, ¢6 mat rong quing thori véi hiun luong 5.107"7 g trong | gam thori.
11.2.2. Tinh chat 1y hoc cua actini

Actini 1a kim loai mau trdng bac, nhin bé ngodi gidng véi luntan, ¢6 hai dang thit hinh:
dung o o nhi¢t do thap c6 mang tinh the lap phuong dién tam (¢ = 5,011 A} vit dang thu hinlt 3

g nhi¢t do cuo. Actini nong chay & 1050°C. nie 1a cao hon didm néng chiy cia lantan 200°C, v
501 G 3300°C.

11.2.3. Tinh chit hod hoe coa actini
Actini nim 1ong nhém [13 cua bing wén hoan, & mot ddng dang cua fantan. Actini
khdi dau day actinit trong chu ky VII edn lantan khdi dau dity intanit cda chu ky VYL vi the theo

quy ludt bién thien tinh chit trong nhém N1 tinh kim Toai cua actini rd rét hon cua lantan va

hydroxit cia actini ¢4 tinh bazo manh hon lantan hydroxit.

Cdc dign tr hod trj cua actini 13 6475 nén actini s& chi 10 hicn s6 oxi hod +3.
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Actini Hunguyeén 16 hoat déng hod hoe manh. Chinh ¢dc tia phdng xu cta actini cling
kich thich cic nguyén ur actini, aim tang sy hoat dong hod hoe cua nd. No dé bi oxi hod trong

khong khi anm. nhung 1op oxit che phi bé mat 1am cho aetini khong bi an mon Lep tuc.
11.2.4. Ciice hop chat can actini
11.24.1. Oxit va hydroxit

Oxit actini, Ac,0., duge tao thinh khi oxi hod kim loai actini, nhung thudng duge diéu
che hing cich nhict phin actini oxalat, nitrar hoae hydroxit & 1000 - 1100°C, trong khéong khi
hodc roug moi trrdng oxi. N6 dong hinh véi cic oxit cua Latan (HI3, xeri (1) va praseodym
(110,

L

Phin tmg cia ki¢m hoge amoniac vai dung dich ion Ac™ 1ao ra mat kel tia giong nhu
thach trang cta hydroxit actind, Ac(OH).. Bazo niy tan trong dung dich axit. Ac(OH), tan trong

nude nhico hon chat it so vét LatOL ..

11.2.4.2. Hop chadt voi halogen

Cic halogenua et actint ¢6 nhidu dicm gicng vaGi halogenua dit hidni, né ¢é cling cau
irie vai cde hop chilt trong tng cta fantan, do sy giéng nhau vé bin kinh ton va cidu tao dién 1

cua lanian vi acting,

Cdce halogenua cia actini duge dicu chd biang phan dng cia cic tic nhan halogen hod v
actini oxit hode hvdroxit:
700°C
Ac(OH), + 31 —* AcF, + 3110
500°C
AcOl) + 3CCL— AcCl + 3CO, + 6HICI
T30°C
AO, + 2AIB —* 2A¢Br, + ALO,
FO0C
AGO:  + Al — 2Acl, + ALO,
Cic actini "hulogcnuu phin ting v&i hoi nwde hoac hon hop hol nude viv amoniac & nhidt
do cao tao thinh oxihalogenu:
{ono¢
ACT(ACBr,, Ack )+ 2NH, + 1,0 = AcOF (AcOBr, AcOly + 2NHF
1000
AcCh + L0 —— ACOCH+ 211
Su thuy phiin cide actini halogenua tao ra oxihalogenua chd khong phai I hydroxit nhu
sy thuy phin halogenua coa lantan. Nguyén nhan cda sy khde bict ndy 12 tinh bazo manh hon

cla actini hydroxit,
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11.2.4.3. Actini trong dung dich

Trong méi rudmg axit (pll < 3) actini 1dn tal ¢ dang jon khong mau trong dung dich, &
pH > 3 tao thanh dung dich keo. V1 Ac'' khong hip thy dnh sdng viing nhin thiy, nén 1at ca cdc

hop chat cua nd déu khong maw.

O néng do vi luong, actini cdng két véi hydroxit ol nhom, sit v viri. N& cling cong
két vé1 bitmut photphat, chi sunfat, bari cromat, seri iodat, két tinh dong hinh véi lantan sunfat.

Su cong két dinh lrgng cua acting Xay ra véi lantan cacbonat, florosilicat vii florva.

Cic hop chiit kho tan coa actind 1a Plorua, oxalat, cacbonat, photphat (AcPO,.0,511L,0) vi

florosihicat.
11.2.5. Bicw che actini

Nhu dii néi & trén. trong tu nhién actini ¢é mit trong quang urani ('Ac) vi1 trong quing
thori (*Ac). Khi thu actini tir céc nguén ty nhién nhimg van d¢ cong nghé can quan tam i tach
actlini {cung nhimg nguyén t& giéng vdi né nhur thori, lantanit)y khoi urani, tdch actini khoi thori
vi lantanit.

a7

Khi diéuv ché nhan tao **;A¢ bang cdch ban phi radi bang chim notron trong 10 phin img
hat nhan theo phuong trinh:

13:

1
el H R
wRaln, v) 7 Ra I—- AN

thi cong viée chu yéu la tich actini khoi radi.
11.2.5.1. Tich actini, thori va lantanit khot urani

Khi hoa tich quang urani bang axit sunfuric, axit silixic, bari, radi nium trong két taa.
Dung dich hoi tich thu dugce, chia urani, thori, nthom, sit, chi, bitmut, poloni, cling nhu actini va
cdc lantanii, duge cho tac dung vai 11,S dé két wia chi, bitmut v poloni. Khi nudc loc cuu cong
doan nay tac dyng vdi kiém hoiic amoniac, hydroxit ¢lha c¢éc kim loal két tia. Cho két tha thu
dugc tdc dung vé6i axit {lohydric dé hod tan urani vi cdc kim loai khic, tich ching ra khoi két
tia florua cla thori, lantanit va actini. K&t tha florua cha thori, actini, va lantanit duge chuyén
thanh sunfat, khir thanh sunfua r6i hod tan bang axit clohydric thinh dung dich clorua va tién

hanh tach actini khoi dat hiém va thori biang cic phuong phip trinh bay duéi day.
11.2.5.2. Tach actini khol thori va lantanit

Téach actini khéi thori vy dit hi¢m 3 toan bd cong vice cua didu ¢h¢ actini (dong vi
**Ac) tir quang thori, ciing 1A cong doan quan trong trong diéu ché actini tir quing vrani, thutng

duge thuce hién bing cdc phuong phdp k&t tinh phan doan, sic ky vivtrao doi ion.
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Trong phureng phdp ket tnh phan doan d¢ tich actini khot cdc lantamit, nguoi ta thuéng
k&t tinh mudi nitrat kép cta magic véi cde lantanit. Khi dy actini tap trung ¢ phan doan neodym
vivsamari. N&u Kt tinh phan doan mudi nitrat kép cua lantanit viv amoeni il dung dich axit nirie,
actini 1ap trung & phan doan it tan nhat. Khi ket tinh phan doan oxalat ¢Oa cac tantamt, acting chu
y&u nam lai trong nude cat. Khi diing amoniac da loal sach cacbonat d¢ két uinh phan doan cic
hydroxit, actini nim & phan doan d& tan hon ca, vi actini hydroxit ¢é d¢ tan 160 hon hydroxit cliad

ciac lamanit.

Actini ¢6 the tich khai lantanit bing sic ky rén nhua trao doi cation dang amoni voi
dung dich rira giai amoni xitrat. Khi st dung dung dich rira gidi €6 nong do wmoni xitrat 0.25M,
Tantan s& gial hap trude & pli = 3,09, ¢on actint ¢ pll = 3,76

Trong dung dich LiNO.. céc phifc nitrat ctia lantanit vi acting 6 thé phan clia nho nhya
trao déi anion dang nitrat. Khi ria giai bang dung dich LINO., thit G rira gidn cac lantanit nhy
sau: Yh, Tb. Eu. Sm, Pm. Nd, Ir. Ce, La. Actint xuit hién trong khoang gitia samarl va neodym.

Actini tich khoi thori bing cich K&t tha thori peroxithydrat tir dung dich axit clohydric
lodng bang 15Q,, hodc bing cich k& tha phan doan cdc hydroxit. Ciing ¢d the tich actini v
thori tir dung dich HCl 0,1N bing siic ky trén tdc nhan trao doi cation. Sy rita giai thort duoc
thue hién nha dung dich axit oxalic 7% & 80°C, con actini duge ria gial bang dung dich axil
xitric 3% & pH = 3 il cing nhiet d6 néi rén.
11.2.5.3. Tach actini khoi radi

Khi didu ¢hé actini nh bin phit radi bing chim notron. viée tich acting ra khoi radi d¢
thye hién hon so véi tdch actini khol Lantan va cdc lantanit,

Actini ¢6 thé tich ra khot radi bang cic phuong phap sauw day:

Dung rucu etylic hodc izopropylic d& chiét nitrat actini ra khoi hon hop ede nitrat cua
radi vav actini. vi radi nitrat khong tan trong cic rugu k¢ ueén;

K&t tia radi bing axit clohydric dic, axit bromhydric vy axit niric;

K&t tha radi cromat khi ¢d nuit natri axetat;

Sac ky trén chat trao déi cation, rira gidi radi bang dung dich TCE 3N hode TINGL 4N,
rita giai actini bing dung dich amoni xitrat 0,25M & pH = 3 hodc bing dung dich HNO,; 3N;

‘Tuy nhien, phuong phip 16t nhit 1 chict actini bang dung dich 0.25M cua "I'T'A rong

benzen & pH = 6, rong diéu kién dy, radi khong bi chi¢t.
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11.2.6. Phan tich actini

Bé xie dinh actini bing phuong phiip do phdng xa. ngudi ta phai sit dung ciic san pham
phin ra (cic dong vi con) ¢t nd. vi cic lia phéng xa coa ban than actini qua mém. Phép xic
dinh bi anh huong boi radi v ioni, vi khi phan ra cic hat nhian nity ciling cho cdc déng vi con
giong nhu trudng hop actini. Can mdt it nhat 1 10 ngity dé tich lu¥ cde dong vi con vi 4 thing
d¢ can bang duoe xdc lap. B¢ tén hanh do dac, 10t nhat L dimg dau do actini - MsTh,. Cic déng

vicon ¢d the sirdung L
AcK, d¢ tich khéi acting sau khi ket tia acting florua, hydroxit hodc cachonat;
*"Rn do duoe bing budng ion hod;
RdAC (uie 13 "Thy, tich khor actini theo phuong phip da rinh biy @ trén:

AcB (uie 1a*''Pb), ket tua & dang PbS véi chal mang 12 chi.

11.3. RADI

11.3. 1. Su phat minh radi - Cice dong vi - Radi trong ty nhién

Radi duge M. Curi tim ra ndam 1898, ¢chi vai thiing sau khi tim duoe poloni. Sau khi
Becquerel phat minh tinh phéng xa ca vrani (1896), P. vii M. Curi nhan thy ring cuong do
phéng Xa cua cic hop chit cua vrani 1y I¢ thuan véi ham luong urani trong hop chal. Theé ma
cuang dé phéng xa et quang pitchblende (chia urani chi yéu ¢ dang U.0,) doi khi lai cao hon
cua U0, 1inh khigt duge didu che tir urani kim loai. M. Curi ngd ring trong quing con chitua mot
aguyen 16 chua biet khic, ¢6 tinh phéng xa manl hon urani. Khi xir I¥ hed hoe mot luong 16n
quang pitchblende, v chéng Curi tich ra duoe mot nguyen 10 mdi ¢6 nguven 10 s6 bing 88, ¢6
tinh phéng xa munh hon nhiu so véi vrani, v vi the duoce diat tén 1 radi (nguyen van Radium,

ky hi¢u hod hoce Ra, 1a phin diu coa tir radioactive €6 nghia 1a hoat dong phong xa).

Nhimg ndm sav, ngudi ta thiy ring Ra, nguyén 18 duoe ong ba Curi tim ra, I sin pham
cua nhimg bign doi trong ho phong xa *™U, Tigp sau cic dong vi khie et radi “*Ra (Ms'Th,},
*'Ra (ThX) duge tim thay trong ho thori, con dong vi ¥ 'Ra (AcX) trong ho wetinourani.

0. Hahn v K. Donal da khong thanh cong trong tin kiém mot dong vi bén ciu radi.
Cho dén nay nguoi 1a khang dinh ring radi la mot nguyén 16 phong xa. Ngoii cic dong vi ¢6
trong 1 nhién nhu da ké trén, radi con ¢6 9 dong vi khde didu ché duge mot cdch nhin tato.

La thanh vien cua ho phéng xa “™U, déng vi "Ry co MAL trong tal ¢i cde lowi quing
urant. Quang urani cling chita ca ddng vi AcX 2 Ruy. Cice quing thori chifa hai dong vi clia radi

1& ThX (**'Ra) v MsTh, (**Raj. Vi trong quang urani thutmg ¢é mat thori nén déng vi **Ra
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thuong lan thém Ms'Th. Trong quang urant & trang thii can bing. ¢ 1 g urani ¢cd chita 3,4.107
g “'Ra. Tuy nhién, nhidu loai quang urani khong phai li quang can bing. Do su rira tr6i radi
kbot quang arant, radi xuat hién o trang thdi hod tan trong nude v tao thinh cac loai quang thir
cdp, chang han loai sét den, trong d6 radi nim trong thinh phin cde muoi chi PhClL Phy PO,
Fam lrong 16ng cong cla radi trong vo Trdi Pat bang 1.8.10° tn, con trong nude bién 1 2.10°
1. '

11.3.2. Tinh chat I¥ boe cuia radi

Radi v kim loai mau trang bac, khéi Tugng riéng 5 g/em’. ¢6 didm néng chay 960°C v
di¢m 561 [T40°C. dE bay hot hon bart. Héng vi song lau nhat ctia radi 1a 7**Ra phdt xa ¢ v6i thoi
gian biin huy 1390 nim. Do phan rd phong xa, 1 g radi (tinh ca phdn san pham phan ri) phdt ra

nhict hrgng 132, 26 cal/h. Radi phit huynh quang trong bong to1.

11.3.3. Tinh ¢hiat hoi hoc cua radi

Radi 1a nguyén 16 hod hoc thuoe phan nhém chinh thir hai, phan nhém kini loal kiém
tho, cia bing hé théug tudn hodn. Nam & chu k¥ VI, dién tir edie 16p ngoai cla radi ¢6 cau hinh:
555p"5d" 657 0p" 7y, V61 cau hinh electron nay, radi gicng nhur cie kim loai kiém tho khic chi ¢o

mot bac oxi hod +2.

Cic tinh chir hod hoc coa radi ral giong barl, nhimg radi hout dong hod hoc manh hon.
Radi by oxi hoi de dang trong khong khi o thinh RaQ. Rudi phin tmg v&i nude tao thinh radi

hydroxit, mét bazo kém tan so véi Ba(OQH),.

Radr ciing tic dung trie (ép véi cde phi kim khdce, ké ci cie phi kim kém hoat dong hod
hoc nhut nito dé tgo thinh nitrua Ra,N,. Tuy nhién, cic halogenna khan clia radi lai thudng durge
dicu ché mot cdch thudn tién bang phan img cia hatogenua hydro hoac et cde tée nhian halogen
hod khic, chiang han CCl, véi ¢ic mudi khde ciu radi o nhict do cao khoang 600°C. Khi k¢t tinh
tr dung dich, cde halogenva cia radi tao thinh c¢ic tinh the ngam nude nhu RaCl,.6H.O,
RaCl,.2H,0, RaBr..6H,0, RaBr,.2H,0. Radi sunfua thueig duge dicu ché bing cich khir radi

sunlat nhdy hydrua hoic cachua canxi.

ITiu het cde mudi cha radi déu déng hinh véi cic mudi wong (g cua bari:

BuCl, - RaCl, BaSO,- RaSO,
BaBr, - Rubr, BaCO .- RaCO,
Ba(NQO,}.- Ra(NO;), 3aCrQ, - RaCrO,

Radi tao thanh phite chat v6i cde axit xitrie. lactic, tactaric. Vér axit etylendijamin-

tetraaxetic né tao thanh cic muéi phic hoi tan.
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11.3.4. Di¢u ché radi

Quy trinh tach radi tir quang urani (pitchblendey da duoe M. Curi dua ra diu tien. Trong
quy trinh nay, sit hod tich quang urani duge thue hien biang axit sunfuric v&i su cd mat mudi
bari. Khi dy, urani, sat v nhiéu nguyen 16 khdc nhur actini, poloni, thori va mot phan protactini
di vao dung dich, nhung radi, bari, chi k&t tha dang sunfat, ¢ lai trong ba ran cling vai axit silixic
vd mot phin protactini. Ba rin chia radi duge ria biing dung dich natri clorua néng dé hoa tan
chi, roi dun néng chiy vdi natri cacbonat, hoac dun ndng v6i mol tuong du du dung dich xoda
{15 mol xoda cho 1 mol BuaSQO, 3. Khi ay protactini cling vai tantal di vio dung dich & dang
Na Ta(Pa)O,, bari ciing voi radi chuyén sang dang mudi cacbonat va & lui trong pha rin ciing véi
axit silixic. Ngudi ta hoi tan cacbonat bang axit clohydric dé chuyén bari va radi sang dung

mudi clorua va ding k& tinh phan doan dé tich rieng BaCl, v RaCl,.

Sur tich bari vivradi ¢6 (hé thue hién dua vio su khic nhau vé do tan cla cromat radi va
bart. RaCrO, két tia trude thudng lan bari nhu mot tap chat. Muot RaCO; bi nhi¢t phin nhanh
hon BaCO, khi nung & 400 - 800"C. Khi dién phin dung dich chita ¢dc mudi ¢t radi v bari
bing catot thuy ngan, radi duge 1am gidu wén catot. Trong thach tring, ion Ra™ di cu nhanh hon

ion Bu®'. Nhitng sy khdc nhau ay déu duoe « 7t dung dé tich radi ra khoi bari.

Radi ¢6 thé tach khot cde san pham phan ra ctia né bang sie k¥ gidy vaéi hdn hop chiia
SO% axeton, 109 HCI v 10% HNO, IN. Radi s€ xudlt hién trude chi. bitmut vi poloni, Cling ¢é
the tich radi khoi cdc déng vi con bing K&t ta PbS hodc Ph(OH),. Cic két taa ndy kéo theo ci

polont va bitmut.

Ngudi ta cing tao phiic bén clia chi, poloni va bitmut vdi complexon T rdi kot tia
RaS0, vor (NH),50,. Radi sunfat hed tan trong EDTA. Khi axit hod dung dich ndy bang axit

axetic roj dun so1, radi sunfat k& tha trd lai & dang cic tinh (hé (hé to.

Dong vi “Ra (MsTh)) ¢6 thé didu ché tir mudgi thori hodc quang thori ¢ duoe lua gitt
lau ngay. thudng ¢ lin “*Ra (ThX). Khi nguyén lieu diu 12 monazit, quang ducc phan huy bing
cach dun néng lau véi axit sunfuric ¢é mat bari clorua. Néu xudlt phéat ur mudi thori, ngudst i dura
bart clorua vio dung dich. Trong ca hai trudng hop bari sunlal k&t tha vi cong k&t radi sunfat.
K&t tha bari vh radi sunfat cing véi axit silixic (khi di tr quang) sau khi loc, duoe xir 1y bang
axit [ohydric dé Joal axit silixic. Hon hop bari va radi sunfat duoe Giép e xir 1y gigng nhir trong
cong nghe tich raci khoi bi thai coa quing urani. € thu duge rieng dong vi ““Ra, ngudi ta {uu
gitr mudi radi cho dén khi dong vi “*Ra phén rd hél. Théi gian ban huy cia dong vi niy 1a 24

npay.

boéng vi *'Ra duge diéu ché tr thori phdng xa (**Th), sau khi duoc tich 1u§ do phan ra

a clia **Th. NG cling duge tdch khoi thori bing kel i sunfat v6i chat mang bari. Musn thu
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dude “*Ra khong lan chit mang, ngudi ta tich né khoi dong vi me bing phuong phip chiét hoic
siic ky, Trong tich sac ky, thori duge lién két véi oxalat hoac lactat tao thanh anion phiic, bi hip
phu trén vat liu trao ddi anion hoac trén ziriconi hypophotphat, con ThX duge rua gial bang
dung dich HCL.

ThX ciing ¢6 thé diéu ché tr RdTh bang cch ket tha sdt I hydroxit tir dung dich bing
amoniac dé cong két RdTh, dé lai ThX trong dung dich. Cic mudi amoni dugc tach ra khéi ThX

bang cdch dot néng (dé nhiét phin cic mudt nay).
Péng vi *'Ra (AcX) ciing diéu ché mot cdch twong tu tir *'Th (RaAc).
11.3.5. Xac dinh radi

Mot luong can duge cia radi thudng duge xdc dinh bang cdch do biic xa y va so sdnh véi
mot mév radi chuan. Nhimg lugng radi nho ¢6 thé phan tich bang cdch do biic xa o véi sy ho trg
clia mot may phan giai, hoac mot cdch truc tigp bang cdch do cdc bic xa a va 3, sau khi tdch
radi khoi cdc sdn pham phan ra nhu poloni, radon..., cing nhu khoi cde dong vi con cua chinh
no.

Ngudi ta cling ding rong rdi phuong phip xdc dinh lwong radon cén bang. Trong
phuong phap ndy, mau hoac miu quang duge nung chay voi mot luong lon gdp {0 lan hén hop
NaOHl va Na,CO, (ty ¢ xtit/xoda = 5/2) cho dén khi nhan duge mot chat néng chay trong suot.
Dé loai axit silixic va géc sunfat, khéi néng chay duoc rira bang dung dich 1% natri cacbonat,
réi rira cachonat du bing dung dich axit clohydric 5%. Su tinh ch€ duge thyc hién bang cich ket
tia BaSO,, chuyén két tla sunfat thanh BaCO, v cudi cing tharnh dung dich BaCl,.

Khi trong miu ¢6 dét hiém, titan, tantal va niobi, quing dwge ndu chiy véi lugng gip
mudi tn cia KHSO,. Sau dé dat hiém duoc hoa tich bang nudc, titan dugc rira bang axit
sunfuric @ mot pH xédc dinh. Phdn ba ran con lai duge dun chay ldn alta vai KHSO,. Dé loai
niobi vi tantal, chat chay duoc xit 1y bing dung dich bio hoa dun néng cua amoni oxalat, o
duoc dun chay vdi hén hgp NaOH va Na,CO, dé chuyén sunfat thanh cacbonat. Cacbonat dugc
hoa tan trong HC1 dé thu duge dung dich mudi clorua clia radi va bari, axit silixic nam lai trong
két tla.

Dung dich mugi clorua duge diing dé xdc dinh radi bing cich do radon. Trudc heét radon
duge loai sach khoi dung dich do bing cich thoi khong khi qua dung dich. Sau dé dung dich
duoc gén kin vio mét thiét bi do khi. Xdc dinh chinh xdc thoi gian tir lic bit dau gan kin dung
dich v6i thiét bi do khi vi thé tich khi radon dugc tao thanh trong thdi gian ay, luong radi c6
trong miu duge xéc dinh bing phuong trinh vi phan mo ta t6c do tich luy *’Ru tir ***Ra:

dg/dt=mA - Aq (11.1)
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trong d6: s - khéi luong **Ra1inh ra gam;
A - khéi luong radon hinh thanh trong 1 s tir § g **Ra;
A - hang $6 phan rd phong X;i tao ra “Rn:
¢ - lugng **'Rn trong dung dich sau thoi gian 1.
Tich phan phutong trinh (11.1) v6i diéu kién ddu 1 = 0, ¢ = ¢, ta thu dugc:
g = q[,c'}" +mA (] - e {11.2)
Néu ldc diu dung dich khong chita radon, ¢, =0 va:
¢ = (AL - ™) (11.3)
T6i t = 30 ngay s6 hang thyc t&€ ¢6 thé xem la bang 0 va:
§u. = MASL (11.4).
Do d6 (11.3) ¢ thé viet dudi dang:
G¢=q¢,(l-c™ (11.5)
Vi 1 curi clia **Rn bing khoi lugng ciia né ndm can bing vai 1 ¢ clia 2“Ra, ta cé:
(o = M
va do dé:
ni=gf(l - e (11.6).
Cong thic {11.6) lién hé gitta lugng radi tinh ra gam véi luong **Ru tinh ra curi @i moi
thai digm.

Néu luong radon tich luy trong mdy suc khi duge xdc dinh qua dong ion hod, thi gia
dinh rang ! curi cta **Rn cing v6i cde san pham phan 1 ciia n6 cho mot dong biio hol bing
6,21.10° don vi 1inh di¢n. Nhu the tir xdc dinh dong bio hod ¢6 thé tinh duge luong radon tich

luy dugc trong khodng thoi gian 1 va suy ra lugng radi ¢é trong méu.

Phuong phidp so sinh v6i miu chuan don gidn v nhanh hon. Trong phirong phiap niy
ngudi ta do dong thoi hoat do phéng xa cua lugng radon duoc tich luy trong 1thain gian ¢ tir dung

dich phai phin tich va dung dich chuin ciia radi.
11.3.6. Ung dung coa radi

Radt duge dung trong dicu tri cde khéi u de tinh. Thye ra tdc dung diéu trj do radon dam
nhi¢m, vi cdc dong vi con chdu ctia né bite xa y, nhu thé radi chi dong vai trd ngudn cung cap

radon.
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Trude day radi duge sit dung dé phdt hién cdc vé it trong vit diic hoic trong cic moi
han, dé loai bo cic dien tich. Ngay nay cdc nguyén to phéng xa nhan tao, vdi phiéu diém wu viét,

da thay thé radi rong cac (mg dung nay.

Radi hén hop véi kém sunfua diing trong ché tao cdc chat phit lan quang. Radi hén hap

v6i berili cling ding dé ché tao cic ngudn phdt notron.

11.4. FRANXI (FR)

11.4.1. Su phat minh franxi - Cic dong vi va trang thai tu nhién cua franxi

Nam 1939, nhi nit bac hoc ngudi Phip tén 1a M. Perey da phit hién ra nguyén (6 cd s6
thy tr 87, khi tich duoc nguyén (6 nay 1ir cdc san phiam phin rd cha actini, va dit tén Ja Franxi
d¢ ghi danh nude Phap, 16 quéc cia ba.

Ngoai déng vi c6 dvi song dii nhat **'Fr (1, = 22 phit), con ¢6 17 dong vi khic cia
franxi ¢6 doi s6ng ngin, thudng diéu ché nhan tao. chh y€u biang phian tmg toé (spallation
reaction) khi bin pha truc tiép hat nhan thori bang cdc hat o nang lugng cao. Cic déng vi ngin

ngay cila franxi ciing hinh thanh trong su phan ra o cdc dong vi cua actini.

Franxi ¢ mat trong quidng urani v&i ham luong vo cling nho, 7,7.10" nguyén tr *"U,
tic 3 3.10™ nguyeén 1l urani tr phién mdi ¢6 mot nguyen tir franxi. Theo cdc tinh todn, tong
khai luong franxi c6 trong vo Trdi Dat (tinh dén chiéu sau 1,6 km) ta 24,5 g.

11.4.2. Tinh chat cua franxi
11.4.2.1. Tinh chdt Y hoc

Franxi ¢é khéi luong riéng 2,48 g/em®, nong chay ¢ 8,0°C va so1 0 620"C. Cic dong vi
g 2 g chay pa

ctia franxi ¢o thoi gian séng ngan, hoat do phéng xa riéng cua nd lén 161 45 000 curi/mg.

11.4.2.2. Tinh chdt hod hoc

Franxi nam trong chu ky VII vd phian nhém chinh tha I, nhém kim loai kiém, cta hé
théng (udn hoan, ¢6 cau hinh electron céc 16p ngoai nhu sau: 5575p"5d"65°6p 7s'. Franxi chi the
hién s6 oxi hod +1. Cac tinh chat hod hoc cia franxi chi dugce nghién ctu véi cic dung dich sigu
loing ¢6 chita nguyén (& nay, vi déng vi song dai nhat cha franxi, *'Tr (**AcK), ciing chi ¢6
thai gian bdn huy 22 phit.

Nhiéu hop chat cla franxi dong hinh véi cic hop chit tuong ting cua cesi, vi thé thudmg
ngudi ta két tinh cic hop chat clia cesi dé cong két cidc vi lugng franxi. Két tha cesi perclorat tit
dung dich ruou trong nude cong két 60% vi lugng franxi perclorat (FrCl0O,), con trong trudng

hop cesi picrat chi cd 50% franxi cong két. Khi két tha hexacloroplatinat cia cesi va rubidi tir
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dung dich ruou - nude, Fr,PiCl; cong két mot cach dinh Jugng, trong khi liti v& natri hoan toan
khong cong két. Tu dung dich axit axetic, franxi pentaclorobitmutat (Fr,BiCi,.2,5H,0),
hexaclorrostannat Fr,SnCl,, hodc cobannitrit Fr,Na[Co{NO,),] bi cong k&t hoan toan khi két 10a
cac phiic tuong Ung coa cesi. Sy cong két 90% franxi xay ra khi ket tha cesi cloroantimonat, cesi

silicomolipdat, hoac cesi photphorotungstat.

Franxi cling bi cong két hoan to2n va chon loc & dang Fr8i0,.12W0,nl 1,0 tir dung

dich axit clehydric dac, khi axit silicotungstic tur do két tia.

Franxi clorua bat ddu thang hoa trong khong khi & nhiét do 225°C v & 110°C trong chin
khong. O khoang nhi¢t do 100 - 150°C trong chan khong, né thing hoa nhanh vi hoan toan, con
0 nhiét do cao hon qui trinh thang hoa hoan tat trong vong 1 phiit. C6 thé dya vio dac diém nay
dé tach franxi khot déng vi clla radi AcX, nhung cdc dong vi cua chi va tali, AcB va AcC”, ciing

bay hgi mot phan clng véi franxi.
11.4.3. Di¢u ché franxi

224

Bong vi *'Fr (AcK) hinh thanh do sv phan rd a ciia *’Ac. Déng vi nay ¢6 thé thu duge
khi tach khoi cdc san pham phan ra khéc cla *Ac, cic ddng vi cta thori, radi, poloni, bitmut,
chi, va tali. Sy 1ach franxi khéi cde nguyén t6 nay duge tién hanh bing két tinh phan doan, chiét,
sac ky hodc kél hop cdc phuong phép niy. D€ tach franxi tir cdc dung dich, mot giai phdp k¥

thudt hay duge st dung la cong két franxi vé1 chat mang cesi.

Khi cic dong vi cua franxi duge diéu ché bing phan ting t0é bin pha thori bing chiim
proton nang lugng cao, bia thori duge hoa tan trong axit clohydric dic, sau dé franxi cong ket
vdi axit silicotungslic va téch khoi dung dich. Két tda, sau khi loc rira, duoc hoa tan tré lai trong
nude 161 hap phu trén chdt trao ddi cation. Franxi dugc rita gii bing axit clohydric.

Cdc dong vi ciia franxi ciing ¢6 thé diéu ché bing phan ting toé khi ban phd urani 238
bang chiim proton ning [ong cao theo phan ting **U(p.6p2 In)*Fr, bia duge hoa tan trong hon

hop axit nitric va hydroperoxit va franxi cong két v6i chat mang cesi.

11.5. RADON

11.5.1. Su phat minh radon - Céac dong vi va trang thii tir nhién cia radon

Qud trinh phdt minh rudon dién ra trong thoi gian dai vor su dong gép cong siic cla
nhiéu nhi khoa hoc. Npay tir nam 1899, M. Curi dd nhan thdy rang khong khi da uép xiic véi
radi tr¢ thanh dan dién. Nam 1890, . Rutherford phdt hién ra rang thori phit ra mot loai khi cé
tinh phéng xa va dat tén cho hién tugng nay 13 su xa khi. Sy xa khi clng duge F. E. Do tim
thily & radi. Nhimg nghién ciu vé tinh chat hod hoc chat xa khi tir radi do W. Ramsay, E.
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Rutherford, F. Soddy vA cdc nhi khoa hoc khéc tién hanh da chi ra ring nguyén 16 nay gidng cdc

khi tro vé mat hod hoc, vi vay E. Rutherford, va F. Soddy di xép n6 vaoc nhom Khi tro.

Khi nghién ctru cdc ho phdng xa urani, actinourani va thori, ngifdi ta thdy rang cic dong
vi cia radi nhir °Ra, *'Ra (ThX) va *'Ra (AcX) khi phan 13 o déu chuyén thanh mot déng vi
ctia nguyén té ¢d 30 thit tr 86. Cic ddéng vi con duge dat tén theo déng vi me, ching han sy
phan rd o cua 2*Ra tao thanh raden (**Rn), ThX (***Ra) tao thanh thoron (“*'Rn} va AcX (*'Ra)
tao thanh actinon (*'"Rn). Nguyén 16 ¢6 s6 thit ty 86 duoc goi la nguyén td radon theo 1én cla

dong vi 1y nhién song dai nhat (z,, = 3825 ngay).

Ngoii cdc déng vi tir nhién ké trén, radon cdn ¢6 14 dong vi ngan ngay duge diéu ché
nhan tao. F. W. Aston di cho t3i 400 14n khong khi di cham gqua than hoat tinh nhung khong tim
duoc mot dong vi bén nio cha radon. Vi thé radon duoc cot la mot nguyén to phéng xa, tic 1a

mot nguyén 16 ma tat ca cdc dong vi déu la dong vi phong xa.

Vi urani, thori va radi ¢6 mit rong rai trong tu nhién, nén radon ciing ¢6 trong dat dd va
khi quyén. Tong khéi hrgng radon ¢é trong 1dp vo Trdi Dt (chiéu day 1.6 km)} duge ude tinh vao
khoang 115 tdn. Trong khong khi & viing dat lién, ham lugng radon trung binh 1a 7.10" g/m’
(10 " curi/m”), trén mat bién 2.10"7 g¢/m” (2,6.10" curi/m’). Vi radon c6 nguyén tr luong 1dn
hon nhiéu so vdi phan tr lugng cna oxi vi nitg, nén ham lugng radon trong khong khi giam rit
manh theo do cao:

P6 cao (m) 0,01 I 10 100 1000 7000
Ham luong ’Rn (% téng luong **Rn) 100 95 87 69 38 7
Pé cao (m) O 5 10 25 50 100

Ham luong thoron *Rn (% t6ng lugng *Rn) 100 70 50 29 5 0,1

11.5.2. Tinh chat 1y hoc cua radon

Sy xdc dinh phan nr lugng cia radon bing phuong phép can (222,4) hoac bang phuong
phap phéng luu {effusion) cho thiy rang radon 12 khi don nguyén tlr. Khi radon khéng mau hod
idng thanh mot chat [ong khong mau phit 1an quang, so6i1 & -61,8"C, dong dac & -71°C. Radon &
thé ran ¢6 mau xanh da troi sdng.

Radon hoa tan tuong déi it trong nudc, nhin chung tan nhiéu hon trong cdc dung moi
hifu co, tan 16t trong cic hydrocacbon, dac biét 1a trong cdc axit béo dé tan ciza nd tang lén theo

chiéu tang nguyén tlr lugng cla axit. Radon tan rat nhiéu trong cacbon sunfua. Bang 11.1 ghi do
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tan cua radon trong nudc va mot s8 dung moi, bi¢u dién qua ty s& gifia néng do radon trong pha

l6ng va néng do radon trong pha khi.

Bdng 11.1. D0 1an cia radon rong mot s& chat long.

Nong do radon trong pha Iong/Néng do radon trong pha khi |
Dung moi : :
18°C ¢C -18C

Nutdic 0.285 0.52
Rurgu etylic 6.7 8.28 10.4
Axeton 0.3 7.99 10.8
Benzen 12.82 ‘
Hexan 16,56 234 35.4
Cacbon disunfua . 314 334 | 503 -

Radon bi hap phu manh trén than hoat tinh va silicagel, va ngui ta loi dung tinh chit
ndy dé tich no khéi CO, |, nude va cde tap chat khdc, Nhiét hap phu clia radon trén than 1 7510
cal/mol, trén silicagel 6800 cal/mol 1a nhitng tri s6 kha 16n. Su giai hap cla radon khoi than dién
ra ¢ 350°C.

11.5.3. Tinh chat hoa hoc

Radon la mot khi tro, cdu tao dicn tr cic 19p ngodi cua né 3575p"5d4"'65%6p° véi 6p
ngoal ciing c6 8 electron quyét dinh tinh 'iro™ vé hod hoc clla nguyén 16 nay. Radon khong thay
doi khi dun néng manh hodc 1am lanh sau trong khong khi. khong két hop véi oxi ngay khi
phong tia lira dién, khong bi oxi hod khi cé mat cdc tidc nhan hoic xiic tic oxi hod manh nhu chi

cromat hoac boét platin ¢ nhi¢t do ndng do.

Giong nhu cdc khi tro khdc, radon ciling tao thanh cac florua. Khi hén hop radon va
xenon tac dung vol khi flo, RoF, duge tao thinh s& dong két tinh véi XeF,. Khi ning nhiét do
Ién 100'C, XeT, bay hoi dé lai RoF,. Florua cia radon bay hoi ¢ 250"C va bi khit & S00'C bang

hydre tao thanh radon w do.

11.5.4. Tich va tinh ché radon

Radon thu duge nhé tich luy san phim phén rd cia radi. Khi diéu ché radon ngudi ta
khong dung cdc hgp chat cla radi & trang thai ran vi chi mot phin radon tao thanh thodl ra &
trang thdi khi. Khi ding dung dich chita hep chit ciia radi, radon duge tao thanh s¢ duge dinh ky
tich ra bang cdch dat dung dich vio mot thiét bi chan khong chuyén dung. Viée dé radon ndm
lau trén dung dich chifa radi lam radon bj nhiém ban bdi cdc sin pham phan huy phéng xa ctia

nude (oxi, hydro, hoi nuée), hoi clia axit da ding dé hoi tan radi, heli, sin phim phan ri phéng
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xa cua radi va radon, hoi clia cdc hgp chat hitu co hinh thanh do tic dong cua cac hat o 1én m&

chan khong duge sirdung.

llydro va oxi dugc loai bd dé dang khi cho radon di gua bt dong va oxit dong

nung nong.

Cédc chit hitu co bi oxi hod khi cho radon di qua chi dicromat, cacbon dioxit, hoi axit
duge hap thy bang KOII, hoi nude bang P,0s. Khi raden duce lam lanh v hod rin boi oxi long,
hydro v heli con s6t lai s& dude bom ra ngodi. Heli va cic khi tro ¢6 thé tich khoi hydro bang
hap phu trén than hoat tinh réi giai hap ¢ 350°C. T4l ca nhimg cong doan trén nén duge uén hanh
véi cdc thiét bi ban ty dong dugc ché tao dac biet, vi radon khi di vio co thé con rgudi ird nén
rit nguy hiém. Khi phan rd phéng xa n6 tao ra cdc dong vi phéng xa dai ngay nhu RaD va

poloni. Ham lugng cho phép cua radon trong khong khi Ly 107" curi/l.

11.5.5. Ung dung ctia radon

Radon duoc st dung dé ché tao cde bdn tdm radon nhin o ding cho di¢u 1 bénh thap
khép, bénh viem ré thin kinh vd mot 6 bénh khic. Khi hon hop véi berili, radon tao thanh
nguén notron (thudmg goi 1 ngudn notron radon - berili). Radon thudng duge dung lam khi
phong xa dé phat hien cdc ¢hd 1o rf ctia cde dudng Sng va do toc do dong khi... Ngoiu ra, radon
con duoe diing trong nghién cim cdc bién déi cla pha ran. Trong cic nghién clu nay, t6c do
thodt radon tit miu ran ¢6 chifa cdc dong vi cla radi 1a mot dau hi¢u chi thi trang thdi cua vat the

ran vi nhimg thay d6i ¢l né do nhimg bi€n doi hod - Iy xiy ra khi nung ndng.
11.5.6. Phan tich radon

Radon duge xdc dinh bang do chiim o trong budng ion hod hodc biang cdch do hout do v

cl cde san pham phan rd cla nd.
[1.6. POLONI
11.6.1. Su phat minh, cic dong vi va trang thii tu nhién cia poloni
Nam 1898 M. Curi di tdch duge mot nguyén 16 phong xa mdéi tir quing pitchblende, khi

ba tim hidu xem chal nio gay ra tinh phéng xa cua phin doan ducce két tha nho chit mang
bitmut sunfua, va dat tén 12 poloni dé ghi nhé (6 qudc Ba Lan ¢fia minh.

Vé sau. Rutherford da xdc dinh duoc lién quan gifta ddng vi *""Pa. ma M. Curi fim ra,
véi urani va xép poloni 210 vao ho phéng xa clia **U. Trong ciic ho phong xa cua **U, **U va
BT con cé 6 déng vi ngan ngdy khic clia poloni: RaC' (*"Po), AcC (*'Po), ThC (*“Po),
RaA (?*Po), AcA (*'"Po) ThA (**Po). Ngudi ta con tong hop nhan tao duge 20 déng vi khidc va 2
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déng phan hat nhan ctu poloni. C6 thoi gian song dai nhat 14 hai déng vi nhan tao, *"Po (1, =
2,93 nam), *"Po {1,, = 103 nam) va déng vi t nhién Po (1, = 138 ngay). Hai déng vi nhan
tao c6 doi song dai khong thé tong hop duge v6i khoi luong 16n, con déng vi tr nhien **Po
khong nhimg tach duge tir quang w nhién ma con tdng hop nhan tao duge nén van la dong vi

chu yé€u xdc dinh nguyyén ur lugng clia nguyen 5 poloni.

Trong nr nhién, poloni ¢ mgt trong quang urani, mét gam urani nim can bing
v6i 7.6.10™" g poloni, titc 13 ¢6 0,064 mg poloni trong 1 tan tinh quang pitchblende (U,0,). | gam
radi nam can bang véi 2,24.10* gam polgni. Ngudi ta khong tun thay poloni rong quang bitmut
v telu, mace di cde nguyen 6 nay khd giong poloni. Ham lugng poloni trong vo Trdi Dat 1a
2107,

11.6.2. Tinh chat 1¥ hoc cua poloni

Poloni 1a kim loai mém, trdng bac, véi 4nh xanh hoi vang., ¢6 khoi luong rieng 9,32
glem', néng chay & 254"C va s6i & 1162°C, tao thanh hai dang tinh thé, dang lap phuong don
gian (o) ¢ nhiét do thip va dang mat thoi (B) & nhiét do cao. Nhiet dé chuyén pha 12 36°C, nhung
do ning lugng clia bifc xa o, ngay & nhiét do phong poloni di t6n twi & dang thi hinh f. Su
chuyén sang dang o chi xay ra khi lam lanh sau.

11.6.3. Tinh chat hoa hoc cua poloni

11.6.3.1. Cdu tao dién tit va hod tri

Poloni nam & nhdm VI ctia bang tuin hoan. Cdu hinh electron duge mé ti biang so dd
55°5p°5d""65°6p* cho thily né ¢ thé ¢6 cic trang thdi oxi hod -2, +2, +4, +6 va ci +3, nhung
trang thai oxi hod bén nhat clia né 1a +4.

11.6.3.2. Phdn itng ctia kim loai poloni

V¢ phuong dién hod hoc poloni giong vdi telu, nguyen 6 co vi tri tuong duong véi néd
trong he théng tuin hoan. Mat khéc né cling ¢d diém tuong tr v6i bitmut, nguyén 18 nim & bén
trdi no.

Poloni bl oxi hod boi oxi ¢ 250°C tao thanh dioxit, phan tmg v6i axit dé dang hon telu,
chiing t6 ring né ¢6 tinh kim Ioai manh hon. N6 phan iing ménh li¢t véi HNO, dam dac va cham
hon vé HNO, loing, hoa tan trong axit é:lohydric lodng tao thanh PoCl,, rét hop chdt nay
chuyén hod thanh PoCl, dudi tic dung cua cdc tia o. Poloni hod tan manh trong hén hgp axit
clohydric va axit flohydric. N6 tdc dung véi axit sunfuric lodng tao thanh Po{SO,),, nhung phan
Ung véi cdc dung dich dam dac cha axit sunfuric, selenic tao thanh cic hop chat khéng bén
PoS0, va PoSeQ,,
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11.6.3.3. Cdc hop chit cda poloni
CAc oxit va hydroxit

Poloni tao thanh ba oxit: PoO, PoQ, va PoO,. Monooxit duge tao thanh do sur ty phan
huy cia PoSQ. vi PoScQy, cdc san pham khéng bén cua phan (g gilta poloni kim loai vdi dung
dich dam dic cla cdc axit sunfuric, selenic. Pioxit thu duge khi oxi hod poloni bang oxi o
250°C, cé hai dang thi hinh, dang 1t dién (tetragonal) mau do va dang lap phuong mit tam mau
vang, trong khong khi thang hoa & 885°C, nhtmg trong chan khéng ngay & 500°C da bj phan huy
tao thanh poloni ty do. PoO; thu duge khi khir trén anot mdt vi lugng ion poloni tir dung dich
axit.

‘Tuong (ng vai poloni monooxit 1a mdt hydroxit bazg Po{OH),, két tha khi dung dich

chiia ion Po®' tac dung vdi kiém hoac amoni. Hydroxit cta peloni hod w1 IV, Po0,.2H,0, luGng
tinh,

Cac halogenua cua poloni

Poloni tetraflorua tao thanh khi hoa tan poloni trong axil flohydric. Khi klur dung dich
nay bing SO, thu duge dung dich poloni diflorua. Ngudi ta khong quan sit duoe su tao thanh
triflorua va hexaflorua cia poloni.

Poloni tetraflorua tao thanh khi hoa tan poloni trong axit clohydric, khi clo hode cdc tic
nhan clo hod nhu CCl,, SOCI,, PCI; tac dung véi poloni hoic poloni dioxit. PoCl, két tinh thanh
cdc tinh thé mau vang nhat, ndéng chdy vi s61 & 300 va 390"C, hoa tan trong nuéc va nhicu dung
moi hitu co, v6i TBP né tao thinh phitc solvat PoCl,. 2TBP. Trong nude PoCl, bi thuy phan dé
ding. Trong dung dich axit clohydric nd tao thanh axit phic H,PoCl;. Mud1 cia axit nay dong

hinh v&i cde mudi tuong img cua axit HyTeCl,.

Poloni diclorua thu duge khi phan huy PoCl, & 200°C wrong chan khong, hoac khir PoCl,
& 150 - 200°C bang céc tic nhan khir nhue hydro, hydro sunfua, CO. Khi khir sau hon, ¢ thé thu
duogc polont kim loai.

Vi iot vit brom poloni ¢iing tao thanh cdc dibromua, tetrabroomua, ditodua, tetraiodua,
Poloni hydrua

Giong nhw su hinh thanh bitmut hydrua, phan tng cia dung dich poloni trong axit
clohydric véi k&m kim loai tao thanh Poll,. 1igp chat nay clia poloni kém bén hon so véi Bit,.

N6 hoi 10ng & 37°C vh bi thuy phan trong khéong khi am.
Polonua kim loai

Poloni phdn (ing v6i chi va thuy ngan ¢ 325 - 350°C tao thanh cdc pelenua cia chi,
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PbPo, va thuy ngan, HgPo. Cic polonua clia kém (ZnPo}. platin {PtPo,) va niken (NiPo) hinh
thanh khi ngung tu hoi cla cdc kim loai nay trong chan khong. Ngudi ta nhan duoe cd céc

polonua bac, dong, berili, canxi, nhung poloni khéng phan {ng vai titan, vang, sal v nhom.
Poloni nitrua

Poloni khong phan img v6i nite. Poloni nitrua, Po,N,, duge diéu ché bang cdich phan huy
nhiét amoni hexabromopolonit & 200°C. Hop chat niy ¢6 mau viing, phin huy dé dang kém theo

su no.
Poloni sunfua

Poloni sunfua ket tia khi hydro sunfua phin (ng vdi dung dich ion Po’™ trong axit
clohydric. Né khong tan trong amoni sunfua vi phan huy khi dun néng trong chan khong, tao
thanh poloni tir do.

11.6.34. Ton poloni trong dung dich

Po"!. C6 cic bang chimg thyc nghi¢m gidn tiép v tryc Liép chimng to rang ¢é sur 1én tai

ion PoO,” trong dung dich, & d6 poloni ¢é s6 oxi hod +6.

Po™. Trong dung dich. poloni (IV) ¢6 thé t8n tai dudi cic dang ion:, PoOy", Po** va cic
dang thuy phan ciia cdc ion nay.

Trong dung dich kiem poloni (IV) tén 1ai & dang ion PoQ .. Hydroxit H,PoO; ludng
tinh nhung ¢6 tinh bazo manh hen H,TeQ,. Khi axit hod dan din dung dich chita PoO,* $& xiy ra
qud trinh chuyén hod din thanh Po™:

H* 4+ T
Po0, H,0 — Po(OH), 1, poo, 'y po

Khi kiém hod dan ddn dung dich axit chita vi lugng poloni (IV). & pH = 2,5 ¢6 thé quan
sat dugc sur tao thanh keo gia. G pH = 7, khi nong do c¢ mat di dé dat duoc tich s6 tan ciia
Po(OH), (vao c& 10°7-10"%} s& hinh thanh két tia Po(OH),. O cdc PH cao hon né tén tai & dang
keo hydroxit tich dién am va trong moi trudng kiém manh pH > 12 tao thianh PoO.2.

Po". Khi hoa tan cham poloni kim loai trong axit clohydric nguti ta thu duge dung dich
Po™. lon nay ciing hinh thanh khi khit Po™ trong dung djch axit clohydric bang tic nhan H,S.
Néu khi ti€n hanh phin ting kh, trong dung dich cé mat Bi*™, thi két tia Bi,S, s& gay ra su cong
k¢t poloni va tich né ra khoi dung dich,
11.6.3.5. Diéu ché poloni

Poloni dugc diéu ché bang 4 phuong phap chii yéu:

- Tir san pham phan ri ctia radon;
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- Tir dung dich cic mudi radi;

- Tir quang urani hoac tir dung dich théi sau khi da thu urant;
- Ban phd bitmut bang chiim notron.

1) Thu poloni tit san pham phan ra cia radon

Dung dich hén hop HNO, v HCl dung d€ rira thanh Sng chita radon dai ngay duoc c6
dac. hod tan lai, cong két poloni bang k&t tha sunfua chi va bitmut. Cic sunfua duge hoa tan
trong hén hop HNQO, vi HCL, pha lodng dung dich vi két 1ha chon Ioc poloni biing bac kim loai.
Ké&1 tia duoe hoi tan trong axit HNO, néng va tich buc bing ké1 tua bac clorva. Dung dich chira
poloni dugc ¢6 bay hoi, hoa tan lai trong HCL 0,5N rdi dién phan véi cdc dién cye platin dé thu
poloni. Poloni c6 thé két tia trén cd hai di¢n cyc, kim loai poloni trén catol con poloni oxit irén
anot. O mat do dong 4.10°A/em? chi ¢6 poloni ket tia, numg ¢ 107 Afem® dong vi RaE ciia

bitmut bat ddu két tia, tdi 10*Afcm?® thi cd dong vi RaD ciia chi cling ket tua.

Poloni cling ¢6 thé 1ich khoi dung dich bang phuong phdp hod hoc nhu cho tic dung

v6i niken. RaE cling k&t tha v6i poloni duge tich ra bang cich lim thang hoa.

2} Tich poloni tir dung dich muéi radi ciing duge tién hanh bang phwong phap
dién hoa nhu mo ta o trén.

3) Pé thu duoge poloni tir quang urani, quang dugc nung chay vo1 xoda o hoa tan
chit chay trong nuée dé dira poloni ciing nhiéu nguyén 10 khde vao dung dich dudi dang muoi
cta cic axit trong tmg. Dung dich duge axit hod bang axit clohydric, dung H.S dé kel taa sunfua
poloni, bitmut, thuy ngan, asen, antimon, tali v chi... K&l 1a duge Tia biing amoni sunfua hodce
polysunfua dé loai cdc sunfua thiéc, asen va antimon, o1 hoi tan trong axit nitric. Khi trung hoa
vi pha lodng dung dich thu dugc, bitmut két 1t 6 dang muodi bazo khé tan Bi(OHYNO,), va kéo
theo poloni ciing mot phan Cdc tap chit nhu chi, tali. KEt tia nay duce holl tan trong axit pitric

réi diing bac dé két tha poloni. Cic cong doan 1iép theo dién ra nhu di mo ta & phuong phitp (1).

4) Sur ban pha bitmut biing notron o ra déng vi phdng xa ~“Bi, dong vi nay phan 1a
B- tao thanh *'"Po.

Poloni dugc tich khoi bitmut nhd cong K&t vai telu,

Poloni ciling c6 thé tach khoi bitmut bang cdc phuong phip chiétl. C6 nhi¢u quy trinh
chiét thudmg duge st dung:

- San pham chiéu xa duge hod tan trong axit clohydric, trung hoa dén pH =7 + 9 roi
chiét bang TBP (phitc duge chiél PoCl,.2TBP);
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- 8an pham chidu xa duoc hoa tan trong axit clohydric hodc axit nitric roi chiét bing
dithizon, S(NFH-NHCH.),. (phite duge chigt PoODz,, Dz ky hiéu dithizon);

- Sin pham chi¢u xa duge hod tan trong axit clohydric réi chict cdc phtc axit bing ruou

hodc xcton:

- San pham chidu xa duge hoa tan trong axit clohydric o1 chiét bang dung dich TTA

trong benzen ¢ pH =0+ 2;

- San pham chicu xa duge hoa tan trong axit nitric r6i chict phire dang Po(NO ), bing

hexon. Trong truding hop nay phite Po(O)L(NO,),* khong bi chist.

Su tdch poloni khoi bitmut efing ¢é thé thue hi¢n bing sic kv trao déi ion. Khi san pham
chiéu xa duge hod tan trong axit clobydric, ¢é the sir dung nhua trao déi cation Dowex-50, nia
gidi bitmut bang HNO, 2M, polont biing 1C] 2M. St tach poloni khoi selen, telu ciing thie hién
bang nhua trao doi cation va rita gidi poloni bing axit HNO, 1M, selen bang 1ICT 6M, telu bing
HCI 2M.

Khi ding nhuta wofatit, sin pham chiéu xa duoe hod tan trong axit nitric (1:1), nra giai
bitmut bang HCI dam dic. poloni bing HNO, (1:1).

11.6.4. Ung dung ctia poloni

Dong vi *'"Po phan ra o v6i thdi gian bin huy 138 ngiy, né duoc ding lam nguén phit

¢, hodc dé ch& lao nguén phiit notron poloni - beril;.



CHUONG 12

CAC NGUYEN TO SAU URANI

Céc nguyén 16 hod hoe dimg sau urani trong bang tudn hoin, tic la cde nguyen 16 ¢o 0
tht tir 16n hon 92 duge goi 1a cic nguyén 16 sau urani. Cic nguyén (0 san urani duge diéu ché
nhan tao bing phan (ng hat nhan. Trong quang urani. 1 gam urani ¢ chia 1.8.10" gam

neptuni, 0,4.10 ¥ - 15,10 gam plutoni.

12.1. NEPTUNI

12.1.1. Sy phit minh, cdc dong vi va trang thii tu nhién cua neptuni

Nguyén 18 sau urani dau tién duoc tim thay boi B M. McMillan va P. tL Abelson nam
1940 ¢6 56 thir te 93, 1lai nha bdc hoc nay thay rang khi chi¢u xa notron mot Lt urani mong,
chi con lai trong mau hai san pham ¢6 tinh phéng xa vdi thor gian hin huy 2,3 ngay va 23 phut,
nhimg san pham phan rd khdc ban ra khoi miu do higu tng lii. Ho cting chi ra ring dong vi
phong xu ¢ thai gian bin huy 23 phit [a * U, con déng vi ¢6 thoi gian bin huy 2,3 ngly thuoe
vé mot nguyen 16 moi. Nguyen (6 niy khic voi cic dit hitm o ¢ho ¢o ¢ 80 oxt hod cao nhat +7,
khong cong két vai lantan florua vh ¢6 tinh chat giong urant. Nguyen 10 mai nay duoe dagen i
neptuni (ky hi¢u hod hoc 1 Np) theo én cua hinh tinh Neptune Ja-hanh tinh nam ngay phia
ngoai hanh tinh Uranus. Dong vi ¢6 thoi gian ban huy 2.3 ngay *,:Np duge tao thanh do phan

(g hat nhan sau day:

. v o, B . .
“‘H.EU(IL}‘J“ 1;3L" ——'I—- EH\,;NP _.[—‘.. (12 1 }
23 min 2. 3ngay

Nam 1942 nguoi ta di didu ¢hé duge dong vi song dii nhit cua nepton *¥oNp (1, =

2.2.10" niam) bing phan (ing:

ERTTI 4Tt 1}’_ 3T t
W 0m2n 0 ——— U Np ———— (12.2)
6.37 ngay 2.2 néu ndan

Hi¢n nay ngudi ta biét 15 ddng vi cla neptuni.

Ho phéng xa vdi 6 khoi 4a + 1 khong c6 mat trong iy nhién. Déng vi song dai nhit cua

nguyen 6 neptuni 1a *Np ciing ¢6 thai gian ban huy qui ngan so véi woi coa Trdi DAL, nén da
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phan rd hét tir lau. ‘Tuy nhién, cdc phan tng hat nhan (12.1) va (12.2) lién luc dién ra trong
quang urani, lien tuc 1ao ra *“Np va *'Np . Nhung him lugng neptuni trong quang urani rat nho,
chi1a 1,8.10"% ciia urani.

12.1.2. Tinh chat vat Iy cua neptuni

Neptuwn Ja kim loai sdng bac, wwong d6i mém gidng nhu urani, déo, nong chay o 640°C,
€6 ba dang thii hinh (allotropic modification): Dang o c6 mang tinh the unc thoi, bén & nhiet do
phong, ¢ 278°C chuyén thanh -neptuni ¢é mang ti dién (tetragonal) va chuyén sang y- neptuni
v&i mang lap phuong 1hé tam & 570°C. Khéi luong riéng cla cdc dang thu hinh «, {3, v, tinh theo
cdc dir kién Rontgen cdu tric, ldn luot 1a: 20,45, 19,36 va 18,00 g/em'

£2.1.3, Tinh chat hoa hoc cua neptuni
12.1.3.1. Cdu tao dién tu, trang thdi hod tri va ddc tinh hed hoc ctia kim loai neptuni

Neptuni ¢6 cdu hinh electron 555p°54"'5f'65°6p"6d" 75%. Cic electron 7s, 64 va Sf déu c6
thé tham gia vao lién két hod hec vi thé né thé hién cic bac oxi hod +2, +3, +4, +5, +6 va ci +7.

Vé mat nly nd khd gidng véi urani.
Ngudi ta biet khong nhiéu vé tinh chat hod hoc cia neptuni.

Neptuni bén trong khong khi nhung 13 mot kim loai hoat dong hod hoc, ngay & 50°C né
da ké1 hgp v6i hydro va phan 1ing v6i céc halogen, hod tan 16t trong axit clohydric 1M, nhing

khi ving mat cdc tac nhan oxi hod thi sau khi bi hoi tan fai tac thanh két tha ¢6 mau den,
12.1.3.2. Cdc hop chdt ctia neptuni
Cac oxit

Hai oxit duge bict r6 cia neptuni ia NpO, vi Np,O,. Bén canh d6, khi ti€n hanh phan
img giita neptuni va hydro dé diéu ché neptuni hydrua, trong san pham phdt hien duge NpO.
Khic v6i urani, neptuni oxit v6i 6 oxi hod cao nhét ctia né (+7) khong di€u ché duge. Khi nhict
phan mudi cha cdc oxiaxit trong khong khi chi thu duge NpO,. Neptuni dioxit thu duge khi nhiét
phin hydroxit hodc peroxit, tan trong cdc axit dam dic, nhumg n€u khi nhi¢t phan ducce giit lau &
nhi¢t do cao, kha nang phan g cta né gidm di va chi tan trong axit dac khi ¢6 mat chit oxi
hod. Khi dung dich cdc hop chat chia neptuni (IV) téc dung v&i kiém, ngudi ta thu drac
Np(OI1), 1a bazo tuong img clia neptuni dioxit. Np.Q,. thu duge khi nhiét phan amoni dineptunat
0275 - 425°C. ¢6 ciu tridic gidng vét U,0,. dé hod tan trong axit nitric, khi nung néng dén 600°C
né chuyén thinh NpO,. Cdc hydroxit clia neptuni (V) va (VI). NpO,(OH) vi NpOy(OII),, ludng
tinh. Dung dich chia neptuni (1V) tic dung véi H,0, tao thanh neptuni perox(, NpQO,.2H,0
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Cac halogenua
Neptuni tao thinh cdc halogenua sau day:
NpF. NpF, NpF,
NpCl, NpCl, NpCl
NpBr, NpBr,
Npl.
Cic hoyp chat khac

Neptuni kim loai phan {mg vdi hydro & 50°C tao thanh hydrua Np,H;, v&i graphit o
2660 - 2800°C tao thanh cacbua NpC,, vdi photphe do & 750°C tao thanh photphua NpP. O
1500°C, neptuni triclorua tic dung vdi silic tao thanh silixua, NpSi,. Phan img cua neptuni

hydrua véi amoniac & 800°C tao ra neptuni nitrua.
12.1.3.3. Neptuni trong dung dich

Trong dung dich neptuni 16n tai & dang cdc ion tuong Ung vdi tat ca cdc s6 oxi hod tir 5
dén 7: Np", Np*, NpO,*, NpO,™, NpOs', trong dé NpO," ki bén nhat. So vdi cic ion tucng (ng
cha urani, cic ton hod tri thap clia neptuni bén hon, con ion hod tri cao nhit kém bén hon. Cac
101 bi hydrat hoa.

Ion neptuni (I11), Np", khong bén trong dung dich vd nhanh chéng bi oxi hod trong
khong khi, trude tién thanh Np*, réi thanh NpQ,*. Np™ phin img v&i axit 1ao thanh Np'* v gidi
phéng hydro.

Np* tuong déi bén trong dung dich, dugc tao thanh khi oxi hod Np'* hoac khit Np (V)
v (VI) bing I rong dung dich HCI 5M. bing SO, hoic hydrazin trong dung dich H,SO, 1M,
bing céc tdc nhan khir khiac nhu Fe™, Sn™, axit oxalic, hydroxylamin... Dung dich Np** bi oxi
hoii cham trong khong khi, bi oxi hod nhanh hon trong HNQ, 1M 1ao thanh hén hop neptuni (V)

va (V]), con vdi cic chat oxi hod manh hon chi tao thanh neptuni (V).

Dung dich Np* phin {mg vdi kiém tao thanh két tia cita bazo Np(OH),, tic dung vdi
H,0, cho két ta peroxit NpQ,.2H,0. Cic sunfat, nitrat, clorua va perclorat clia neptuni (IV) hoa
tan tot trong nudc, cidc oxalat, hydrophotphat, iodat, phenylasonat va cdc phic véi florua it tan
hon. Neptuni (IV} tao phifc véi florua, sunfat, photphat, oxalat, axetat va nhiéu ion khic. Nhimg
phiic niy bén hon cdc phitc tuong dng cla urani. Np** ciing tao phic véi TBP va EDTA.,

Ion NpQ,*, thutmg goi 12 ion neptunoin, A ion bén nhdt cla neptuni trong dung dich,
duge diéu ché bing cach khir neptuni (V1) véi nitrit, hydrazin, Sn**, H,0., axit clohydric nong,
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bang cdch hoa tun Np.Oy trong axit, hoac bang cdch oxi hod Np*.

lon NpQO,” bén trong axit clohydric va nitric, nhung trong dung dich 1,80, 1M bi bién

dai theo phuong trinh:
NpO,+ 411" = Np™ + NpO,™ + 2H.0

NpO,(OH).xH,O, két tia khi dung dich NpO.' tic dung véi kiém hoic amoniac, 1a mat
hydroxit ludng tinh, tso thianh nhimg mudi tan wong nudc nhue  NpOQ,ClO,.xILO,
NpO.NOxHO va (Np0O,).SO,xH,O, it tan nhur  Kali-. hoic xezi neptunoin tricachonat,

Neptunoinoxalat khéng tan trong nudc, nhung tan khi ¢6 du oxatat do tao phiic.

Neptuni (V) tao phic vai nairi axetat, Na[NpO,(CH,COO),), vai anion cla cic axit

oxalic, lactic, glycolic, xitric, EDTA, tactaric..., nhung chi tao phic khéng bén vdi clorua.

Ton neptuni (VI), NpO,*, thudng goi 12 ion neptunyl, ¢6 thé thu duoc bang cich oxi hod
cde trang thar hod tri thip hon cua nepluni véi cdc 1d¢ nhan oxi hod manh (Ce™, Ag™, Cr,O, 7,

S.0.7, MO, HCIO..). hoac vdi cac tde nhan oxi hod yéu hon (O, BrOy) khi dun nong. Trong
dung dich axit clohydric no bi khir cham bai 1on CI.

Hydroxit tuong itng cua neptuni (VI), NpO,(Of),, cting giong nhu hydroxit cia urani
(V. 1a mot hop chat ludng tinh. No 140 thanh hat loat musi: neptunyl (thé hien tinh bazo) va
neptunat hodc polyneptunat (thé hién tinh axit). Nhidu mu6i chita ion neptunyl dé tan nhu cdc
clorua, clorat, nitrat va sunfat neptunyl; mudi kép natri-neptuni triaxetat, NaNpO,(CH.COO) ., ¢6

o tan nho hon. Mudi amonidineptunat it tan.

lon neptuni (VII), NpO,™, thu duge bang cdch oxi hod neptuni (V1) véi cac Lic nhan oxi
hod manh (ozon, K,8,0,, hypoclerit...) chi trong moi trudmg kiém.
12.1.4. Di¢u ché neptuni
Mot khéi luong ¢ thé can do duge cla neptuni 237 hinh thinh trong [ phin g do
phin tng hat nhan:
Rt LX 5 2
SUtn, 20U —L e 2Np (12.3)

Luong *'Np bing 0.1% lugng plutoni 239 sinh ra trong 16 phan (mg. Ngoai ra. trong cic

1o phan tmg véi théng lugng notron ldn con ¢6 sy tich w neptuni 237 do phan mg:
1315 x 1317 Il- T
UM, Y UMy U —* 2T Np (12.4).

Khong chi ¢ cdc phdn dng (12.3) vi {(12.4), sir bin phd urani bing chim notron con

sinh ra ca *“Np:

4 LRU) I,’ 2y -
Uny) U — *Np (12.5).
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Khi chi¢u xa théi gian ngan, lugng *“Np hinh thanh it, nhung lvgng * “Np thu dugc khi

chidu xa 1 g urani trong 24 h véi thong luong notron 10" notron/{em®.s) di viio khoang 0.1 curi.

Cé the diing ¢dc phan ting oxi hod khir chuyén urani, neptuni, plutont vé cac trang thii
hod tri khdc nhau, & d6 ching dé ding tich khoi nhau va khoi ¢ic san phim phian hach khic nha

ket tinh phan doan, chigt v trao doi ion,

12.1.4.1. Phuwong phdp két tinh phan doan

Su tich neptuni khoi urani chi€u xa ¢é (hé thye hieén biing cich cong k&t neptuni { V1) véi
natri-uranyltriaxetat. holc cong k&l neptuni (1V} \'c’:gi lantan florua, véi ziricont photphat, véi
1.

phenylasonat hoac véi mudi sunfat kép kali-lantan.

Plurong phdp axetat-sunfat bao gébm cde cdng doan oxi hod neptuni dén s6 oxi hod (V1)
bang permanganat. tich khoi cdc san pham phan hach bang cong k&t véi natri-uranyltriaxetal,
khtr vé neptuni (1V) rdi cong két véi K La(SO,), biang cdch bio hoa dung dich véi fantan nitrat v
kali sunfat,

Plucong phdp  florua, urani di chi¢u xa duge hoa tan trong axit nitric, khir dung dich
bing SO. dé chuyén neptuni va plutoni vé Np (IV) va Pu (II1), urani nam lai & trang thii hod tri
(VI}, ro1 cong k€t neptuni va plutoni v6i chal mang lantan florua. Keét tia florua, con chia mat
luong ding ké cdc san pham phan hach cua urani, duoe xir 1y bing kiém dac, hoi tan cic
hydroxit bang axit sunfuric. oxi hod neptuni thanh Np (V1) va tich né khoi lantan va plutont

bang cdch két ma florua.

Trong phuong phdp ziriconi photphat, plutoni dugc khir bang hydrazin xuéng hod trj
(D), 61 ngudi ta dua ziriconi vao dung dich d€ cong két nepluni véi ziriconi photphat, con
plutoni ndm lai trong dung dich.

12.1.4.2. Cdc phuong phip chiét

Neptuni (V) duge chi€t cling véi urani bang c¢dc tdc nhan TBP, TTA, metyl izobuty!
xeton, dietyl ete, dibutylhydroxitetraetylenglycol. Ba tic nhan ddu cling chiét duge ca neptuni
(IV). Neptuni (1V) thuong duge chiét bang amin. T dung dich HNO, 0,2M, khi ¢6 mat
Ca(NO;},, neptuni (IV) duge chiét bai dietyl ete. Cdc chit tao phie nhu F, SO, PO," anh
huong dén su chiét. Neptuni (V) ¢6 thé chiét duge bing 1-nitrozo-2-naphtol vi TTA.

D¢ tich neptuni, plutoni khéi cdc dit hiém, neptuni va pluteni duge oxi hoi bang dung
dich KBrO, nong thanh neptuni (V1) vi plutoni {VI) rdi chiét véi metylizobutyl xeton, khi ¢6
mat cdc chat mudi ket canxi hoac nhom nitrat. Sau khi giai chiét bing dung dich natri nitrit,

neptuni va pluton duge ket tia hydroxit, roi hoa tan lai trong axit. Sau khi khit plutoni xudng
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hod tri (I1I) bang ferosunfamat, neptuni dugc tich khoi plutoni nhdf chiél véi metylizobutyl xeton

c6 chua tributylamin. D€ tinh ch¢ neptuni, ngudi ta 1ap lai nhiéu lin cic cong doan trén.

Cing ¢ thé tich neptuni va plutoni bing cich khir plutoni vé hoa tri (1) véi
hydroxylamin trong dung dich axit clohydric, réi chi€t neptuni bang TTA trong toluen. Su gidi
chiét tién hinh vai HNO, 10M.

12.1.4.3. Cdc phuong phdp trao doi ion

Neptuni (1V) va plutoni (III) trong dung dich axit clohydric ciing ¢ thé tdch khoéi nhau
bang sac ky trén ahua trao dot anion, Vi plutoni (I1I) khong bi hap phu trén nhya trao déi anion.
Sukhtr plutoni vé hod urj (111} ¢6 thé tién hanh trong dung dich axit clohydric hoac truc tiép trén
cot nhd ion I'. Neptuni duge rifa ra khoi cot biang axit clohydric.

Sac ky trén nhya trao doi anion ciing cho phép tich neptuni {(IV) khoi thori v urani, vi
thori khéng bi hip phu trén nhya trao d6i anion, con urani chi bj hip phu khi axit clohydric rat
dam dic.

Khi urani da bi chicu xa trong 10 duge hoa tan trong axit nitric, cac ion cua U (VI),
Np (VI}, Np (IV) va Pu (IV) di vao dung dich. Cho dung dich niy di qua cot trae déi cation, trén
cot Np (VI) bi khir thinh Np (V), ion nay (NpO,’) duoc rita ra khoi cot bing axit nitric cling véi
nhiéu san pham phian hach khic (Ru, Te. 1...). Cic ion UO,” va Pu™ lién kél chiit ché hon vdi
nhua trao doi cation. Neptuni duoe tdch khoi cdc sin phim phan hach bang phuong phap chiét.
12.1.4.4. Phutong phdp dua vao su bay hoi cde hop chdt

Neptuni va plutoni ¢6 thé tich khoi nhau bing cich clo hod & 650°C véi tic nhan CCL.,
khi dy NpCl, hod hoi con plutoni clorua & fai trong pha rin.

12.1.5. Xac dinh neptuni

Mot luong can duge cua neptuni & trang thdi hod i (V) va (V]) duge xdc dinh bang
phuong phdp tric quang v6i thude thit thuge nhém asenazo. Mot lugng nho ““Np duge xdc dinh
bing cdch do hoat d6 «.

12.2. PLUTONI

12.2.1. Su phat minh, cic dong vi va trang thdi tw nhién cta plutoni

Suu khi E. McMillan va P. Abelson phét hi¢én duoc dong vi *“Np, mot nguén phit § vio
nam 1940, rd rang 1a san pham phan ra B cla déng vi nay phai la nguyén t6 co nguyén tir s& 94.
Tuy nhién, vi thoi gian bdn huy cla *“Np qud dai, rhimg ¢d ging d4u tién nhim nhan dang
nguyén to nay da that bai. Ngay sau do, ciing vao nam 1940, G. Seaborg, E. McMillan, J.
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Kennedy va A. Wahl di diéu ché€ digec mot lugng ddng ké dong vi c6 s& khéi 238 cla nguyen 16
cé $0 that tu 94 bang cach ban phd urani bing chim doteri trong may xyclotron 60 inch &
Beckeley theo phan (mg:
21 23 B 2 p
o U, 20}, "Np ——= ,,""Pu -
2. Ingay $2nam
Vinguyén (6 nay dimg ngay sau neptuni trong bang hé thong tuin hoan, né duge dar tén
la plutoni (k¥ hiéu hod hoc 12 Pu), theo tén cua hanh tinh Pluto, mét hanh tinh lién vé&i hanh tinh

Neptune trong hé Mat Trai.

Nam 1941, cing chinh céc nha khoa hoc néi rén da t6ng hop *“Np trong mdy xyclotron
vix phan 1ap duoc tir bia bj bin phd déng vi *"Pu, mot ddng vi con ctia *Np. Ngudi 1a cling thay
rang *“Pu ¢6 kha ning khdi diu mot phan ing phan hach day chuyén, vi thé né cing 1a mot
nguon nang lugng hat nhan. Diéu dé lam cho plutoni nhanh chéng trd thinh nguyén 3 phong xa
nhén tao quan trong nhét cua bang hé théng tuan hoan, va cédc tinh chat hod hoc cia plutoni duge

nghién ciru k¥ Iudng hon nhiéu so véi cic nguyén 16 ma nhin loai da biét tir lau.

Ngay nay ngudi ta tong hop duge 18 déng vi cta plutoni, trong d6 déng vi 2"Pu duge
diéu ché vdi s lugng 16n trong 16 phan ing hat nhan theo phan ting:

238 23 i3 2 v f 239 B
U Il. Yy LJ —_— . N ——P' [ Pu—"—_-*
i (Yo 23min P 23npay " 24G00nam

Cic dong vi ¢6 s6 khéi thap hon 239 hinh thanh khi vrani bj chi€u xa trong xyclotron
hoac do sy phan ril ctia cdc nguyén t6 nang hon. Nhitng déng vi nang hon **Pu duge diéu ché tir
*“Pu khi hat nhan ciia déng vi nay bt thém maot 6 notron trong cdc 1o phin tng ¢6 mat do

NAIron Cao,
2_wpu(n‘ Y) z4npu(n‘ Y) #py,

Cdc dong vi nay déu cd ung dung trong thuc tién. Dong vi *'Pu ¢6 khi nang tu phan
hach v6i thoi gian bdn huy 10" ndm. Péng vi **'Pu ciing c6 thé tur phan hach trong dong notron
nhi¢t. Nhung do tiét dign bit notron nhiét dé chuyén thanh **'Pu 16n, né khong thé hi¢n khuynh
huéng phan hach day chuyén. Cdc déng vi ¢6 thdi gian séng dai nhu *?Pu (7,, = 3.8.10° nam),
*Pu (1,, = 7.6.10” nam) ¢6 hoat d6 phéng xa thap, vi the thuomg ding dé nghién citu cdc tinh
chat hod hoc clia plutoni 3 nbng do twong déi cao. Déng vi **Pu duge diéu ché bang sy bat K
cla ¥ Am.

Dong vi *Pu c6 thé hinh thanh trong tu nhién trong quing urani do phan (ing ca céc

" Hat nhan bat mot electron thuoc lop K. khi 4y dién tich hat nhan gidm mot don vi.

189



notron xuét hién trong tu nhién véi urani 238. Cdc notron nay xuat hién do su tur phan hach cia
urani, hodc do cdc hat o ma urani 238 phdt ra tdc dung vé6i cde hal nhan khdc ¢6 trong quang
urani. Cac phép phan tich cho thdy riang trong quing vrani plutoni cé ham lugng 0.4 dén 15.10™"

s0 vGi urani. D6 la ham lugng vét trong ty nhién cua dong vi séng dai *+Pu.
12.2.2. Tinh chat Iy hoc ciia plutoni

Vé be ngoai cla plutoni khd gidng urani va neptuni, nhimg ¢6 ap sudl hoi bao hoa 1dn
hon nhiéu, ¢ 1540"C g&p 300 lan dp sudt hoi bao hoa cla urani. Vi thé plutoni ¢6 thé tich khoi

urani néng chay bing cich chumg cat. Diém $6i cla plutoni 1a 3785°C. N6 ¢6 nhiéu dang thu

hinh v&i cdc tinh chat 1Y hoc duge ghi trong bang 12.1,

Bang 12.1. Cdc dang thi hinh cla plutoni v mot 6 tinh chat 1y hoc clia chiing.

o bén 119 don ta 6.1835 | 48244 10973 | 19.816(25°C
B 119-204 chua biét - - A 17.770150°C
Y 204-311 tryc thoi 3.1603 | 57624 10.141  j 17.19210°C
5 311-458 lap phuong 46370 | - 15.920320°C |
| 458-480 tir_dicn 3.327 : Caamy | 15.990465°C
> 480-638 lap phuang 3.638 - ; 16.48(‘500‘@

12.2.3. Cau tao dién tir va tinh chat hoa hoc cua plutoni

Cau 1o cic 16p electron bén ngoai ciia plutoni ¢o thé bicu dién bing so do 5/°65°6p° 74
hoac c6 thé 14 5£'6x°6p"6d"7s” . Vi ciu hinh eleciron nhu vay, n6 ¢6 (hé tao thanh cdc hop chat
Vi céc 8O oxi hod tlr +2 dén +7,

Giong nhur urani vit neptuni, plutoni 2 mot kim loai hoat dong hod hoe, bi oxi hod trong
khong khi dé dang hon urani. O dang bdt min né tu bec chay o 300°C khong cin khoi mao tir
bén ngoii.

Plutoni phan tng véi halogen hoac halogenua hydro tac thanh cdc halogenua cia
plutoni, v6i hydro tao thanh hydrua, véi cacbon tao thanh cacbua, véi nite & 250'C o thanh
nitrua. Plutoni ciing phan (mg véi amoniac tao thanh nitrua, khe €O, dén CO hoac C va dang
thét tuo thinh cacbua.

Plutoni tgo thanh cde hop chit giita céc kim foai v6i nhiéu kim loai nhu bac, berili, thuy
ngan, nhom, indi, thigc, chi, thori, dong, ziriconi, bitmut, mangan. sat coban, niken, osmi...
Nhitng hop chit nay gidng vdi cdc hop chat tuong tng cla urani.
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Plutoni phan tng dé dang vdi axit clohydric, axit photphoric 85%, axit cloroaxetic dam
dac. Axit sunfuric loang heoa tan plutoni cham, con axit sunfuric dac va axit nitric thu dong hod
L4
plutont 1am né khong bi hoa tan. Plutoni kim loai khong phin ing véi Kiém.
12.2.4. Cac hoyp chit cua plutoni

12.2.4.1. Cdc oxit cuia plutoni

Plutoni tao thanh cic oxit PuQ, Pu,O,, PuG, va mot pha ¢6 thanh phén thay d6i tr Pu,O,
dén Pu,0,.

Plutoni monooxit, PuO, khong diéu ¢hé duge & dang nguyén chat. N6 duoc tao thanh
khi khur cic florua cha plutoni trong khong khi bang hoi bari & 1250°'C, hoac hinh thanh & dang
phim mong trén hé mat, khi plutoni kim loai bi oxi hod trong khong khi. 1.é6p monooxit méng
nay c¢é tic dung bdao vé khong cho kim loai bi an mon sau hon. Trong khong khi 4m lai hinh
thanh ming PuO, khong dic khit trén bé mat kim loai.

Pluteni dioxit hinh thanh khi nhiét phan trong khong khi bit ky hgp chét chita oxi nao
cua plutoni, plutoni (IV) hydroxit, plutoni (IV) hoiic plutoni {IV) nitrat, plutoni (1Y) sunfat... Khi
nhiét phan dioxit trong chan khong thu duge Pu,O, vi ca pha c6 thanh phan thay déi tir Pu,O,
dén Pu,O,. Plutoni dioxit diéu ché & nhiét do thap hoa tan dé dang trong axit sunfuric dac va axit
nitric. Khi dugc diéu ché bang cdch nhiét phan & nhiét do cao nd ré nén tro, khé hoa tan hon.
D¢ hod tan loai oxit nay cén sit dung axit nitric dam dac véi su ¢ mit axit flohydric, hodc phai
dun chay voi kiém.

Céc hop chat hod tr1 (VI} cua plutoni kém bén hon so véi cic hop chat cing hoa tri clia
urani. Ngay nay oxit hod trt (VI) cta plutoni van chua diéu ché duoc.

Plutoni cling két wia peroxit khi dung dich mudi plutoni tdc dung véi dung dich 10%
hydroperoxit.

12.2.4.2. Cdc halogenua
Plutoni tao thanh cdc halogenua sau day:
PuF,, PuF, - PuF;
PuCl ;;
PuBr,;
Pul,.

Cic halogenua cta plutoni hod tri cao it bén hon cdc hgp chat tuong ng cia neptuni,
Plutoni pentaflorua khong diéu ché duoc, codn tetraclorua khong bén ngay & nhiét do phong.
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Cac florua

Plutoni niflorua khan, PuF,, tao thanh khi flo hod plutoni dioxit biang HF trong moi
truong khir theo phuong trinh phan tng:

600°C
PuO, + 3HF + 1/2H, —— PuF, + 2H,0

Plutoni tetraflorua khan, PuF,, hinh thanh khi {lo hod trong méi truong oxi ho:

600°'C
PuQO, +4HF + — PuF, +21L0

O cdc nhiét dd cho 61 150°C, phin tng cua PuO, vdi HF tao ra Pu(OH)F, hoic
PufOH),F, 16i & nhiét do cao hon cdc hop chat nay chuyén hod thanh PuF, trong moi trutmg khur

hodc PuF, trong moi trudng oxi hod. PuF,, PuF, va cdc hydrat cla chiing déu khé tan trong nudc.

Axit flohydric tic dung v6i dung dich mudi ciia plutoni (I11) hoac plutoni (IV) tao thanh
két tha cde florua ngam nude PuF,.6H,0, PuF,.3H,0, Pul.11,0, PuF,2,5H,0, Pul,.2H,0, va
PuF,.H,0. Triflorua monohydrat clia piutoni bi mat nude & 200 - 300°C tao thanh musi khan,

nhung cdc hydral cia tetraflorua bj phan huy khi dun néng, tao thanh triflorua:
PuF,2H,C = PuQ, + 4HF
3PuF, + PuO, = 4Pul,+ O,

Puk, bi thuy phan & nhiét do cao trong hoi mrde tao thanh PuO,:
460°C
PuF, + 2H,0 —= Pu0, + 411F-.
PuF,ciing bi thuy phan & nhiét do cao trong hot nudce, khi c6 mat oxi tao thanh PuQ,:

300°C
4PuF, + O, + 6H,0 — 4Pu0, + 1211F

Khi d6t néng dén 600°C triflorua chuyén hod thanh tetraflorua:

600"C
4PuF, + O, —* 3PuF, + PuO,.

Plutoni hexaflorua, PuF,, cé diém s6i 62.3°C va diém ba 50.8'C, dé bay hot hon UF,, la
hop chit bén, tuy con kém bén hon Npl,. Tai diém néng chay, 50,75'C, &p sudt hoi clia né 511
mmHg.

Plutoni hexaflorua duge diéu ché bing phan img ciia flo véi plutoni tetraflorua, triflorua
hoac dioxit & 750"C, nhiét do cao hon nhiét do céin thiét d¢ dicu ché UT,. Bé tranh su phan huy
nhiét cua UFg, tao thanh sau phan img flo hod, hgp chét nay dugc tach khoi khu vie phin img v
tam lanh d€ ngung tu. Khic véi UF, va Npk, plutoni hexaflorua phan huy tao ra PuF, va F, ma
khong qua mot san pham trung gian no khdc. Plutoni hexaflorua rin bi phan huy do chinh sy

chifu xa o cha n6 d€ tao thanh cdc florua cé s6 oxi hod thip hon. Plutoni hexaflorua 1a mor tic
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nhan flo hod manh hon UL, ngay BrFF, ciing bi né chuyén hoi thianh BrF..
Plutoni hexaflorua bi thuy phéan tao thinh PuQ,F,.
Ciac clorua

Cic e nhan clo hod nhu CCL,, PCli, SnCl, tic dyng véi plutoni dioxit & nhiét do cae
(400 - 700°C} tao thinh PuCl, khan, mot hop chat dé hod hoi, bi thang hoa ngay & nhiét do
phong. Plutoni triclorua khan ciing tao thinh khi khi clorua hydro phin dng vé plutom (111}
oxalat hodc vai plutoni (IT1) hydrua o 400'C, khi clo phan ting véi plutoni kim loai, hoac khi lam

bay hoi dung dich plutoni triclorua réi lam kho tiép tuc trong dong khi HCL
Plutoni triclorua bi thuy phan tao thinh PuQCL

Khi két tinh tir dung dich (trong mai trudng axit HCI), plutoni triclorua hydrat hod chifa

1, 3 hoac 6 phan tir nudc.

Plutoni tribromua va plutoni triiodua ciing diéu ché€ bing cdc phuong phdp gidng nhu
pluteni trictorua:
300'C
2Pu + 3Br, ™ 2Pubir,
450°C
2Pu + 611 — 2Pul, + 3H,
Phan itng cia hydro iodua véi plutoni dioxit hoic vai PutOl), trong mai trusng khir din
dén su tao thanh PuOLL

Ciic hgp chit PuCl,, PuBr; va Pul, déu dé hoi tan trong nude.

Plutoni tetraclorua, letrabromua v tetraiodua khong dicu ché duge, vi ching khong bén
ngay d nhiét do phong.

Mot s8 mudi halogenua kép ciing duoe nghién citu, chang han Cs,PuCl,.
12.2.4.3. Hop chdt v6i cdc phi kim khdc

Cac hydrua

Plutoni phan ttng véi hydro ¢ 150 - 200'C (a0 thanh mot hon hop dong thé cua PuH, va
Pull;, ma thinh phin 1y lugng trung binh higu dién bing cong thac PuH, . Sy bi¢n thién thanh
phan tir Puld, dén Pull,, la lién tue. Pull; kém bén hon Pull,. Cac hgp chat tuong tng cia dotert
thi khang bén. Plutom hydrua, Puil, 5, bén trong khong khi, tic dung cham véi nude va axit, b
bién doi thanh nitrua dudi tic dung clia nitg ¢ 230"C, thanh cacbua khi nung néng dén 800°C

trong CO,. phan (g véi cdc halogen tao thanh cic halogenua hod 1 thap.
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Cic cacbua

Plutoni Lio ra hai cacbua ¢6 cong thic: PuC va Pu,C,.

Cic silicua

Phin tng & nhiét do cao cla plutoni triflorua véi silic don chat 140 ra hiing loat hgp chat
silicua: PuS1, PuSi;, Pu,Si,. Plutonj disilicua. PuSi,, ciing duoc diéu ché bang phin ing cia
pluton triclorua véi silixua canxi o 1550°C.

Cic nitrua, photphua va asenua

Khi dun néng, nito phan tng cham véi plutoni kim loai, nhanh hon véi plutoni cacbua
tao thanh nitrua c6 cong thic PuN. Hop chit ndy ciing thu duge khi amoniac tic dung véi
plutoni kim loaj & 800"C. véi pluteni hydrua hoic plutoni triclorua & 600 va 905'C. Plutoni
nitrua hol tan dé dang trong uxit clohydric vit sunfuric tao thanh mu&i cta plutont (1) va muéi
amoni, bi thuy phén trong nudc ndng vi ca do tic dung cua khong khi am néng.

Nguti ta cling diéu ch€ duge plutoni photphua, PuP, vi plutoni asenua, PuAs.

Cic sunfua

Cic sunfua cua plutoni khong diéu ch€ dige bang cich két tha trong dung dich véi
hydro sunfua. Phan ing cua khi H,S véi plutoni dioxit, wy theo nhiet do, ¢é thé tao thanh Pu,S,
hoac mot pha déng thé ¢6 thanh phan thay déi tir Pu,S, dén Pu,S,. O 1340"C phan tng tao thanh
Pu,S;. Hop chat nay ciing hinh thanh khi plutont triclorua phan tmg véi H,S & 900"C.

Khi khir plutoni triclorua bang hoi bari trong ndi bari sunfua ¢é thé thu duge PuS.

12.2.5. Plutoni trong dung dung dich

Trong cdc dung dich nude, plutoni tén tai & dang cdce ion sau day: Pu®, Pu**, PuQ,*,
PuO,™, PuO;", tuong g véi cdc $6 oxi hod +3, +4, +5, +6 vi +7. Hi¢n wong la thuong cho dén
nay chua timg duoc biét dén trong hod hoc Ja, ngoai trir jon PuQ,", td1 ca cdc ion khic déu déng
thisi 16n tai can bang vadi nhau trong dung dich. Giéng nhu cic ion cla urani, cdc ion clia plutoni
bi thiy phan trong dung dich viu tao phue,

12.2.5.1 Ion plutoni (I1T)

Ton Pu™thu duge khi hod tan pluteni triclorua trong nude, Khi khir plutoni {IV) 1rong
dung dich vdi hydroquinon, HI, hydrazin, hoac khir Pu (V1) & 90 - 95'C trong dung dich 5 - 7%
HNO, bang SO,, hydroxylamin, kém kim loai, Sn**, Ti**, v .

Dung dich ctia Pu™ bi oxi hod cham bdi oxi ngay & cdc nhiét dd cao, nhung nhanh han
trong mai trudng axit. Sy oxi hod Pu™ thanh Pu™ cé thé tién hanh véi H,0, & pH =3, vé1 BrO;
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1rong moi rudng axit, véi MnQ, & nhiét do phong, vdi Ce'' hoac Cr,0," rong moi trudng axit

clohydric.

Khi tdc nhian oxi hod 1a clo trong mdi truong HCI 0,5N, hoac Ce®' hay Cr,O;" trong méi
trirong axit percloric, Pu™ bi oxi hod thanh plutoni hod tri (VI). Dudi tdc dyng bie xa ciia chinh

minh, plutoni hod tri (ill) bi oxi hod moét cich dang ké thanh hod tr1 (IV).
Pu* ¢ kha nang thuy phan manh hon Np™ va U™
Pu” + 21,0 == Pu(OH)"' + H,0'

Tuong tng v6i ban kinh cila cdc ion, hang s& thuy phan cia Pu®™, theo phan img trén.
nam giifa cc gid tri wong tmg cia Ce™ va Pr™*. Phan ting cia cdc kiém vdi dung cich Pu™ lam
két tha bazo Pu(OI1},.xH,0.

Phédn tmg cla dung dich Pu'™ v6i cac tac nhan chita cdc anion tuong tng cho kél tua cic
mudéi it tan: Pu(l10y).. PuPO,.0,5H,0, Pu,{C,0,},.9H,0, Pul[Fe(CN)].911.0.

Plutoni sunfat, Pu.(S0O,).7H,0. va cic mudi sunfat kép cd cong thic chung
Me'Pu(SO, 3, xH.O (1 = 5 khi Me! 13 Kali, # = 4 d6i v6i i, nated, cesi. rubidi viv amoni) hode
Me'sPu(SO,), (Me' 1a kali hodc tali) déu 1tan mot phin trong nudce. Axit flohydric L k& tha tir
dung dich Pu™ mudi (lorua ngam nudse, con khi cé mat mudi cua kim loai kiém lai tao thanh cic

muéi kép tan mot it (chang han NaPuF,).

[2.2.5.2. Ton plutoni (IV)

Ton Pu* bén trong dung dich va trong khong khi nhung luon nam trong can biang ciia

phan tng chuyén hod thanh Pu'™ va PuQ),’':
3putt + 2H,O == 2Pu™ + PuQ,” + 4H*
Tac do v hing s6 can bang cua phan (ng nay déu tang manh khi (ang nhiét do.

Trong dung dich axit clohydric va axit percloric, toc do phan @ng wr oxi hod khir cua
Pu** ty l¢ thuan vdi tu§ thira bic 2 cla néng do Pu™ ([Pu™]y va 1y 1€ nghich vai [H']' Trong

dung dich axit clohydric phan ung dién ra theo cdc so do sau day:
Pu** +Pu™ + 2H,0 == Pu™+ PuQ,' +4I' (cham)
Pu" + PuO,t = Pu™ + Pu,” (nhanh)

Trong phan ing thu nhat. phan tmg cham, ¢é sy tao thanh lién két kim loai - oxi, con

trong phéan tiag thit hai, phdn tng nhanh, chi ¢6 sir trao doi electron.

Trong axit percloric phan g tr oxi hod - khir ¢6 thé dién ra theo so do sau:
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Pu™ + H,O = Pu(OH)*+ H"
Pu(OH" + H, 0 = Pu(Ot),* + H*
Ti€p theo la phin tng cham quyét dinh t6¢ do clia 10an bd qui trinh:
Pu(OID™ +Pu(OH)™ == Pu™+ Pu0," + H* + H,0
Cudi cling: ,
Pu* + PuO," = Pu™ + PuQ,”

Trong dung dich axit clohydric va axit percloric ¢6 noéng do 16n hon |M khong hinh
thanh plutoni (V).

fon Pu™ ¢6 thé diéu ché biing cich oxi hod Pu™, hoic khir plutoni @ cic trang thai ho
trl cao v&1 hydroxylamin, axit nitordg, thuy ngan (I, st (11), SO, trong 1INQO, 5%, hoac véi cic

axit iothydric, foocmic va oxalic.

Ion Pu™ thuy phan manh, manh hon nhi¢u so véi Pu™, vi bin kinh nho hon va dién tich
Ién hon, nhung yéu hon Zr*, Hf" va xdp xi Ce*. Kha nang thuy phan ion hod tri (IV}) clia mot

sO nguyén 15 phéng xa quen thuge thay déi theo thit te sau day:
Pu' > Np™ > U" > Th*
Trong cdc dung dich c6 pH > 1, sy thuy phan dién ra theo phuong trinh sau:
Pu* + H,O0 = Pu(OH)" + I

Trong nudc ning bén thuy phan hon trong nudc thudng. Su thuy phan cla Py khong
dimg lai & Pu(OH)™, ma con 1€p dién véi sy tao thanh cic 1iéu phan keo cé kich thude 16n va
cudi cing dan dén sur tao thanh két tha Pu(OH),. Su két tua hydroxit dién ra ngay ¢ pH = 2. Cic
trang thdi chuyén tiép giita Pu(OH).* vt Pu(OH), chia cic polyme cé cdc ciu néi oxi va
hydroxyl, nhung khdc véi thori, cdc phin tng trong trudng hop plutoni 1a khong thuan nghich.
Cac polyme tao thanh keo va bi hdp phu manh weén thuy tinh, silic dioxit va giay. Qud trinh phan
gidi polyme thanh monome trong axit dién ra véi t6¢c do cham tac thanh ion Pu™ bi bydrat hoa .

Trong moi trudmg axit, ion Pu™ tic dung véi cdc tdc nhan tuong (g tao thanh két tia
cua cdc mudt ¢6 d¢ tan nho sau day: Pu(lO,), Pu(C,0,),.6H,0, BiPuH(C,0,),.9H,0,
Pu(HPO,),.xH,0. vit PuF,.nH,0. Hydroxit cta plutoni {IV) 12 mot bazo, két tha khi Pu™ tic
dung v6i kiém ¢ dang Pu(OH),.x11,0. Hydroperoxit tic dung véi Pu** trong mai trudng axit tao
thanh két tua plutoni peroxit, PuO,.xH,0.

Pu(50,),.4H,0, Pu(NO;),.8H,0 va Pu(NO,),.12H,0 la nhitng mudi dé tan cia plutoni
(IV). Ten Pu™ con tao thinh mot s mudi sunfat kép it bén cé cong thic chung
Me',Pu(SO,),.nH,0 (Me' = K, Rb, NH,; # = 1,2), hoic KPu(S0,),.(2-4)11,0. Nhifng muéi kép
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nay chi ton tai khi ¢ mat du thira mudi cla kim loai kiém tuong tng. Trong cic dung dich dac
cua muoi nitrat kim loai kiém, Pu™ ciing tao thanh cdc mudi nitrat kép c6 cong thire chung
Me',Pu(NO.). ma khi ndng d¢ axit nitric lén 18i 3M chuyén thanh dang H,Pu(NG,)..

12.2.53. fon plutoni (V)
Ton plutoni (V). PuQ,", thudng goi la ion plutonoyl, ¢d thé thu dugc trong dung dich khi
khtr plutoni (VI) bang natri iodua hoac SO, & pH = 2, hoac bing phuong phép dién hod. Dung

dich natri nitrc trong moi rudmg 209 urany] nitrat va HNO, 0.2M ciing khit duge plutoni (V1)
vé PuO,".

Su khit PuO," thimh Pu™ duge tién hanh vdi hydroxylamin hydroclorua hic bing axit

nitoro.

lon PuQ," bén hon UO," nhung kém bén hon NpO,'. trong moi trudng axit nhe nd

bién doi theo cdc phin tng sau day:

PuO,” + Pu0," + 4H" = Pu™ + Pu0,” + 21O {(cham)}

Pu' + PuQ;" = Pu"+ Pu0,** (nhanh)
Pu™ + PuQ,' +4H' = 2Pu™ + 2H,0 {cham)

Tat ca 4 dang ion ctia plutoni nim & trang thdi can bang chuyén hod [in nhau. Can bing
nity phy thuée manh vao do axit etia dung dich. Chang han. néng do UQ," trong dung dich axit
HCIO, IM T 5%, nhung trong dung dich axit HCIO, 0.0IM [én t6i 60%. Téc dé cua cic phan
fng tu bién doi néi trén trong dung dich axit clohydric va axit nitric 1a cham, nhing duoc gla 1oe
ddng k¢ béi cdc axit phitc,

lon PuQ)," tao ra mot s6 mudi kép khong ran: KPuO,CO, (kali plutonoyl cacbonat) vi

NH,PuO,CO, {amoni plutonoyl cacbonat}.

Ton Pu(}," bi thuy phan nhe, & pH = 3,6 hydroxit ludng tinh PuO,(OH), két ma. Khi tic
dung véi kiém hoac amoni, dang axit cfia hydroxit niy tao thinh mudi ¢6 cong thifc chung
Me',Pu,O; (plutonit), & dé Me = NH,, Na.

12.2.5.4. Ton plutoni (VI)

lon plutoni (VI), PuO,™, thudng goi la ion plutonyl. ¢d thé thu duge bing cdch oxi hod
manh Liét plutont ¢ cdc trang thii hod tri thip hon véi cde tic nhan axit nitric néng, dung dich
kali dicromat  hoac permanganal ndng, axit percloric dac néng, amoni persunfat, Ce**, H,1Q,,
NaBiQ; va cic chat oxi hod manh khic.

lon plutoni (V1) bén trong dung dich nudc, nhung cling tham gia cdc chuyén hod can
bing sang cdc dang ion khic nhir da mo ta J trén.
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Trong dung dich axit percloric. plutoni (VD) tr khit do tdic dong cic bilic xa cua chinh
minh.

(3 pH = 5 su thuy phan ion plutonyl bit diu vi 161 pH = 6.9 s& hinh thanh plutonyl
hydroxit ludng tinh, PuO,(OH),. Khi thay déi pil. trong dung dich hinh thanh nhiéu dang ion
thuy phan va ion phitc ¢é thanh phin va ndéng do khic nhau duge mo ta rén hinh 12.1. Vi
plutony] hydroxit judng tinh nd phan vng vdi cic axit tao thanh cic mudi plutonyl. véi Kiém tao
thianh cdc muoi plutonat va pelyplutonat,

Plutonyl] nitrin (PuChi{NQO,),), plutonyl clorua, (PuQ.CL}, plutonyl perclorat (PuQ,(ClO,),)
la cac muét Ltun 16t trong nudce. Plutonyl tlorua (PuO,F,;), natri plutonyl axetat {NaPuO,(CIT.CO,),),
plutony] iodat (PuQO.{I04),} 1a cdc muéi khé tan. Cic mudi néi irén ¢6 thé diéu ché bing phan
ttng cnia cdc tic nhan thich hop véi dung dich chia ion plutonyl.

Phan tmng clla kiém hoac amoni véi dung dich plutoni (V1) tao thanh cic mugi plutonat
va polyplutonat: Na,Pu,O., {NH,}.Pu,0-, BaPu,O,.

(PUOJ(OHY,  PuO.(OI1,

PuQ>
: /,/ \\\. F
» 80 | o (PuO,)(OH);
$ J
§‘ 60 .. PuO,(OH)" Voo
5 o :
£ L
W40 it :_.
= a .
I[ II",I ] ! i Lo 5
200 Y AR TN
PN s ¢ PuO,(OIN),

3 4 5 6 7 8 9 pH
Hinh 12.1. Su bién thién ham ILf(_Jng cdc dang ion cta plutoni khi pH thay déi.
12.2.5.5, Ion p!utoni (Vi)
lon plutoni {VII), PuO.", tao thanh khi cho dung dich kiém cua ion plutoni (V1) tac
dung vdi cdc tdc nhan oxi hod rat manh nhu ozon, kali persunfat, bromat, clorat...). Ion nay it
bén ngay ca trong moi trudng kiem va bi khir bdi nude tao thanh plutoni (VI). PuQ," cé thé két

ta twr dung dich dudi dang cac mudi Ba,(PuO.),.nH,O v Sry(PuO;),.nH, 0. Khdc v6i neptuni
(VII), ngudi ta khong thiy cdc dang hydrat cla ion PuO.™.
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Beng 12.2. Cdc phan tng oxi 1104 - kKhir quan trong cua plutoni.

Phan Gng oxi hoa - khu

Tac nhan

Thanh phan

Nhiét do,

Pac diém

dung dich "C dimg hoc
_____ Pu (1I1-»Pu (IV) BrOy ) Axit lodng I phong rit nhanh
P rurerese= - 9818 V Ce® | 1SMHC phong rat nhanh
cL 05N HCL phong cham |
Cr.0," Axit lodng phb?]g rdat nhanh
[y Axit lodng phong rdt nhanh |
MnOy Axit lodng phong rdt nhanh )
O, 0.5M HCI 97 cham
Pu (IV}—Pu _(“Il[J Hydroquinon HN(_’)-, lodng phéng - nhanh
H.. Pt 0.5-43\1‘_1-1(‘| phong | nhanth
I 04N HCL phong "¢t nhanh
NH,OH - 0.5M TINO, phong nhanh
Zn C0SM phong nhanh
50, O.Sl\.inN('); phong ) rdt nhanh |
T Pu V) Pu VD NaBiO, SNLHNO. phong hanh
B0, INTINO, 85 nhanh
Cet 0.5M HNG, phibng nhanh
HCIO pH=4582 | 80 ubanh
H.[O, 0.22M HNG, _ phong nhanh
MnQ, 161 TING, 25 cham
N O, Co xic tic 0 cham
A [.1M HINO, 25 " nhanh
0, 0.05M 11CIO, 25 nhanh
Pu (V3-»Pu (IV) HNO, phong cham
NH,OH OSMHCI | phong cham
Pu(V1—Pu V) I pli=2 s twre thoi
50, pli=2 25 ~ hhanh
HCOOH HNO, Pot néng cham
COS | 0.02MH,CGO, 75 © cham
I- 3A HNO, - nhanh
Fe™ 1HCl phong nhanh
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12.2.5.6. Tom tdt vé cdc phdn ing oxi hod - khit ciia cdc ion plutoni

Dac diém néi bat trong cdc bién ddi oxi hod - khir clia cic ion plutoni 1a cic gid tri thé
ox1 hod - khir rdt gin nhau ctia quéd trinh chuyén hod W mot dang jon nity sang dang khdc. Vi
thé. su chuyén hod qua lai gilra cdc dang ion khde nhau ctia plutoni 13 khd dé dang. D6 ia nguyen
nhin cta sir dong ton tai can bang bon trang thii oxi hod khdc nhau cia plutoni trong dung dich.

Cidc phan tmg oxi hod - khir quan irong ciia plutoni duge tém 1at trong bang 12.2.

Can néi thém rang tai li¢u vé cdc phan (ng oxi hod - khir ctia plutoni khéng luon luon
nhat qudn, trong nhiéu trudmg hop con trdi nguge nhau. Nhimg bat déng dy thudng duoc giai
thich bang tinh phiic tap cla cic qué trinh t oxi hod - khit va sy déng t6n tai cin bing clia tat ca

cdc dang ion trong dung dich.
12.2.6. Su tao phiic caa plutoni

12.2.6.1. Phire cria Pu**

Ion Pu™ ¢6 kha nang tao phife vi bdn kinh nho va dién tich 16n cta né, nhung khuynh
huéng tao phite ctia né khong néi bat bang Pu’' v PuO,™. Sy tyo phite ciia Pu™ véi CI chi xay ra
trong dung dich HCI dac, va ciing chi ddn dén su hinh thanh ion phuic PuCl*. Kha ning tao phirc
cha cic anion giam dén theo thit ty sau: CO > C,0,7 > SO* > NO, > ClI > ClO%, wre I
gidm di khi tinh axit tang lén, tang lén khi di¢n tich anion tang. Hing s can bing mot $6 phan
ting tao phifc quan trong cta Pu'™ duge ghi trong bang 12.3.

Badnyg 12.3. Hang 6 can bang mot s6 phan tng tao phiic cia Pu™

Phin dng tao phic K Phan ang tae phiie K
Pu™+ CI = PuCl” 1.l | Pu™42C.0,7 = PuwC.0,}; 2,0.1¢°
Pu™ + NO, == PuNQO,™ 59 | Pu™+3C0" = PuC.0,) 4.5.10™
Pu™ + 2NO, == Pu(NO, },’ 143 | PU+4C.00 == PuG0,)," 4.2.10"
Pu™ + 3NO, == Pu(NO, ), 144 | Pu+4lIC.0, == Pu(HC.O, ), 6.3.10"
Pu™ + 80, == PusO,’ 10
Pu™+250,> == Pu(SO, ), 50 | Pu"+EDTA* == PuEDTA 1.0.107

12.2.6.2. Phitc ctia Pu™

Ion Pu* tao phic rdt manh. Trong cdc dung dich chita ion florua, sunfua va cacbonat,
dung dich axit photphoric, cdc dung dich HCt va HINO; ¢6 néng do tlr 6M 11 {én, né tén tai chi
y€u dudi dang cilc ion phifc tich dién am kiéu Pu(NO, )s, Pu(NO,),*. Trong dung dich axit nitric
¢ néng do thap hon 4,6M, phic nitrat ciia Pu** c6 cong thic Pu(NQ,)™.
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Ngay ¢ dung dich axit sunfuric lodng Pu® da (6n tai dudi dang PuSO,*'. con & cdc nong

d6 axit cao hon né chuvén thinh Pu(S0,),. Cic phic sunfat cua Pu™ ¢é céng thie chung

: 3 1)z p g 2
[Pu(SO, ),.H,O, ",

A-2n

Cic anion oxalat v octophotphat 1a0 thanh phic ¢6 thanh phan chung Pu(C,0,),"" va
Pu(HPO, ), " trong d6 n = 1,2, 3,4,5,

Kha ning tao phifc cla cdc anion hod tri I viv hod tri 11 vdi Pu™ giam déan theo thit tur sau
day: F > NO, > Cl0, va CO;” > SO > G0, > SO,

Ngudi ta ciing thu duge ¢ nhiing ion phic peroxit, ¢6 thanh phin bi€u dién bdi mot
trong cdc cong thic sau day:

[Pu-O-O-Pu(O1)}** hoac [HOPu-0O-O-PuOIN™.

Pu* ciing tao phic vdi nhiéu phdi tir hits co nhu  axetylaxeton, triflorcaxctylaxeton,
cupheron, 8-hydroxyquinolin {oxin), a-nitroso-B-naphton, TTA, TBP, complexon [ll, ascnazo,

cic axit xitric, axetic, oxalic, lactic, phenylasonic, metylbenzoic, antranilic va sucxinic ...

Hang 56 can bing clia cdc phan ting tao phifc quan trong clia Pu® dugce théng ke trong
bang 12.4.

Beng 12.4. Hing s6 can bang cla cdc phdn tmg tao phirc quan trong cha Pu**

Phan (g tac phiic Hang sd can bang K

Pu* + Cl- == PuCl3+ .38
Pu* + NO, == Pu(NO)" | 4.7
Pu(NO.}"* + NO;, = Pu(NO,),™ 0.96
Pu(NO,),™ + NO, == Pu(NO,},' 0.33
Pu'' + HF = PuF" + 1" 1.7.10°
Pu® + SO/ = PuSO,” 4.6.10"
Put + CO- == Pu(CO.)" 9.1.10"
Pu** + C,0,7 == Pu(C.0,)* 3.6.10"
Pu' +2C.0 = Pu(C,0,), 8.3.10""
Pu™ +3C.07 = PwC,0,)° 2.5.107
Put + 4C07 = Pu{C.O,)" 3.1077
Pu'* + EDTA" == PuEDTA 1.58.10%
Pu' + AcAc"=  Pu(AcAc)" 3.16.10"
PulAcAc)™ + AcAc== Pu(AcAc),” 1.58. 10"
PufAcAc). '+ AcAc == Pu{AcAc), 2.51.10%
Pu{AcAc),'+ AcAc = Pu{AcAc), 1.10°

*AcAc ky hiéu axetylaxeton.
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12.2.6.3. Phirc ctia Pu0O,* va Pu0,”

lon plutonoyl, PuO;". it kha nang tao phitc hon cdc ion khdc cia plutoni. Tuy thé né

cang tao thanh phite chat véi EDTA, vdi mot vai anion géc axit nhu oxalat vi cacbonat,

Ton plutonyl. PuQ,*, tao thanh phitc K,[PuQ,.CO.}.] lrong moi truong cachonat, cic
phitc Me'[PuO,F,], Me',(PuO,F,] vi Me',[(PuO,),F,J. N6 ciing tao phitc véi 8-hydroxyquinolin,

dietyldithiocacbamat va axit tactaric.

Hang $6 can bang cac phan g tao phiic clia PuO,’ vi PuO,’" duoc théng ke trong bang

12.5.
Bang 12.5. Hang s6 can bang cdc phan tng tao phitc ciia PuO.* vi PuQ.™

Phan dng tao phiic K
Pu0 +Cl = PuO.Cl 0.67
PuO,” + .0 == PuO.{C.0,y i
PuG.'+ 2C,07 == PuO«(C,0," 2.4.10°7
PuO.' + EDTA* == PuO,LDTA)" 1.5.10™
PuO,*+NO; — PuO,iNO,) 72
PuOyNO;)"+ NO;, = Pu0.(NO,), 36
PuO, "+ ClI —= PuO,CI’ 1.23
PuO,™ 1301 =  PuOLCh 035 |
PuQ.™ + EDTA” = DPuO.(EDTA} 1.75.10"

E PuO." + GO, =  PuOC0,) y4310"
PUOT T 20,07 = PuOACO" 300 |
PuO.” + CH;COO = PuO,(CH.,COOY 1.9.10°
PuO;"+ 2CH.CO0 = PuD,(CH.CO0), 2.10°
PuG. '+ 3CH,COO = PuO,(CH,COO), 23107
PuO.* +2C0¢ =~ PuG(CO.)," f.10"

12.2.7. Biéu ché plutoni

Bong vi **Pu hinh thanh trong 19 phin ng hat nhan diing nhién liéu urani, cing v6i
neptuni va mot lugng 16n cdc sian pham phan hach cua urani nhu cde déng vi cuia cic nguyén 1o
rutent, ziriconi, niobi, stronti, yiri, cesi, bari, krypton, va cdc lantanit. Myc tiéu can ban clia xi iy
nhién li¢u da chdy ca 16 phan g hat nhan 1a tich plutoni, thu héi urani diing d€ (di ché nhicn
ligu va tap trung cdc san pham phan hach, thudng 13 cac dong vi dai ngay, ¢6 hoat do phdng xa

cao, dé chon thai vinh vién. Sy tich plutoni khoi urani dua trén nguyén tic oxi hod urani ¥én hod
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tri (VI) va khit plutoni vé cac bic oxi hod thap hon d¢ tién hanh phan chia chung. Con plutoni lai
tdch khoi cdc san pham phan hach sau khi oxi hod 1én hod tri (VI). Cic phuong phip tach
plutoni s& duoc trinh bay chi tiét trong chuong 13, muc xit 1y nhién liéu hat nhan da chdy.
12.2.8. Xac dinh plutoni

D& dinh lugng plutoni ¢6 thé sir dung cic phuong phap do phong xa, chuan do. dien hod
vi triic quang. Trén ¢ s& pho hap thu dac trung cia timg dang ion plutoni (hinh 12.2.), phuong
phdp tric quang cho phép xdc dinh ion plutoni trong dung dich & cac trang thdi hod tri khdc

nhau.
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Hinh 12.2. Phé hdp thu cla cic ion plutoni hydrat hod.
12.2.9. Ung dung ciia plutoni

Déng vi 2“Pu duge dung 1am nhién liéu trong 16 phan img hat nhan, dé ché tao bom

nguyén tr va bom nhiét hach.



CHUGNG 13
CAC TINH CHAT CHUNG CUA CAC ACTINIT

13.1. DAl CUGNG VE CAC ACTINIT

Nhém cde nguyén 18 thuée chu ky 7 ciia biang he théng tudn hoan, ¢ s6 thit ty tir 89
(actinl) d€n 103 (lorenxi), dugc goi 1a cdc nguyen (8 actinit, giong nhu cich goi cdc lantanit &
chu ky 6. Ciu hinh electron clia céc nguyén tir actinit & trang this khi, duce xdc dinh bang thue
nghi¢m hoac dy dodn dira vie quy luat bién thién tinh chit rr ra tir s so sanh vai cdc lantanit,
duge uinh bay trong bing 13.1.

Bdng 13.1. Cau hinh electron clia cdc nguyén wr actinit vi lantanit & trang thai khi

Cic actinit Cic lantanit
Nguyén 1 So th e Cau hinh clectron® Nguyén 1o S6 thi ur e(l;‘ll;];?i
 Ac 89 6d'75’ La 57 5d'65°
Th 90 675" Ce 58 af 5657
P 91 5F6d 75" Pr 59 465"
U 92 5fed s Nd 60 ares |
N 93 SF6d' 7S P oi 465>
Pu 94 5f6d' 757 Sm 62 4f"65" |
Am 95 5£6d'75° Eu 63 afey |
Cm 90 5£6d" 78" Gd 64 47 5d" 647
Bk 97 5£6d' 75 hoac 577" Tb 65 465"
Cf 9% 57y Dy 66 afest |
Es 99 511757 Ho 67 aficy |
Fm 100 57787 Er 68 4f*65"
T M4 101 504757 Tm 60 | 4py
No 102 5f47y Yb 70 4f%6y°
Lr 103 5716d'75° Lu 71 4 5d 6y

* Them vao cdu hinh electron ¢iia radon (nguyén 16 ¢é s6 thit 1w 86)
¥* Them vao cau hinh electron cia xenon (nguyén 6 ¢é so thir wr 54).

Nhin vio bang 13.1 <6 thé thdy rang, trong ddy actinit s& electron cila Iop 5/ tang ddn
len. Gilta mitc 5f va 64 chénh léch nang lugng nhé hen gilta muiic 4f va 54. Ngoai ra, so vdi i6p
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4f. cac electron 5/bi che chin manh hon bai cic electron 16p bén trong. D6 14 nguyén nhan cua
hien liang electron ldp 5f cta actinit tham gia vio 1ién ket hod hoc nhidu hon cdc electron 4f clia
lantanit. Nang luong chuyén electron gifta ciac trang thdi 5 va 6d & mot s6 actinit nhu thori,
protactini, va phin nao ¢ urani va neptuni, ndm gitfa ning luong ctia cic lién k& hod hoc, vi the
cdu hinh clectron cla cdc nguyén 16 nay ¢6 thé thay doi khi di tir mét hop chat ho hoc nay sang

mot hap chit khic, tir trang théi hoit tri nay sang trang thai hod i khic.

13.2. SO OXI HOA CUA CAC ACTINIT

Trang thir hod tri chu yéu cia cde lantanit 1a +3. Do lién Kkét yéu ciia cdc clectron 57, céc
actinit bieu 16 nhi¢u trang thai oxi hod (bang 13.2.). 86 oxi hod +3 khéng con dac trung cho thori
va protactini, kém beén ¢ urani va neptunt va chuyén sang trang thii oxi hoa +4 & plutoni. Bat diu
tir amerixt trang tha hod tri +3 trd thanh bén nhat. Trong dily actinit, $6 oxi hoa bén nhat tang
i actimit (+3) d¢n urani (+6) 1ol gidm dan dén +3 & amerixi vi cdc nguyén 16 1iép theo. Cic
actinit tr amerixt dén lorenxi thé hién ca s6 oxi hod +2. Sir oxi hod cac actinit lén cic trang thdi

oxl hod cao nhat dién ra dé dang hon so vai cdc lantanit.

Rang 13.2. So sanh cdc rang thdi oxi hod cua actinit va Jantanit

, Cac ac-iinit ) Cac .Ianlanil _
Nguvén to So thit wr (‘ﬁ;x[.lra}j:;}i I*hiii Nguyen 16 56 thur nr rllgiﬁ(;([i“;l[:i Wl
. . — . _!I
A 89 3 La 57 3
T 90 1 e Ce 58 3.4
Pa L w 4.5 Pr 59 3.4).5
U 92 3.45.6 N 60 3.4
. Np 93 3.4.5.6.7 " Pm ol 30|
U e 94 3.4.5.6.17 Sm 62 2.3
Am 95 2.3.(4).5.6 Eu 63 2.3
Cm 96 3.4 Gd 64 :
Bk 97 3.4 Tb 65 3.(4)
cf 08 2.3.4 Dy 66 ;
| Es 99 2.3 Ho 67 ;
i'm . 100 I 2.3 Er - () 3
Md 101 2.3 ' Tm 69 3
No T, 2.3 Yb 70 2.3
L L 103 3 Lu 71 3

* Céc 58 ox1 hod bén nhit duge in dam.



13.3. MAU CUA CAC ION ACTINIT TRONG DUNG DICH

Céc dang ion actinit trong dung dich vii man cia ching duge thdng ké trong bang 3.3

Bang 13.3. Mau cia cdc on actinit trong dung dich

Nguyén t6 Me™ Me** MeO,* Me(),>
Actim Khong mau - - -

Thori - Khong mau - -
Protactini - Khong mau Khong miu -

Urani Nau do Xanh I cay - Ving
Neptuni Xanh dén do tia Xanh hot ving Xanh ld cay tHong
Plutoni Xanh dén tim Da cam Bo tia Ving - da cam
Amerixi Héng Hong* Vang Vang 161
Curi Khong mau Vang nhat* - -

* Nam trong phitc floro.
Mot s8 actinit khong duge dé cap dén trong bang 13.3, vi chi diéu ché duoc vai khoi

lugng qud nho, khong du d€ tao thanh cdc dung dich ¢6 ndng do cin thiét.

13.4. TINH CHAT CUA CAC KIM LOAI ACTINIT

(3i6ng nhu cdc lantanit, cdc actinit 13 cdc kim loai 4m dién rit hoat dong hod hoc. Bé
mat sang bac cua kim loai bi oxi hod rat nhanh trong khong khi. Dudi dang bol min, cic kim
loai actinit ty boc chdy. D€ hoan nguyén cdc kim loai actinit (it cdc hgp chit phai st dung céc
chat khit rat manh. Chiing han bing cich khir halogenua actinit bing canxi hoic bari & khoang
1200°C, dién phan musi halogenua néng chay hoac bang phuong phidp Van Arkel (k€T tia rén
day dot néng). Thudng ding hon ca 1a phwong phap khir muéi florua kho tan bang canxi hoac

bari:
PuF, + 2Ca - Pu + 2CaF,

Su khir bing canxi dugc tién hanh trong k¥ thuat dé thu urani va plutoni. Vi céc kim
loai duge hoan nguyén ¢é khoéi lugng riéng 16n hon rat nhiéu so vdi kim {oat diing lam chit khu,

nén phan kim loai actinit bi tao thanh hén hop kim loai ta twong déi nho.

Tinh chat cia cac kim loai actinit dugce t6m tat trong bang 13.4. Diéu noi bat & day 1a
nhiét d6 néng chay rdt cao cna thori va protactini, khéi luong riéng rit 1Gn v sy ton tal nhicu
dang thir hinh ctta urani, neptuni va plutoni. Tinh thé cla cic dang thi hinh bén & nhiét do phong
c6 tinh déi ximg thip va bit dang huéng. Kim loai plutoni 13 mét ngoai 1é. NS két tinh ngay &
nhiét dé phong ¢ dang don th (monoklin}. Su bat thudng dy duce quy cho anh hudng cia cdc
electron f. Tir amerixi tro di, tinh chat coa cic nguyen t6 trS lai quy luat thong thudng, giong

cac lantanit.
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Bdng 13.4. Tinh chit cdc kim loai actinit

Nguyén | Nhiét do ] Khoi luong rién
NEL noéng chay Dang tha hinh Ciu tric tinh thé ng &
to . (g/em™)
{("C)
Ac 1100 + 50 Lap phuong dién tam
- 750 o (161 1400°C) Lap phuong dién tam 11.72 (25°C)
- 8 (1400 - 1750°C) Lap phuong kho tam _
Pa 1873 Ti dien 15.37
o (161 668°C) Tric giao }189.10 14 ((—},2250‘ ?
U 1132 [ (668 - 774°C) T dién 18‘06 (805 "C;
v (774 - 1132°C) Léap phuong khoi tam ' '
o (161 280°C) Truc giao 20,45 257C)
Np 637 B (280 - 577C) T dign 1936 (313°C)
v (577 - 637"C) Lap phuong 18,00 (600"C)
B . 16.74 (25"C)
o (161 122°C) Don ta 17.77 (1507°C)
B (122 - 203°C) Don 1a khoi tam 17,19 (210C)
v (203 -317"0) True giao 15,92 (320"C)
Pu 639.5 S(317-433"C) ap phuong dign tam
§' (453 - 477°C) Tht dién 1599 (4657°0)
£ (477 - 640°C) Lap phuong khoi tam 16.48 {500"C)
Am 095 o (161 =280'C) Luc gidc 13.67 (20°0)
. . 13.51 (257C)
. o (161 =150"C) Luc gidc "
3 : ) .
Cim 1340 5 (s 150°C) Lap phirong dién tam 12,66 (150°C)
Bk 086 o . Luc gizif: 14.78 (25 ::C)
] Lap phuong dién tdm 13.25(257C)
Tei 600°C Luc gide 15.1
cr 900 600 - 7257C Lap phuong dién 1am 13.7
> 725°C Lap phuong dién tam 8.7

13.5. CAC HOP CHAT CUA ACTINIT

Céc hop chat hod tri 11l cila actinit ging cdc hop chat ciing leai coa lantamt. Thori
khong bén vimg & trang thdi hod tri III. Cac hop chat hod tri IIT clia urani, neptuni va pluteni
cling it bén trong dung dich nudc. Urani (IIT) phan ng véi nuée gidi phong hydro, Np (111} va
Pu (1II) khong tdc dung v&i nudc, nhung dung dich nudc cia chiing bi oxi hod dé dang trong
khéng khi.

O trang thii hod tri IV, cdc actinit, dic biét 1a thori rat giéng Ce (IV}) va Zr (IV). Urani
(IV) va neptuni (IV) bén trong dung dich nudce nhung bi oxi hod cham bdi khong khi tao thanh
UO,* va NpQ,'. Plutoni (IV) chi bén trong axit dac hoac khi c6 mat chét tac phic. O cdc néng
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do axit thap, Pu (IV) tr oxi hed-khir thanh Pu (IH) va Pu (V1). Dung dich Am (IV) va Cm (1V)
chi duge biél ¢ dang cic phiic florua. Bk (IV) bén, nhung gidng nhut Ce (1V), ¢ thé bi khir thiuth
Bk (I1I). Tat c& cdc actinit hod tri IV déu tao thanh cdc mudi jodat va usenat khé tan. Tinh baza
cua cac hydroxit actinit hed tr1 IV giam dén theo thir tr sau day:

Th* > U* = Pu* > Ce" > Zr*
Actinit hod tri [V thuy phan va tao phifc manh. Khi nang thuy phan va tao phiic cua cdc
bac oxi hod khdc nhau clla actinit thay déi theo thi
MY > MO > MY > MO,
Ai lyc tao phitc clia cde anion d6i véi actinit hod rt IV giam dén theo cde day sau day:
F > NO; » O > ClO,,
hoige:
COS > GO » SO .

O bac oxi hod (V), dung dich nudce cua protactini rat khidc v6i urant, neptuni, plutoni vi
amerixi. Pa (V) bi thuy phan manh. chi bén trong moi trutmg axit rat manh, chang han axit HCl
8M, hoac khi ¢é mat nhimg tdc nhan tao phitc manh, nhu ion florua. Urani va cic nguyén 1o sau
no lai tao thinh cdc ion dang MO,", chira lién két manh giita kim loai vi oxi. Su khdc bict ay hién
quan dén sy khdc nhau cua 53 electron 5f trong nguyén tir protactini va urani. Trong dung dich,
khi ¢6 can biing chuyén hod gitta U (1V) va U (VD) luén ludn ton tui mol lugng nho U (V).
Neptuni (V) duéi dang NpO,* kha bén trong dung dich nuée, con PuO,’ vi AmQ,* ty oxi hod -
khir dé dang dé chuyén sang trang thdi hod i [V va VI

Trang (hdi hod tri VI la dién hinh hon ca d6i vdi urani v xuat hién ¢i & neptuni, plutoni
va amerixi. Trong dung dich ching a0 thanh cdc ion MO,™. Céc ion nay khong phai 1a cée san
pham thuy phan, ching bén vitng ngay ¢ & cic dung dich axit manh. Céc nguyén wroxi lien két
rat chat che véi nguyen tir kim loai. D¢ dai lién két ctia mot trong hai lien két oxi - kim loai
chimg 16 rang 6 mot lién két doi gitta kim loai véi oxi. Ngoai hai nguyén 1 oxi. xung quanh

nguyén tir kim loat ¢é thé ¢ mat 4 dén 6 phai tir khic.,

Do tdc dung cua cdc tic nhin oxi hod manh, neptuni vi plutoni ¢4 the chuyén sang trang
théi ¢é s6 oxi hod +7.

Céc kim lowt actinit phian tmg véi hydro, & khoang 300°C, g0 thanh cic hydrua kim loaj
¢6 thanh phian MH, hoac MH;. Hydrua ¢t urani phan huy & nhiét do cao hon, tdi tao lai hydro,
vi the ngudi ta thudng dung phan dng hydro hod urani dé luu gii triti.

Céc florua va clorua actinit duge théng ké trong cdc bang 13.5 v 13.6. Sir tao thanh céc

halogenua phan dnh khd ddy di cic trang théi hod tri clia actinit, duge néu trong bang 13.2.
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Beng 13.5. Cic florua cla actinit

Nguyén to Bic oxi hoa 11 Bac oxi hoa 1V Bacoxi hoa V Biic oxi hoa VI
Ac AckF, trang - T
Th o ThE, trang
! Pa - h PaF, nau do Pal-, -lr-;ing

U UF, den UF, xanh 14 UF. gin tring UF, tring

Np Npl, do tia NpF, xanh Id NpF. do NpF, da cam

Pu Pul; 1 xanh PuF, nau PuF, naudo |
Am AmF; hong AmF, nav ving
Cin CmF, trang CmF,

Bk BKF; xanh vang BKF,

cf CfF,

Bdng 13.6. Cic clorua cla actinit
Nguyén té Bac oxi hod I Bac oxi hoa 1V Bic U;;fl()fl A% Bac uxi hod VI

Ac AcCly trang |

Th ThCl, (ring

Pa - PaCl, xanh vang PaCl; vang xanh -

U UCl; do U, xanh 1d UC nau do UL, xanh 161
Np NpCl; xanh Ia NpCl, nau do

Pu PuCl, xanh Id
Am AmUI, hong ‘ -

Cm CmdCl, réng o
Bk BKCI, xanh I | )

cf CtCl, xanh L

Es B, | % S

VE cdc oxit actinit, diéu dac biét 13 sy 1ao thanh cdc hop chal khong ty luong, tic 1
nhimg pha déng thé & dé ty s6 OfU thay d6i trong mot khoang nhat dinh. Khi &y ty s8 O/ cua
oxit phy thudce vao dp sudl rieng phan clia oxi trong pha khi, chiing han 16n tai UQ,,,, trong dé x

thay doi trong khodng 0 < x < 0.25.

Sy tao phite vé cac ciu tr hitu co déng vai ud quan trong trong ky thudl tich cic
nguyén 16 bing chiét hoic trao doi ion. D¢ chudn bi mdu phan tich hoic diéu chd miu thi
nghiém, nguoi ta thuong tich cdc actinit bang trao doi ion, chang han trén nhua Dowex-50 chifa
cdc nhom chire axit manh v tdc nhéan tao phic va ria gidi 1 mot a-hydroxi axit. Thi tr duge

rra gidi phy thuoce vao hing $6 bén cua phite chiat (hinh 13.1).
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v tdc nhan rra giai 14 axit g-hydroxiizobutyric
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CHUONG 14

KHA NANG MO RONG BANG HE THONG TUAN HOAN
VA TINH CHAT CHUNG CUA CAC NGUYEN TO PUNG SAU
CAC NGUYEN TO ACTINIT
14.1. KHA NANG MG RONG BANG HE THONG TUAN HOAN
BDé dé theo doi, trude tién xin duge nhic Tai mot s& khii niem:
- "Che nguyen 16 actinit” K cde nguyén 16 ¢d s6tha ng e 89 (Acy dén 103 (1),

- "G nguyen 16 san urant”. chi clic nguyén 10 ding sau urani trong bang tudn hoan,

i la cde nguyén té cé so thutr 7 > 92,
- "Cie nguyén 18 sau actinit” 1a cic nguyén o cé sd thirwr 7 > 103
- Cac nguyén tdo ¢ Z 2 112 goi la "ciic nguyén 16 siéu ning".
- Cdc nguyen 10 siéu nang ¢c6 Z > 121 duge goi la cde "sicu actinit”

Mot cau hoi luon duge dat ra [ sau cdc nguyén 16 actinit ¢on ¢d thé tim thiy bao nhiéu

nguyén to khidc nita, ndi khile di la hé thong tuan hoan ¢é thé ma rong dén dau?

PE udc dodn gidi han cha su md rong hé thdng tudn hoan cdc nguyén 6 hod hoc, cdn
phii xem xét moi kiia canh 1y thuyét v thuye nghiém  Heén quan dén tinh bén cia cic hat nhin

siéu nang.
14.1.1. Su ngoai suy doé thi phu thude thoi gian ban huy vio s thir tu

Ngudi ta xay dung dé thi su phu thudc théi gian ban huy cta cdc nguyén 10 (¢6 so6 thit
Z > 90) vao sdtha tr cua nguyén to (hinh 14.1),

Cho dén cic nguven 1o ¢6 Z = 100, thdi gian bin huy cia duge xdc dinh qua phan 3 «
hoac §3, con d8i véi cde nguyeén 16 cd Z > 100 chi y&u qua su phin hach..

Bing cach ngoai suy do thi ciia hinh 14.1 ¢é thé ude dodn cic gid tri thdi gian ban huy
cla cdc nguyén 16 ¢6 8O thir tv Z > 106, 1uy ring cdu hoi 1o ngudi 1a duoc phép ngoai suy dén

dan thi van con bd ngd. Nhiy ngoui suy nhu viy cd thé cher doi riing thai gian bdn huy cla
nguyén 16 110 sé chi con 107 giay.
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Hinh I4.1. Su thay d6i thoi gian bdn huy clia cdc nguyén (6 ¢6 s6 thit 1 tir 90 dén 106 va SUT ngodl suy
cdc gid i thoi gian ban huy dén nguyeén 16 ¢d $6 thit ter 110

14.1.2. Vai tro cua I6p vo proton hodc notron khép kin
Céc tinh todn 1y thuyét cho thiy ring quy luat mo ta bdi dé thi cha hinh 14.1 chi ding

cho dén khi ndo chua xuat hién 16p proton khép kin hoac 16p notron khép kin (cdc so ky diéu)
lam tang do bén vimg ca cac hat nhan. Cic hat nhan c6:

Z=114, 164,
N =184, 308.

s€ o cdce 1Gp vo khép kin. Bic biét ding quan tam 1d hat nhan 114 véi Z = 114 va N = 184,
Flat nhan ndy c6 dang cau va phai 1a dac biét bén. Ngoii sy nhat i rong rit cla cic nha nghién
clru vé tinh bén cia nguyén 8 114, nhimg tinh todn khic vé cdc hicu \tng 1dp vo con dur bdo vé
tinh bén cla hat nhan ¢6 Z = 120 va N = 228. Cé cong trinh lai k€ dén hi¢u mg 16p vo & Z =
120, N =108 va N = 240.

Trén d6 thi tuong quan gitra s6 proton v s6 notron trong hat nhan, vimng duge cho doi
xudt hi¢n cdc hat nhan ¢6 tinh bén twong d6i cao (do hicu ng lp vo) 6 Z =114, N = (R4 va
Z =164, N = 308 dugc biéu thi bdi cac "dao” nhd (hinh 14.2),

Tuy nhién, tdt cd cdc hi¢u img 16p vo déu trd thainh mé nhat & nang lugng kich thich cao
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vao ¢@ 50 MeV, nghia la o cdc nang lugng kich thich vao ¢& nhu vay tic dung tinh bén cia cac
kdp vo proton ciing nhu notron khép kin $& mat di. Diéu dé 1a ral quan trong déi vai viée tao ra

cac nguyén & siéu ning.

Tz=184 _ 1 T -
150 | SR el h

!
N lz=114 L] __@// | i ‘
100 . e ' . B ]
o //' i - |
g e | e
& 50| < N -t
B e 0 R=

0 e L | :

0 50 100 150 200 250 300
SanotronN=A-2Z

Hinh 14.2, "Duao tinh bén trong déi cao” duge chd doi trén co socde 1Gp w6 proton
viu notron khép kin (cdc so ki di¢u).

14.1.3. Mire chinh xdc¢ trong cac wéce tinh veé tinh bén cua cic nguyén 6 siéu nang

Vi sy c6 mat dong thai nhiéu higu tmg déi nghich nhau, nhimg du dodn vé tinh bén clia
cdc nguyen (6 siéu ning cé do chinh xde rat thip. Dé ddnh gid do bén cla mot nguyén 18, 14t ¢i
moi dang phan rii ¢d thé nghi dén nhyu sy phan hach, phan rd «, phan ri B déu phai duoc xem
xé1. Ngudng nang luong cua phan hach duge ude tinh theo phuong phip Strutinsky. P61 véi cdc
hat nhan siéu nang vd&i 16p vé proton hode notron khép kin (dio tinh bén cao trong hinh 14.2),
ngudng phan hach vio khoing 10 dén 13 MeV. Sai 86 cla sy ude lugng nay vio cd 2 dén 3
MeV, din dén sai 8 c& mol thira s¢ 10 trong ude tinh (héi gian bin huy. Sy tinh todn thai gian
bdn huy phan hach cta nguyén 16 114 cho gid tri = 10" nim, nhitng tinh todn truée day cho
k¢t qua = 10" nam, phép ngoai suy thé so cho gid tri chi = 100 nim, ¢4 nhiing tinh todn lai cho
ring phai < 107 nam. Nhimg k&t qud xa nhau dén nhu vay cho thay 0 mic chic chin rat thap
clta cdc wde tinh thoi gian bin huy cta su phin hach. Su ude tinh thoi gian bian huy cta phan rd
o va phan d 3 it phite tap hon, vi cdc thoi gian ban huy nay phy thuae vao nang lugng phan ra
AE, ma dui lugng nay cd thé biéu didn qua s6 khdi cia hat nhin nhd nhitng ham 6 don gian,
D6i v6i hat nhan 114 cdc gid tri tinh duge vé thot gian bdn huy cta phan i o 13 790 nam vai
sal 83 vao ¢ mot thita s6 107 (hoic107%). Cho cling hat nhan nay, nhiing tinh todn khic lai dua
ra cac gid tri thoi gian bdan huy cta phan rd ¢ 1 tie 107 dén 10° nam, hoac (&i 107 nam, hoac chi

< 0,4 nam (sal 86 vio ¢d mot thirg s6 107, Thai gian bin huy cla phan rd 3 d6i v&i hat nhan

[§]
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114 dugc cho 1a vio c& 10* giay véi sai 6 cling vio c& mot thira sé 107" Thai gian ban huy

chung ctta moét hat nhan, vé can ban, duge quyét dinh bai thoi gian ban huy cva dang phan ri ¢
thoi gian bin huy ngin nhat. Dua vao thai gian bin huy cla cic dang bién doi hat nhan (phan
hach, phan 1d o vi phéan ri B) ngudi ta dia ra gid ri ude lugng = 10" nam cho thoi gian ban huy
cua mot vai hat nhan nim lan can xung quanh hat nhan®™"1 14 rong "dio cia tinh bén cao”. Cic
hat nhin chiin - 1¢ hodc 1¢ - chdn cé thoi gian bdn huy phan hach v phan 1 @ oo hon chiit it,
nhung thi gian ban huy phan rd 3 nho hon, so vdi cic hat nhan chin- chin. Tinh dén cic yéu 16
dy. trong "ddo cla tinh bén cao”, hat nhan *™110 ¢4 thé [a bén nhat vai thai gian bidn huy khoang

107 nam.
14.1.4. Mot s6 kho khan trong tong hop cac hat nhan siéu ning
Pé thang luc day Coulomb, cdc ion niang dua vie phan (ng hat nhan cén phai ¢é méot

nang lugng t6i thi¢u. Mot phin hodc todn bo ning lugng nly s& chuyén thanh nang lugng kich
thich cla cdc hat nhan két hop.

Do ¢6 nang luong kich thich cao va khoi luogng 16n, cdc hat nhian két hgp tao thanh tir
céc ton nang dé by phan hach .

Tac dung on dinh dugc chd doi cha 16p vo khép kin mal di ngay o cic nang luong kich
thich vira phai.

Do do cong cua duong cong tinh bén B (xem d6 thi dudng tinh bén [3, hinh 2.9), trong
phan g hat nhan cla cdc ion nang ludén xudt hién cdic san phim nghéo notron. Vi khd phan
hach, rhimg san pham nay dé phan rd {3*, bit electron hoic phan rd o theo hudng chuyén vé
dudmg tinh bén 3, nhd the di vao "ddo cha tinh bén twong déi cao™.

Mot diém dac biét cla cdc phan (ng ion nang 1, trong phin 1én trudng hop, cic xung
quay cao dugc chuyén hod, thutng tir 50 dén 100 h/2x, qua d6 xdc suit phan hach tang lén rat
manh, vi phan hach 1 dang phan ri hiéu qui nhit dé thodt bién cdc gid tri xung quay cao. O céc
xung quay di cao, ngudng nang lugng cua phan hach cd thé hoan toan bién mat.

Sy tim ki€m cdc nguyén 18 siéu nang gan voi sy phat trién cdc mdy gia (dc cdc jon nang,
hién ¢é ¢ Dubna (Nga), Berkeley (M#), Orsay (Phap) va Darmstadt (Dic).

14.1.5. Cac dang phan img c6 thé sir dung trong tong hop cac nguyén t6 siéu ning

P¢ tao ra cdc nguyén 16 siéu ning, nhiéu con dudng di duge dé ciap.

14.1.5.1. Phan wng cua cdc ion ndng

Phan dng cla céc ion nang duge xem la con dubing nhiéu trién vong nhat dé 16ng hop

cdc nguyen 18 siéu nang, ¢ thé chia thanh cdc dang phan tmg sau day:
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- Cidc phin tng "nhiét hach - phan hach”, 0 dé hat nhan dung lam dun va hat nhan dong
{am bia "tan chay" vao nhau va hat nhan két hop duogce hinh thinh sé tap tic phan hach d¢€ tao

thanh hat nhan siéu nang va mot manh khic.

- Cic phan tng "nhiét huch - bay hoi”, & d6 hat nhan két hop duoc hinh thanh s& giai toa
nang lugng kich thich cta né bang cich boc hoi notron. Di nhién, trong trudng hop nay xdc suat
phan hach ciing rat 16n.

- Cdc phdn tng ndéi 1i€p, & dé nhiéu nucleon kél hop ndi tiép nhau 130 thinh hat nhan
siéu ndng.

Céc dang phan img néi trén déu duge tiép cian bang thyc nghiém.

V@i cdc phan ing "nhiét hach - phan hach", ngudi ta diing lam hia cdc hat nhan nang
nhu hat nhan **U vi ding dan 13 hat nhan nhe hon nhu xenon (U + "*Xe}. Ngudi 1a cling
dimg dan 1 hat nhan U va chd doi s dién ra phan (mg sau day:

U+ U > (U184) - 114 + YD (14.1)

Viée diing dan [ *Ca c6 nhiéu wu diém, vi hat nhan niy 6 hai s6 ky diéu, nén nang
lwgng kich thich truyén cho hat nhan dugc tao thanh ii nho. *Ca ¢6 do du thira notron cao, lam
cho hat nhan hinh thanh khi bin bang dan “Ca ¢6 thé nim gan hon vai 6 ky dicu N = 184,
Ngoai ra, hat nhan *Ca tuong d6i nhd, nén xdc sudt xay ra sy “tan chay” vio nhau clia dan v bia
Ia 16n. Dudi day 13 mot s6 phan (mg dién hinh ding dan *Ca:

22U+ TCa
Py + "*Ca
“*Cm + "Ca

Ngudi ta cling diung lam dan ca cde jon nang nhu Ni, Cu, Zn, Ga hoac Ge, ching han
trong phan tng:

BITh + Ge —» ("™122)* — 122 + 4n (14.2)

Phan ting (14.2) dugc dé nghi véi hy vong rang hat nhan cia nguyén 16 122 khong bi
phan hach s& phan ra o d€ bién doi thinh hat nhan nguyén 16 110, hoac bat electron dé tr& thanh
hat nhan cta nguyén 16 111,

14.1.5.2. Cdc phdn iing khdc ding dé tong hop cdc nguyén 1o siéu ndng

Ngoai cdc phan img ion ning, nhiing con dudng khdc dé tong hop céc hat nhan siéu

nang cling duge thdo ludn.

Mot trong cdc kha nang 13 sy bt notron nhi¢u lan, néu bang cich nao do di qua duoge

cdc hat nhan chin - chdn dé phan hach. Trong san phim cla cdc vy nd nhiét hat nhan, ngudi ta

215



phat hién dugc cdc nguyeén t6 Es (£ = 99) va Fm (Z = 100), nhung khong thiy cdc nguyén 6
nang hon. 56 di khong thu duge cdc nguyén 18 nang hon 14 vi cdce hat nhan chidn - chin 2*Fm ¢c6
thoi gian bdn huy qua ngan. Vi thé di ndy sinh § tudng La 1ao ra hai vu né nhiét hach cich nhau
chimg 10 ms. Khi &y, lugng Es vi Fm ¢& mg duge tao ra tit vy no thir nhat, sau vai phan ra f3,
trong vu né thit hai s8 bit cac notron, tham gia vao cdc phin dng (n, v) dé chuyén thinh hat nhan
nang hon.

Mot ¥ tuong khidc 13 gay ra cdc phan tmg ion ning nhd cdc proton nang luong cao.
Trong phuong an nay, ngudi ta cho rang, khi ban phd bia hat nhan nang bang cic proton ¢é nang
luong khoang 28 GeV, c6 thé tao thanh céc hat nhan Ui hoic cic manh giau notron cé niang
luong 16n dén mc ¢6 the 'tan chdy” v6i cde hat nhan khic dé rao thanh hat nhan si¢u nang.

bing tiéc la nhiing thue nghiém theo huGng nay lai chura ¢6 két qua.

14.1.6. GiGi han cua bang tuan hoan

Mot cau hoi thudng duge dit ra la ¢6 1hé c6 nguyen (6 véi s6 tha tr cao nhat 13 bao

nhigu?

Tuong tic Coulomb gifta hat nhan va 16p vo electron 1ang 16n theo su tang dien tich hat
nhan. Vugl qua mot gid i nhat dinh cla dién tich hat nhén, duge phéng dodn 1a Z = 137, cdc
electron & bat diu roi vio hat nhin, K&t qua cia dién bién nay 1 su sinh cap. Tuy nhién, su sinh
cdp va phat xa pozitron ¢ nhimg gid tri cao cua dién tich hut nhan Z, cho dén nay van con chua

sdng 10,
14.1.7. Cdc nguycn té siéu nang trong tu nhién

Vin dé kha nang 16n tai cdc nguyén 16 siéu nang trong tu nhien di duge nghién ciru mét
cdch riit can k&. Néu cdc nguyén (6 siéu nang da timg t6n tai khi hinh thinh Trii Dat, né phai ¢6
thoi gian ban huy tuong doi dai va ngay nay phii con tim thdy véi khéi lugng do duge. Céc
nguyén 16 siéu ning hinh thanh do cic tia v tru hodc tir cdc thién thach roi vio Trii Dat ¢6 thé
khong c6 thdi gian bdn huy dai. Su téng hgp céc nguyén t6 ning trong ty nhién lién quan vdi hai
qud trinh da trinh bay & trén: phin g giffa cdc ion nang va lién tiép bit notron. Nhimg qud
trinh &y ¢6 the dién ra trén cdc ngodi sao mdi, trong nhimg vu no cic dang vat chit mat do rat
cao...

Vo1 sy dp dung cdc phuong phdp va thi€l bi phan tich hién dai. cho dén nay ngudi ta vén

chua tim thiy dau vét cua cic nguyén (o siéu nang trong tu nhién.
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14.2. TINH CHAT CHUNG CUA CAC NGUYEN TO SAU ACTINIT

14.2.1. Mot s6 dicm dic biét trong phuong phdp thue nghiém nghién citu tinh chit hoa hoc
cia cAc nguyén to sau actinit

Khéi lugng cdc nguyén to sau actinit thu duge dé nghién ciiu 1a cyc ky nho. Bang cdc
phan ting hat nhan xay ra khi ban phd hat nhan biing chim notron, chiim o heac bing cic ion
nang, trong mdi thi nghiém thuong chi thu duge 1ir mdt dén mudi nguyen tr. Pé cdc di kién
thue nghi¢m dat duge mot 4o tin cdy nhat dinh nhe xir 1y théng ké cdc s6 liéw, cic nghién ciu
phai lap lar niéu lan. Thém vao dé, thai gian séng qud ngin khong cho phép tich luy duoc mét
lugng 16n nguyén tir cia cdc nguyen td saw actinit. Chu k¥ ban huy cuc ngiin cha cdc nguyén 8
sau actinit doi hoi phai thue hién cic thi nghiém dic bi¢t nhanh, cho phép nhan duoc thong tin
vé tinh chil hod hoc doi khi vai su ¢6 mit cha chi mot nguyén tir. Chigt, trao d6éi jon vi sic ky
Kh1 [a nhimg phuong phap thue nghiém thich hop nhat. Con cho muc dich phan tich, cic phuong

phip phé o va dém vt phan hach thuomg duoc sir dung.

Cdc nhom nghién ctu o Dubna (Nga) 1an ¢ Berkeley (M$) déu tién hinh cong viéc
nghién cru tinh chdt hod hoc cua cdc nguyén (6 sau actinit. Nguyén t6 104, nguyén t6 sau actinit
ddu tién, vi trong bang tudn hoan 13 mol déng dang cua ziriconi va hafni, cdn phdi tao thanh
clorua twong ddi dé bay hoi. Dé ching minh diéu d6, Zvara & Dubna di tién hanh mot thi

nghiém pha khi theo so do md ta ¢ hinh 14.3,

7Cl, NbCls g
Np SR P B

b ! ;-:-T-I__m

. Teflon XOp

Chum icn neon

: k*Detecto nhap nhay

Hink 14.3. So dé thi nghiém diing dé nghién ciru tinh chat hod hee cla nguyén 16 104 (ZrCl, vt NbCl,
déng vai trd tdc nhan clo hod).
Trong thi nghiém cia Zvara, **Pu dugc bin phd biang hat nhin *Ne dé tao thanh cic hat
nhan nguyén t6 104 do cic phan ing:
#2pu(¥Ne, 5n)*'104
vd  Pu(*Ne, 40)*104.
(Céc dong vi 104 va *104 ¢6 thdi gian bdn huy (v phan hach) 7,,(sf) = 4,5 5 va 0,1
5).
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Cdc dong vi clha nguyén t6 104 bi clo hod bdi hoi hén hgp ZrCl, vi NbCl. trong dong
nitd va duge phdt hi¢n bang mot detecto nhdp nhdy. Bang thi nghiém nay nguoi ta chimg minh
duge ring nguyén t8 104 tao thanh cac clorua dé bay hot hon nhiéu so véi cdc lantanit va
nguyén to 103, va lan dau tién xdc dinh duge tinh chat hod hoc clia mot nguyen (S sau actinit.
Sau dé, cling nhim muc dich nay, & Beckeley ngudi ta loi dung thoi gian bdn huy dai hon cia
dong vi *'104 dé tach déng vi nay bang trao ddi cation va chimg minh ring nguyen 6 104 xir
sy giéng Zr va HY, trong khi clorua ciia cdc actinit & trang thdi hod i 111 khong thé bay hoi

trong cdc diéu kién nhu vay,

Theo cdc bdo cdo tir Dubna, cdc thi nghiém sac ky khi ching 16 rang clorua cla nguyén
16 105 ¢ trang thidi hod tri (V) ¢6 kha nang bay hoi ndm giita cdc hop chit tuong tu ciia niobi va
hafni. Cac két qua nghién cliu ¢6 duge cho dén nay dar ra ciu hoi ring nguyén t6 105 gidng

tantan hay vanadi hon.

Xuéil phdt tir vi trf cla nd trong bang tudn hodn, nguyén (6 106 ¢6 I8 phai gidng nhu
vonfram va trang thai hod tri (VI) cGia n6 phai 12 bén.

14.2.2. Nhimg co s¢ ly thuyét coa du dodn tinh chit cic nguyén to sau actinit

Viée du dodn tinh chit hod hoc cila cdc nguyén (6 ddi hdi mét s6 co s& 1y thuyét nhat
dmmh. Vicdc l0i giai gan ding phuong trinh Schrodinger cho lién két hod hoc din dén nhiing ket
qua qud thi¢u chinh xdc, nén thuyét VB, vi ci chu trinh Born-Haber vdi cdc bign dang cla nd,
thudmg duge sir dung. Trong moét chimg muyc nhat dinh, su suy luan trén co s cde quy luat bién
thién tinh chat trong hé thdng tudn hoan cling 13 hitu ich.

‘ITén co s¢ hé thong tudn hoan, nhd cdc tinh todn co hoc lugng tr ¢6 thé tién dodn duge
tinh chit vac Iy va hod hoc cha cdc nguyén t6 chira duge tim thay bang thue nghiém. Trong céc
tinh todn dy, ngudi ta tap trung su chd y vao cic "ddo tinh bén tuong doi cac” (xem hinh 14.2).
Bang phuong phdp Hartree - Fock twong ddi tinh ngudi ta tinh duge nhimg trang thai nang lugng
clia cdc electron vi cdu hinh electron clia cdc nguyeén t& sau actinit, tham chi ¢d niang luong clia
cdc trang thdi kich thich, nang lugng ion hod vi ban kinh nguyén . Mot 56 k€t qua tinh todn vé
cdc nguyén 16 104 - 120 duge trinh bay trong bang 14.1. Mot trong nhitng két qua tinh todn quan
trong nhat 12 vi¢c chia cdc trang thdi 7p thanh hai phin 16p, phan 19p p,, v6i hai electron va phan
18p py; vGi ban electron.

14.2.3. Hé thong tuan hoan md rong va so luge vé du doan tinh chat cuia cic nguyeén to sau
actinit

Hinh 14.4 gidi thiéu hinh anh ctia hé th6ng tudn hodn md rong, bao gém ca cde nguvén

16 sau actinit, Wic 1a cdac nguyén 18 ¢ Z 2 104.
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Céc nguytn 10 sau actinit nang hon, khoang tir 6 112 v€ sau, goi 1a cic nguyvén t6 siéu
ndng, duge chd doi 1a ¢ tinh bén cao hon de 10p vo proton hodc notron khép kin.
Cic nguyen t6 cd s thirty  Z > 121 bit diiu cd su dién cdc electron vio phan ldp g

duge goi la cic siéu actinit.

Cla Villa
| Tla Iflla TVa Va VIa VIla| .He
Li| Be | B| L N[O F][Ne
| \Na|,Mg|TTIb IVb Vb VIb VIIb VIIIb b 1Ib | AL Si| P | 8 | Cl| pAr
LK | pCa ] 5S¢t Tid 5V |5, Cr [ Ma| o Fe | 5,00 | 3 Ni [,Cul o Zn |, Ga| wGe | (As | (Se | wBr| oKr |
L oRb| WSt | WY 1, Zr | Nb| Mol Te [, Ru| Rh | P | -Ag|,Cd| o | oSn | (b | Te| ol |.Xe
sCs | s6Ba | olat,HE o Ta| W | Re | 5,0s| oI | Pt |sAu|Hg| (Tl ,Pb | Bi |,,Po|At].Rn
wFT | wRa [oAc| 1041105 | 106 | 107 | 108 | 109 | 110 [ 111 | 112|143 ] 114 { 115 | 116 [ 117] 118
119120 [121]154]155] 156 | 157 | 158 | 159 | 160 | 161 | 162|163 | 164 | 165 | 166 | 167 | 168

Lantanit

.;ﬂ.La!iECe oPT | gNd i Pm |.Sm| \Bu | Gd | Th|.Dy|;Ho| oFr |, Tm | 50b |5, Lu

Actinit

g, AC “,Th!mPa oU |eaNp| wPu [sAm|,Cm|;Bk |, Cf | Es | Fml,, Md| Lo| alr

Siéu actinit

121 l22§123 124 1125|126 127 | 128 | 129]....... 149 150 151 | 1521153

Hinh 14.4. H¢ thong tuan hoin md rong.

Cic nguyén 16 ¢6 so thir ty tir Z = 104 dén Z = 112 | cac nguyén 6 chuyén ticp (67757
dén 6¢'"'7s%). Cic nguyeén 6 tir Z = 104 dén Z = 112 duge du dodn c6 cdc bac oxi hod cao do ban
kinh ion I6n va nang luong ion hod nho. Nhitng nguyén 18 cdn lai cla diy nay c6 1€ kém hoat
dong hod hoc hon va thé hién cdc bac oxi hod cao hon so véi cdc nguyén t6 nim ciing phan
nhém cua chiing thude cic chu ky trude. Nguyén 16 118 chic han phai 1a mot khi tro, nhung vi
¢0 nang lugng 1on hod thap, nén dé dang tao thanh céc hop chdt ¢l khi tro, & d6 nguyén 16 nay
thé hién céc 6 oxi hod (IV) va (VI). Anh hudng cla sy phin chia cdc trang thdi 7p thanh phan
18p 7p,, chic s& thé hién trong nhimg bac oxi hod cla cic nguyén 18 115 - 117. Vi s tang s6
thir tr, chénh léch nang lugng gitta cic trang thdi p,, vd p., tang dan lén, dén mife 1a chi cdc

electron p,, mai con 1a electron hod tri.

(dc tinh 10dn cho phép tién dodn cdc dac trung quang phd Rontgen cla céc nguyén 15
siéu nang. Dién tich 16n cha hat nhan khong dnh hudng dén cdc vach K, dnh huéng nho lén cdc
vach L, nhung anh hudng manh 1én cdc vach M dén ndi cdc vach ndy khong cdn thich hop cho
viéc xac dinh cdc nguyén 16.



Ngudi ta du dodn rang trong dung dich cdc jon vdi cdc s6 oxi hod sau day s¢ la bén:
104 (IV), 105 (V), 106 (VI), 107 (VID), 108 (VIID), 109 (VD), L10 (VID), va cho rang nguyén to

106 va cdc nguyén 16 ti€p sau s€ tao thinh cdc anion oxo (cic anion co chita cdc nguyén tir oxi

trong thinh phin).

Bdng 14.1. Du dodn tinh chat cia cic nguyén 6 104 - 120

Bdn kinh Khoi
Ngu:\ifén S6 khoi Electron cac (fzifc b;jl_f:: D)Fi Th’é' ion nguyén tay f': lugng
Lo 1é¢p ngoai hoi chu yén hoid (¢V) | trang thii kim riéng
loai (10%cm) (glem’)
104 278 6757 v 5.1 L.6G 7.0
105 281 6757 \Y 6.2 1.53 216
106 283 678" VIV ?.i' 147 232
117 286 6l 787 VIL V1, \ 6.5 .45 27:2_
108 289 675" VI VI TV 7.4 I.43' 28.6
109 292 ﬁd?.?s: VI, IV 82 1.44 282
P10 295 6757 1V, VI 9.4 1.46 274
L1 298 678" 1, v 10.3 1.52 244
112 301 6d" 75 1. v L1 1.60 16,8
113 304 73770 I 7.5 .69 14.7
114 307 Ts¥1p° Il 8.5 1,76 1501
115 310 75770 I, 1 59 1.78 14,7
116 313 T57p? I, 1V 6.8 1.77 i3.0
N 117 36 1577’ 1100 -1 8.2 -

[18 319 757 7p° oIV 4.0
(19 322 8! I a1 2.0 4.0
120 325 8s' 3| 53 20 7.2

Nguyen t6 111 duge cho 1a ¢6 6 oxi hod +3 bén, nhing cling ¢6 khd nang tao thanh ion

1.

Nguyén 16 112 (1am goi 1a eka thuy ngan), do higu ting tuong d6i tinh wén cdu hinh 757,

phai kém hoat dong hod hoc hon nhiéu so véi thuy ngan. Cic oxit. clorua, bromua cé I¢ sé

khong bén, con trang thii don chat cla nguyén t6 nay & nhiél do phong chac phat 12 mot khi

hoac mot chat long dé bay hoi, vi luc tuong tic gifta cdc nguyén ur la rat yéu. Cac lien két bén 6

th¢ chos doi 1a florua 112F, hoac céc ton phic trong dung dich 112CL vi 112RBr,”
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V¢ mit hod hoc, nguyén 16 113 duge chd doi s¢ nam gilra Tl vd Ag. Mudi clorua hod tri

1 cia nguyén 16 nay 113C1 tan trong NaCl va NH.. Ngoii ra, oxit cua né kho tan trong nuée

nhung tan trong amoniac.

Bdng 14.2. C&u hinh elecuron 1dp ngoai cua cdc nguyén ta 121 - 168

Nguyén Ciu hinh electron cac lép ngodi Npuyén | Ciu hinh electron cac lop ngoai
W sl el 7s | 7p |7 8s | sp | © |6f|7s| 70| 7d |sslsp|os]| op |
121 2] 6 2 |1 145 | 3|26 | 2j2]2
122 ; 26 12711 146 [ 4126l 2]2]2
123 12106 [ 1 [2]1t 47 | sl2te6l2]2]2
124 321 6 2 11 148 |6 216 ] 2]2]2
25 [t [ 3t 2] 6 2 11 1499 |6 |26 3 ]2]2
126 | 2 | 2126 [ t127]1 150 | 6 |26 4272
127 [ 32216 2 | 2 st | 8]2]6|3l2]2
128 t 421216 2 | 2 152 |9 f2]6l3 |22
29 | s 2]2"1a 2 | 2 is3 |ula2lei2]2]2
130 | 6 2] 2] 6 2 1 2 154 (121216222
3t |7 20v216 2 1 2 155 | 13l2l6]2]2]2
132 [ 8212165 2 | 2 156 (14|26 ]2]212
133 | 8321 6 2] 2 157 [1a]2]6 |3 ]2]2
134 18 | 4|26 2 ] 2 158 (1426 ]4a]2]2

s o ta 2l 2 [ 2 [ 159 [1af2]loelai2]2]l
13 |10 4] 2] 6 2 1 2 60 (1aj2loels 221
137 [nl3i2le 1212 61 14216 |6 |2]2]1
38 12326 |1 ]2]2 62 |14l2]6]s8|2]2
0 [ 226121272 163 14|26 o]2]2
140 t1a| 3 [ 2] 6 1] 2] 2 64 | 14|26 10]2}2
141 (1512216 | 2]2]2 165 [ 14l26 1021271
42 (16t 2] 2V e [2]2]2 66 | 14| 2] 6 [10]272]2
43 (17221062212 w67 (14262221
14a s 126 [ 3]2]2 68 |14al2]6lw]j2]2]2] 2

Nguyén 16 114, ¢6 phan 1ép 7p° , dil ddy, & trang thii don chat chic sé 1a chat khi hoic

chit 16ng dé bay hoi. Cic halogenua cla né nhu 114F,, 114C1,va c6 thé ci 114Br, sé 1a hop chat

bén. Kha ning 16n tai 0 dang khi hoac chat long dé bay hoi clia 112 va 114 ¢6 y nghia quan

trong trong viéc phan lap va xdc dinh cac nguyén 16 niy.

Hod hoc ctia cdc nguyén t& {15, 116 va 117 ta vin dé rat dingz quan tam, vi 0 cdc

nguyén td nay, sau khi phan 18p 7p,,” duoc dién day, ¢6 su sap x€p cdc electron vao phan 16p

7p1p. Tit cdu hinh electron nhu vdy, ¢6 thé cho doi riing bac oxi hoa bén cia 115 1a (1), cia 116

1a (ITy v cha 117 1a (I1T). lon 115" & gidng vai TI'. Nguyén 10 117 (eka-astat), ngoal s6 oxi hod
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(1) s& con thé hién cd s& oxi hod (-1). Nguyén (6 118 & mot khi tro nhung hoat dong hod hoc
hom xenon v twong doi dé tao thanh cde lién ke khi tro véi cie nguyen 16 dm dién. Nguyén 6
119 s€ la kim loai kiém dau nén, ngoii hod tr1 (+1). c6 thé ¢6 ci hod try (+11), vi cdce electron chia

[Gp clectron th 7 cling ¢6 kha nang tham gia vio lien két hoi hoc.

Trong dily cdc sien actinit dién ra sy dién electron viio cic phan Idp 6/ vt S¢ (xem bing
14.2). Trong céc tal li¢u ngudi ta cling dua ra ¢d nhimg du doin v& tinh chat hoit hoc clia cie
nguyén 16 si¢u nang. Lic la cde nguyén 16 ¢6 Z > 120. Dic diém noi bit cha cic nguyén 16 nay la

su dién cdc electron vio phan nhém 6f v Sg.

Su dy dodn tinh chat hod hoc cua cic nguyén 1& sau actinit ¢d ¥ nghia quan trong (rong
viéc tim cach phan lap va xde dinh cdc nguyén 16 nay. Vi thé, trong viée im ki¢m cdc nguyén 16
mdai va xac dinh gi6i han cOa sy mé réng hé thang tuan hoan, vai wd cla cic nhi hod hoc I rat

quan trong.

I3
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CHUONG 15
TUONG TAC CUA CAC TIA BUC XA VOI VAT CHAT
15.1. Y NGHIA CUA VIEC NGHIEN CUU TUOGNG TAC CUA CAC TIA BUC

XA VOI VAT CHAT

Nhtr da trinh bav & cdc chuong trude day, tia phong xa ¢6 thé 1a chim cic hat mang dién
nhtt tia o, chiim proton, tia 3 vh {3, 6 thé th chim cdc hat khéng tich dién nhu notron hodc 1a
chim photon cua tia v, Tuy theo ban chat vi nang luong cla minh, wong tac cua cdc tia phong

Xa vai vat chdl ¢6 nhimyg dac mung khic nhau.

Dura trén co 0 tugng e cha bic xy vai vat char ngudi ta dira ra cace phuong phap ghi do

bitc xa van cac loar detecto khdc nhau.

Tuong tdc cua bire xa vai vat chat di tao ra nhiéu linh vue iing dung khdc nhau cla biic

xa hat nhan, trong d¢ ¢o cic ing dung trong hoi hoc, doi tugng nghicn ciu cua hod biie xa.
Tuong tic cua cdc bite xa véi vat chat cling doi hor thue hién cac bién phdap bao v¢

phéng xa thich hop nham dim bao an 10an cho con ngudi.

15.2. DAl CUONG VE TUONG TAC CUA TIA BUC XA VOI VAT CHAT

Cic hat tich dién ¢ nang lucmg cuo hoac cic photon (hat «, proton, electron, pozitron,)

liim ion hod chat khi, chil 16ng, chil rin va mat mot phdn nang lugng cla minh trong quid trinkh

niy:
M M +e (15.1)
Tat ci céc loal bitc xa ¢6 kha nang gay ra phan ung (15.1) déu goi 1a biic xa ion hoa.
Trong phuong trinh (15.1) ky higu P diing dé chi phan iing dién ra dudi tac dung

cla blic xa ion hod. Ngoai su ion hod con dién ra qua trinh hoat hod cdc phan tr:
M » M* (15.2)
trong dé M* i cic phan te by hoat hoa.
Cic phin img hod hoc do birc xa ion hod gay ra trong chat 1dn, chit long, chat khi 1a d6i
tirong cua Hod birc xa, nbung cdc phan img do dénh sdng nhin thiy hoac tia 1 ngoai gdy ra lai

thuoe vé quang hod hoc. Mot s8 van dé m& dau vé Hod bic xa s& duge trinh bay trong chuong

17 (tip 2 cua gido trinh nay).
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Tuy thude vao ban chal cua nguyén tr hoic phan wr. nang luong t61 thiéu cdn thiél dé
ion hod hodc kich hoat phan tir hoac nguyén 1 thudng vao c& mot viti V. Cic photon ciia dnh
sing nhin thay ¢6 nang luong nam trong ving tir I eV (A = 1240 nm) dén 10 eV (& = 124 nm).
Khi nang lugng cua edc photon nay du I1dn, ching han & tia tr ngoai, né ¢é the trong tdc véi
phan tr hogc nguyén tir va mat nang luong trong mot qué trinh ion hod. Nhung cic bic xa hat
nhan, cdc har ¢6 nang lugng cao hodc photon, ¢é nang luong trong khoang tir 0,1 dén 10 MeV
€0 thé a0 ra mot sé luong 16n cdc ion, cdce electron va cdc nguyén tie hodc phan tr ¢ trang (héi
kich thich va cdc sin pham nay tich tu trén trén dudng di cta cdc hat. Cdc hat ning, ching han
hat o hodc proton, tac ra mat do cap clia cdc san pham phan ting trén dudng di clla minh, con
trén quy dao clia cdc photon y, mat d¢ cdc ion va cic nguyén i hodc phan it bi kich thich s&
thap.

Cdc ion, cde nguyén tw, phan i bi kich thich, sdn pham cua cdc phin ing (15.1) va
(15.2) lai ¢6 thé gdy ra cdc phin img thii cap:

M - R"+R (phan ly) (153
M +e-—> M*  (tdi két hop electron) (15.4)
M+ X - Y {phan ting hod hoc) (15.5)
M +X—>M+X  (trao déi dién tich) (15.6)
M" — M" +(n-1)e (mait clectron trong cac Idp sau) (15.7)
M* — M+ hv (phat huynh quang (15.8)
M#* — 2R- {(phan ly thanh cdc géc (159
M# 5 R*+R™ {phan !y thanh cic ion) (15.10)
Mf+rX oY (phan ting hod hoc) (15.11)
M*+ X -5 M+ X* (chuyén giao nang luong kich thich) (15.12)

Nhiéu phan tmg thtr cdp dién ra rat nhanh, chi rong vong 107 dén 107 giay. Cdc phin
g (15.4), (15.8), (15.9} la tuong d&i pho bien, con sif 1di két hop véi electron thudng chi xdy ra
trong dung dich va trong chat réin.

Néng do cia cde san pham trén dudng di cta tia phong xa (v 1¢ thuan véi do giam nang
luong cua hat trén mot don vi dudng di trén quy dao ciia nd. Pai lugng nay duge goi 1a do gidam
nang lugng tuyén tinh, viét 1at theo ti€ng Anh 12 LET (Linear Energy Transfer). Chang han,
trong nudce, hat o v6i nang lugng 1 MeV ¢ LET bang 196 ¢V/nm, con eleciron ciing v&i nang
lugng 1 MeV ¢ LET chi bang 0.2 eV/nim, vi thé mat do san phdm clia cdc phin tng tén quy
dao chia hat o cao hon gén 10 ldn. Trong khong khi, khi sinh ra mot cap ton (mot ion duong va
mot electron), hat oo mdt di mot nang lugng 35,1 eV, con hat B mat 34 ¢V, trong khi nang lugng
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ion hoa ciia N, chi bang 15,6 eV, ciia O, bing 12,1 eV, nghia la cé gdn mot nita ning luong tia
phéng xa mét di da danh cho viéc tao ra cdc phan i bi kich thich theo phin img (15.2).

Khi cac hat, dac biet 1a hat o va proton, ¢6 nang lugng di 16n, chiing ciing ¢6 thé gay ra
cdc phan Ung hat nhan. Nhung céc hat o pht ra tir cdc hat nhan trong phén rd phong xa thudng
chi ¢6 nang lugng nho, khéng di cho cdc bién di hat nhan. Con cic electron s& bi him lai khi di
vao truomg luc ciia hat nhan nguyen tir va mat di mét phdn ning lugng thong qua phét xa photon
(tia ham). Khi electron cé ning lugng cao, tia him cé thé 13 tia X hodc tia ¥

15.3. TUONG TAC CUA TIA a VOI VAT CHAT .

15.3.1. Dac diém tuong tic cia tia a v6i vat chat
15.3.1.1. Suion hod

Tia o dé bi hap thy, nghia 1a n6 wong tac rat manh véi vat chat. Mot © gidy, 14 nhom c6
do day 0,04 mm hoac mét vai cm khong khi cling dit dé hip thu hoan toan tia a. Duong di rat
ngan cua chiim o trong chét khi c6 thé thdy duge nh& cdc budng suong (xem hinh 15.1). Qu¥
dao cla cic hat it bi anh hudng bdi cic va cham véi vO electron. Hiém hoi mdéi ¢6 sy va cham
cla hat & v6i cdc hat nhan nguyén tir. Trong nhimg va cham dy, hat o bi lech huéng hoic x4y ra
phan img hat nhan,

Giong nhw tat ca cdc hat tich dién c6 nang lugng cao khie {(proton, electron, pozitron),
tia o lam ion hod chat khi, chat 1ong, chat rén theo phan tmg (15.1) hoiic kich hoat cic nguyén tlr
hoac phan tir theo phan (ng (15.2) vd mat mot phdn nang lugng clia minh trong cic qué trinh
nay.

15.3.1.2. Ndng sudt ion hod

Do cdc qué trinh ion hod, cdc hat o mét nang lugng trén dudmg di clia minh, gidm dan
16c do theo sy tang khodng céch tir nguén phét. Khi t6c do giam, thoi gian tiép xiic cha hat ¢ vdi
cde phan tir cha moi trudng tang dan 1én, kha nang ion hod tang lén . D€ ddnh gi4 mitc do tuong
téc clia chiim o v6i vat chét ngudi ta dua ra dai luong ndng sudt ion hod, duge xéc dinh bing s6
¢ap ion dugc hinh thanh trén mot milimét dudng di cla chim o. Nang sudt ion hod tang lén khi
téc do cha hat o gidm di, tifc 1a khi tang khoang cdch tir ngudn, trong khong khi né cé gid tri ban
déu vao ¢& 3000 va gid tri cudi khodng 7000. Bién thién ndng sudt ion hod theo do dai dudmg di
ctia chim o do *""Po (RaF) phét ra duoc biéu dién trén dé thi cia hinh 15,2, Tir hinh 15.2 ¢6 thé
thdy rd quy luat da 156 ta & trén. Khi t6c do clia cdc hat o gidm din di (tdc 1 khi khoang cach tir
nguon tang dan), ndr g sudt ion hod tang manh cho t6i mot cuc dai roi dot ngdt giam xudng tdi
0. khi cdc hat o dd mat hét ning lugng. Trong moi qud trinh ion hod déu c6 st hinh thanh mot
ion duong va mét electron (mot cap ion). Tinh trung binh, sy hinh thanh mot cap ion trong
khong khi tieu tén 35 eV (trong c4c khi khac ning lugng tiéu tén cho mot cip ion cling xdp xi
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nhu vay). Nhur thé mot hat « cé nang lugng ban ddu 3,5 MeV ¢ thé tao ra tong cong 10° cip
ion trén toan bo dudng di cla minh. Cuét ciing, tir mbi hat « hinh thanh mét nguyén tir khi tro
He.

Hinh 15.1. Cic tia o trong budng suong (theo K. Philipp, Naturwissenschaften 14 (1926) 1203).

| | paNa
] 1
E —
5E |
23, } N
'S 3000 ] W
£2 2000 1o
=8 —-~ — -+ Khodang di ngoai
=T 1000 _§uy3,8?_0[cm..__I
E’,é 0l ! \\N
5 © 0 1 2 3 4

Quang dudng[cm}—=-

Hinh 15.2. Su bién thién ndng sudt ion hod theo dé dai dudng di cla tia o (do **"Po phét ra) trong
khéng khi {theo E. Rutherford, J. Chadwick va C. D. Elle, Radiations from Radioactive Substances,
Cambridge Uni. Press, London 1930; G. Stetter & W. Jentschke, Physik. Z. 36 (1935) 441).
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15.3.1.3. Khodng di ctia hat «

Quéng dudng ma hat o di dugc trong mét moi trumg nao d6 goi 1a khoang di clia hat a.
Nhin chung, trong mét méi trudng nhat dinh, khodng di cfia cdc hat o phét ra tir cdc hat nhan
ciia ciing mot déng vi phéng xa 1a xap xi nhau, nhu thay duge wén hinh 15.1. Nhung cdc va
cham trén dudng di ciing tao ra nhiing bién dong nho. Pé xdc dinh khoang di cha cdc hat «
trong khong khi, ngudi ta c6 thé sir dung mot dung cu tuong déi don gian dugc mo ta wrén hinh
15.3. Theo phuong phdp nay, man ZnS phdt séng khi c6 hat o dap vao. Ngudi ta thdy ring, su
tang khoang cdch tffr ngudn phdt o dén man ZnS cho t6i mot gia tri nhat dinh cudng do phét
quang cua man ZnS hdu nhu khéng thay déi, nhung khi vuot qua gid tri nay do phat quang giam
nhanh t6i 0. Khi ding ngudn o 12 *“Po, cdc k&t qua do khoang di clia hat o duge mé 13 boi dé
thi ctia hinh 15.4.

S

Man ZnS Mau

Vit diéu chinh

0N
" |

o

7 4 5§ 6 7 8 9
[cm]

a

%

(s iz 7777777 a7 I TIZ ALY

Hinh 15.3. So dé thigt bi do khodng di cia hat o

Trén d6 thi cha hinh 15.4, ty s6 N/N, (gilta s6 hat o di ti man ZnS, N, so véi tong s6
hat o phdtra trng” ™ N,,) duge dat rén tryc tung. N&u su va cham cha tat ca cic hat o véi cic
phan tir khong khi hoan toan giSng nhau, khoang di clia cdc hat s& hoan toan bang nhau va khi
khoing cdch tir nguén dén man ZnS 16n hon khodng di, ty s6 N/N, phai lap titc bing 0. Trong
thire 1€, N/N,, giam di theo mot dimg cong. Puomg cong nay phan dnh sy thay déi théng k& s6
va cham ciia cdc hat o véi cdc phan tlr khong khi. Dé xdc dinh chinh xdc khoang di cha cdc hat
o, ngudi ta c6 thé ngoai suv hodc vi phan hod dudng cong trén hinh 15.4. Trong phuong phép
ngoai suy, ngudi ta kéo dai phdn gin tuyén tinh cta dudng cong (xem hinh 15.4), giao diém cla
n6 Vi truc hoanh cho gid tri chia khoding di, thudng dwoc goi 1a khoang di ngoai suy. Trong
phuong phip vi phan rgudi ta v& dudmg cong t6c do bién thién ciia ty s6 N/N, theo khoang céch,
tifc 1a clia ham s&:

d(NIN Ydx =1 (x) (15.13)

trong d¢ x 1a khoang cich tir nguén dén man ZnS.
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Toa do cta cuc dai trén dudng cong vi phan, cling chinh la toa do diém uon cla dudng
cong N/N, = f,(x), cho biét gid tri clia kKhoang di, thutmg duoc goi 1a Khoang di trung binh.
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Hink 15.4. Bién thién ty s6 N/N, (giita s6 hat « di 161 man ZnS va téng s0 hat phat ra tir nguon) khi thay
déi khoang cdch tir ngudn (*'"Po), trong méi truémg khong khi.

Céc khoang di ndi trén c6 don vi 1a cm. Doi khi ngubi ta con diing tich 56 cia khoang di
tinh ra cm voi khéi lugng rieng clia méi trudng vat chdt va cling goi dai luong nay la khoang di
nhung ¢6 don vi 1a g/em®. Néu goi D 12 khéi luong riéng, R a khoang di tinh ra cm thi:

D.R=1 gfem® khi R = /D,

nghia 13 khoang di 1 g/em’ trong vat chit c6 khéi luong riéng D tuong ving v6i quang dudng di R
bang do day cla ldp vat chét duge tao thanh khi rdi 1g chat trén dién tich 1 cm’.

15.3.2. Cac yéu t6 anh hudng dén khoang di coa hat a

15.3.2.1. Anh hutng ciia moi truong vat chdt

Khoéang di ctia hat ¢ phdt ra tir nguén *“*Po trong cdc moi trudng vat ch#t hic nhau
duge ghi trong bang 15.1.
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Bdng 15.1. Khodng di clia hat o tir ngudn ?*Po trong cic chat khc nhau

Loai méi trudmg Quiing di ngoai suy | Khoi luong riéng chba moi | Quing di biéu dién
vat chat R (cm) tririmg vit chit D (g/em’) | qua tich s6 D.R (g/cm?)
Khéng khi 6,95 0,001226 8.5
Mica 0,0036 2.8 10,1
Liti 0,01291 0,534 6,9
Nhom 0,00406 2,702 11,0
Kém 000228 7,14 16,3
Sat 0,00187 7,86 14,7
Béng 0.00183 8,92 16,3
Bac 0,00192 10,50 20,2
Viang 0.00140 19,32 27,0
Chi 0,00241 11,34 273

Tir bang 15.1. ¢6 thé nhan xét ring, khodng di tinh theo don vi g/cm” cuia tia o trong cdc
chat ¢6 thanh phin va cdu tao rat khic nhau, nhu khong khi v mica, ciing chi khdc nhau rét it
Con trong cdc kim loai thi khodng di nay ting 1én r5 rét theo chiéu ting cta nguyén tir so.

15.3.2.2. Quan hé giita khodng di va ndng luong cia tia o
D€ dénh gid dac tinh hap phu cla cdc chit d6i véi tia o, ngudi ta i dung dai luong cong

suat ham, duge dinh nghia 1a phan ning luong ma hat o mat di trén mot don vi chiéu dai quang
dudng nd di trong moét moi trudong vat chat nao dé:

B(E) = -(dEfdx) : (15.14)
trong dé B(E) la cong suat ham, £ 1a nang lugng, x 1a quang dudng di dugce cla hat o.
. Khi bi€t cong suat him, titc 1a bi€t do hao nang lugng trén mot don vi chiéu dai dudng
di va nang lugng trung binh dé tao thanh mot ¢ip ion, c6 thé tinh duge nang suit ion hod.

Ciing nhu ndng sudt ion hod, cong sudt him phy thudc vao ning lugng cta hat o. Trong
mot moi trudng vat chit, khoing di clia hat o phy thudc vao nang lugng ban ddu ca né. Hinh
15.5 mé ta su phu thudc ctia quang di clia hat a (tinh ra ¢m) trong khong khi vao ning luong ban
ddu . D6 thi cla hinh 15.5 thudng duge diing dé x4c dinh nang lugng ban diu ciia hat o,

Phin 16n hat ¢ ¢6 quang di trong khong khi tit 3 dén 7 cm. Déi vdi nhimg hat o cé
khoang di nam trong *ung do, twong quan gifia khoang di va niang luong ban ddu tuan theo gan
ding phuong trinh kink nghiém:

R (cm)=0,318 £ (15.15)

trong dé ndng lugng £ tinh ra MeV.
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Hinh 15.5. Sy phy thugc clha khodng di cba tia o trong khong khi vao ning lugng ban ddu cia né
(theo W. P. Jesse, J. Sadanskis, Physic. Rev. 78 (1950) 1).

15.4. TUONG TAC CUA TIA p VOI VAT CHAT
15.4.1. Phé ning luong cia tia B

Diéu khdc bi¢t cia tia f so véi cic tiaa vayla nang luong ciia cdc biic xa electron va
pozitron c6 phé lién tuc thay di tir O dén mot gid trj £, Khi bifc xa tia B, céc hat nhan ddu va
cudi & cdc trang thdi nang lugng hoan toan xic dinh. Nhu thé, 18 ra nédng lugng cia cdc electron
phéi bing hi¢u nang lugng cla céc trang thai nay. Nhung céc tinh todn va cdc phép do nang
luong toan phan clia cdc electron (chéng han phuong phap hip thu toan b tia B bang nhiét lugng
k€) chiing tb ring gid trj E,,,, chinh Ia hiéu nang lugng cha c4dc hat nhan ddv va cuéi, con ning
luong toan phin ciia cdc electron chi bing mot gid trj nang luong trung binh £ , ma gid tri nay
chi vao khodng mot phén ba E,,,. Didu d6 dudng nhu khéng phil hop véi dinh ludt bao toan
nang luong. Mau thuén trén duge khic phuc nh¥ thuyét notrino vé phan ri 3 do Fermi dua ra
nam 1934, rén co s& ¥ wong clia Wolfgang Pauli cho ring khi phan ri B 6 su phit ra d6ng thai
céc electron vi cdc notrino (dving ra 1 cdc phan notrino), ky hiéu 1a v, 1a hat khéng mang dién,
c6 kh6i luong nghi rdt nhé thudmg duge xem bing O (m, < 107 m,), khéng c6 trudng dién ti,
¢6 spin (1/2)(h/2n), tuan theo thong k& Fermi - Dirac. Nang luong phan i AE cha phan rd j3,
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tinh theo do hut khéi nhd phuong trinh Einstein (AE = Am.c?), bing éng cha ning lugng cha

notrino E, va nang lugng cha electron E, :
AE=E,+E, (15.16}

Su thay d6i nang luong cfia notrino lAm cho nang luong cia electron thay déi va chi dat
duge gid tri £, = AE khi E, =0, cdn nang lugng trung binh cia electron chi vao khoang 1/3 gid
trj nang lugng cyc dai.

Trong su bit electron, ning lugng phin rd AE bing tdng cdc nang lugng cha phin
notrino E,, nang hugng clia electron £, va nang litgng 10i cda hat nhan E,:

AE=E,+E, +Ey (15.17)

Ning luong liti clia hat nhan trong trudng hop ndy rét nhd, cé thé bd qua, ning lugng
cha electron ciing nhd so vét AE, ma néi chung vao ¢d 1 MeV, vi thé ciing dugc bd qua va
* (15.17) s thanh:

AE~=E, (15.18)

Phuong trinh (15.18) cho thdy ring, trong sy bt electron, nang lugng phat ra chuyén
hdu nhu todn bo thanh niang lugng cha notrino.

15.4.2. Tuong tic cha birc xa P vé6i vat chét
15.4.2.1. Phé ndng luong va khodng di

Tuong tic cia tia B v6i vat chat y&€u hon nhiéu so vdi tia o. Trong khi hat o véi ning
lugng ban ddu 3 MeV ¢é khoang di trong khong khi vic quing 1,7 ¢m va tao ra trén méi mm
dudng di clia minh vai nghin cdp ion, nhimg mdt hat P véi ciing nang lugng vuot qua duoc
khoang cdch chimg 10 m trong khong khf va chi tao ra do 4 cip ion trén méi mm. Ngoai ra, céc
electron bj léch hudng rG rét khi va cham véi céc electron clia cdc nguyén tir trong moi trudng
vat chét, vi the, khic véi hat « ning, hat B ¢6 quy dao ziczic.

D¢ bao ve phéng xa, che chdn chum [, ngudi ta diing cdc vat lidu ¢é nguyén tir s§ thap,
chéing han kinh hitu co hoic t 'm nhém c6 bé ddy chimg 1 cm.

Hinh 15.6 cho biét sy thay déi cudng do twong d6i clia chum {3 phét ra tir P sau khi di
qua nhimg 14 nhom c6 bé day thay déi. Trong muc 15.3 chiing ta da biét ring céc hat « phat ra
tir cing mot loat hat ntan nguyén tir c6 cling nang luong. Khi chi€u day cha 16p vit chat tang lén
nhung chua vugt qua khodng di cha chiim o, tdt ca cdc hat o déu xuyén qua Idp vit chat va
cudmg d¢ ciia chiim o <hong thay déi. Vuot qua khoang di, cuong d¢ chiim o giam dot ngot &
0. Trong khi d6, duong cong trén hinh 15.6 cho thdy rang cudng dé chum B gidm din lién tuc
khi bé ddy ctia I6p -4t chit ma né di qua tang ddn lén, né phan anh phan bo niang hiong lién tuc
VA sy tdn xa ciia bitc xa f trong moi trudng hdp thu. O cudi dudng cong hap thy, ngudi ta quan
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sdt dugc mot bltc xa ham c¢6 cudng do hdu nhur khong déi (tia X). Khi kéo dai (ngoai suy) dudng
cong hdp thy, giao diém cla né véi truc hoanh 13 khodng di cuc dai R, ciia cic hat B. Trong
thuc t€, su ngoai suy thudng duge thue hién bing cich vé& dudng cong clia cudmg do tuong ddi
trir di cuong dé tia ham va kéo dai dudng nay cho 16 10/, (xem hinh 15.6).
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Hinh 15.6. Sy hip thu tia  cda “P trén nhém

Pudng cong hap thy clia cdc tia B~ va B* rit gi6ng nhau. Mac d khong ¢6 céc biéu thic
thu duge tir 1y thuyét da chinh xac cho sy phu thude girta khoang di cuc dai R, va néng lugng
cyc dai E,,,, ngudi ta ¢ thé sit dung dudng cong thyc nghiém vé tuong quan giita khodng di cuc
dai R, véi nang lugng cuc dai E,,,, dé xdc dinh gid tri £, clia bifc xa B khi biét khoang di cuc
dai clia nd.

Péi véi céc electron bién hodn’, duding cong hap thu ndy cé dang gin tuyén tinh khi

* *Cdc hat nhan 14 sin phdm cua sy phan ra phéng xa c6 thé & trang thi kich thich. Sy chuyén tir trang
thai kich thich sang trang thdi binh thuémg, ngoai cdch bitc xa lwong tlr ¥ ¢dn 6 thé xdy ra theo hai cdch
khdc:

- Hat nhan truyén nang lugng kich thich cho mot trong cdc electron ca 19p vo va chuyén sang trang
thai binh thudng mé khong bitc xa tia y. Qud4 trinh nay goi 13 su bién hodn trong, electron thodt ra do
qud trinh nay goi 1a electron bi¢n hodn trong. Céc electron bi€n hoén trong ¢6 phé nang luong gian
doan, tao thanh cdc chim don ndng ndm trong phé lién tuc cha phan ra B.

- Neéu nang frong kich thich 16n hon 1,022 MeV, sy chuyén vé trang thdi binh thudng cé thé k&m theo
sur bl xa cdp electron — pozitron.
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nang luong clia cic electron nay 1dn hon 0,2 MeV (xem hinh 15.7). @ céc nang lugng nhd hon
0,2 MeV, dutmg hdp thy tich khoi dang dudng thang. Dé nhan duge gié tri khoang di hiu dung
cla cdc electron bién hodn, phin tuyén tinh cha dudng hdp thu dugc ngoai suy tdi cudng do
I=0.
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Hinh 15.7. Su hip thu céc electron bién hodn chia '¥"Ba
15.4.2.2. Céc dang tuong tic cia tia f vt vt chdit
Cic tia P tuong tic voi vat chdt theo ba con dudmg khdc nhau nhu dudi day:

a) Tuong tdc v6i cdc electron gdy ra su kich thich cdc electron I6p vo va su ion hod

Tham s& quan trong ciia tuong téc nay 12 mat do electron trong chét hdp thy, tic 1a s6
electron trong mot don vi khéi luong tinh bing ty s6 Z/A. Bang 15.2 cho biét khoang di tinh ra
mg/em?® clia mot vai chilm B ¢6 ning lugng E,,, khdc nhau trong cdc moi trudng vit chat
khac nhau.

Tirbang 15.2 dé thdy ring khodng di cyc dai tinh ra mg/cm? phu thudc 16 rét vao E,,.
khoang cich cuc dai cang 16n khi E,,, cang 16n va gidm di khi mat do eleciron (Z/A) ting lén.
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b) Tuong téc véi cdc hat nhdn nguyén tir

Tuong tic nay tang lén khi céc bic xa B c6 nang lugng cao. Trong dién trudng ca hat
nhén, cdc electron ¢4 niang lugng cao s& bic xa cic tia X ¢6 phén b8 nang luong lién tuc (tia
ham) va mét dén ning lugng cita minh. TY s giffa nang lugng mat di do biic xa tia hdm va nang
hwong mat di do ion hod c6 thé tinh gdn diing theo cong thic:

E s xa tarn/ Eion hot) = Emax-Z/800 (15.19)

trong d6 E,,, 12 nang luong cyc dai clla biic xa B tinh ra MeV, Z Ia nguyén tir s§ (dién tich hat
nhan) cha kim loai ding lam chét hdp thu.

Bdrg 15.2. Khoang di cyc dai clia c4c hat B véi cdc ning lugng cyc dai khdc nhau,
trong cdc mai trudng vat chat khdc nhau

Nang '(“h‘;:%;‘-'c 98 | N6 truomg vat chit Z/A Kh“?;ggzinﬁgc dai
owco | mm | WEiw | on
Lo Nhom 0,48 400
: Vang 79/197 = 0,40 500

¢) Tdn xa nguoc

Su tan xa nguge cia chim B phy thuée vio ning luong cuce dai E, .« cia cdc hat B va
nguyén o s6 cia chat hap thy. Phdn tdn xa nguoc cang lén khi nang luong cuc dai E,,, cla
chiim [3 cang cao va nguyen tif s¢ cuia chdt hap thu cang 16n (xem hinh 15.8).

Trong tuang tdc cua bic xa B v6i vat chat xay ra hién tugng déng luu ¥ 13, céc pozitron
sau khi mét nang luong dong hoc clia minh s& phan img vdi electron d€ sinh ra luong tr y ¢6
nang luong 0,511 MeV chuyén déng theo hudng nguge lai (bifc xa huy). Ngudi ta c6 thé dua vao
bitc xa huy dé phét hién c4c birc xa B*.

Ning lugng cuc dai ctia bifc xa B* 6 thé xdc dinh bang cdch v& cdc dudng cong hap thu
réi ngoai suy nhu hinh 15.6 dé x4c dinh khoang di cyc dai. Sau dé dua vao gidn dé tuong quan
gitta khodng di cuc dai v6i ning luong cue dai ma rit ra gid tri E,.,,. V1 su xdc dinh khoang di
cyc dai (bing cdch ngoai suy) thudng khong c6 do chinh xdc cao, su xdc dinh E_, bang phuong
phéap nay chifa dung sai s6 mot vai phin tram.

Céc gid trj chinh x4c hon ctia E,,, thu duoe bing tir phé ky. Vi céc hat $ o6 khéi luong
rét nho, ty s6 dién tich/kh&i lugng (e/m) 6 gid tri rdt 16n, khi ghi tiy phd clia chiim hat B ngudi ta
lam vigc v6i cdc cudng do tir trudmg nhd hon rdt nhidu so véi truong hop cdc hat o, Véi khdi
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luong rat nhd, khi c6 chng nang lugng, t6c do cda cde hat B 16n hon nhiéu so v6i hat a. Vi thé
- v6i chiim [ can phai thyc hién s hiu chinh theo thuyét tuong doi.

F=32p(1,71 MeV)
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Hinh 15.8. Tuong quan giifa nguyén tit s6 cba chat hip phu v6i xdc sudt tdn xa nguogce
cha cdc tia B ¢6 nang luong cuc dai £, khdc nhau.

15.4.3. Birc xa Trerenkov

Khi cdc hat tich dién di qua mdi trudng trong su6t, nhu nmudc hoac thuy tinh, v6i van t6¢
16n hon van t6¢c dnh sdng trong moi trudng nay, tic 13 khi cé diéu kien:

vzcln (15.19)

trong dé ¢ 1 van t6c dnh sing trong chan khong, # 1a chi s6 khic xa clia moi trudng ma anh
sang di qua, v 12 van t6c cha hat mang dién, ngudi ta quan sdt dugc bific xa Trerenkov.

D&i véi tia B, he thitc (15.19) dugce thod man ngay & cdc nang lugng tuong déi thap. Bic
xa Trerenkov ¢é mau xanh da tréi dam.

15.5. BUC XAy
15.5.1. Dai cuong vé tiay va tia X

Tia y va tia X c6 tinh chat nrong tr nhau, nhimg khéc nhau & chd : Tia X phat ra tir 1dp
v electron clia nguyén tir, khi electron chuyén tir trang thdi ¢ nang lugng cao xudng trang thai
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6 nang lugng thap hon (cc tia X dién hinh), ho#c khi electron b ham lai trong trudng hat nhan
(tia ham); cOn tia y phét ra tix hat nhan nguyen tir, khi cic hat nhan chuyén ur trang thii kich
thich v€ trang thdi co ban. Ning luong cia tia X trong khoang tir 100 eV dén 100 keV, tic la c6
budc séng tir 10 nm dén 10 pm. Nang lugng clia tia y khoang tir 10 keV dén 10¢ MeV, tuong tng
véi cac bude séng 0,1 nm dén 107 nm. Nhu vay ¢6 su xen phu giita cdc khoadng ning lugng cila
tia X va tia y. C4c electron ¢6 nang luong Ién hon 10 MeV khi tuong tac vdi triudng hat nhén
clia cdc nguyen tir ¢6 nguyen tlr 6 16n c6 thé phit ra céc tia ham “cimg", thudmg ciing goi 1a bitc
Xa ¥, vi n6 c6 nang lugng rét 1on. Tuy nhién, khéc vdi tia y phat ra or hat nhan, cdc tia him cé
phan b6 nang lugng lién tuc.

15.5.2. Twong tic cua tia y véi vat chat

Tuong tdc clia tia X v tia y v4i vat chat, vé can ban khdc véi cic tia o v B. Trong khi
cdc hat o va B mat nang lugng trong mot chudi cdc va cham lién ti€p, thi cic luc_mg'tfr ¥ mat
ndng lugng ctia minh hdu nhu chi trong mot tuong téc. Vi khéng mang dién, chiim " tuong tdc
yé€u v6i vat cht. Sy hip thy tia y tuan theo dinh luat hAm mii:

I=Le™ (15.19),
trong dé 7, 1, 1a cudmg do biic xa trudc va sau hdp thu, p 1 he s6 hap thu (ding ra goi 1a he s6
hip thu dai, thudng ¢6 don vi cm'), d 1a bé ddy cta 16p vat chit hap thy (do bing cm). Phuong

trinh (15.19) chi thét chinh xdc véi céc tia y don séc, cdc chiim y hep va cic 10p chat hép phu ¢é
bé ddy nho.

Tuong quan giirta nang litong clia bidc xa y va sy hap phu cia né duoe dac trung bdi do
ddy hdp thu mot nira d, ,, tic 1a bé ddy cla 16p hap thy 1am cho cudng dé tia v gidm di mot nira,
Tir (15.19) d& dang rut ra:

dyp=102/n (15.20)

Bén canh h¢ s6 hip thu tuyén tinh, ngudi ta ciing thudng sir dung h¢ s hap thu khéi
lugng p/D tinh ra em’/g (D 1a khéi luong rigng ciia chat hap th);

I=1,.e"" (15.21)

Trong phuong trinh (15.21), d duge tinh ra gfem? .

Do quy ludt ham mi, cudng do bifc xa I s& khong bao gid gidm 1di 0. Sau 16p hap thu ¢6
chiéu ddy 7d,,, cudng d6 bic xa con lai 1%, sau 10d,, ¢on lai ¢& mot phdn nghin. Dé bao vé
phéng xa, cin nhé ring cudng do cia chim ¥ c6 nang lugng 1 MeV s€ con lai 1% khi di qua
5 cm chi hodc 25 cm be tong.
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15.5.3. Céc yéu té anh huéng dén sy hap thu tia y

Ciing giéng Inhu sur hdp thu cdc tia o va B, su hap thu bic xa y phu thudc vao khéi lugng
riéng cia chat hap thu va nang luong ctia chim y. Bang 15.3 théng ké cdc hé¢ s6 hap thu khéi
luong (/D) clia mot vai chat hap thu d6i véi nhiing tia y c6 nang luong khac nhau.
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0,1 1 10
' Nang lugng [MeV] o

Hinh 15.9. Tuong quan giita do ddy hap thu mot nira clia chi (tinh ra g/cm?®) v6i nang luong chim y (theo
Ch. M. Davisson, R. D. Evans, Rev. Mod. Physics, 24 (1952) 79).

Nhiing gi4 tri tuong d6i nhd clia hé s6 hdp thy ghi trong bang 15.3 cho thay kha nang
dam xuyén rit 16n cia tia y. Ngudi ta dua ra mot so sinh dé nhd nhu sau: Pé hap thy hoan toan
tia o c6 nang luong ban ddu 1 MeV chi cin mot t gidy, chum B vdi cung nang luong ban déu
nhu vay bi hap thu dinh luong bdi mot ‘cubn sich dam tram trang, nhung dé giam cudng do cla
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chium y ¢6 ning lugng 1| MeV 161 10 cuong do ban ddu, chir khong phai 1a hap thu hoan toan,
cdn c6 mot bo bach khoa toan thu 24 tap!

Do day hap thy mot niva clia mot moi trudng vat chit nao d6 1a ham s& clia nang luong
chiim y va vi thé ¢6 thé sir dung d6 thi tuong quan giira hai dai luong nay dé xac dinh nang luong
cta chim y (hinh 15.9).

Bdng 16.3. He 6 hip thy khéi lwong (/D) tinh ra g/lcm’ clia mot s6 chat hap thu dai vai nhiing tia y ¢é
nang hrong khac nhau ( Theo Ch. M. Davisson, R. D. Evans, Rev. Mod. Physics, 24 (1952) 79).

E " - &
(MgV) Nito Nude Cacbon Natri Nhom Sit Dong Chi

0,1022 0,1498 [ 0,165 0,1487 0,1532 0,1643 0,3589 0,4427 5,30
0.2554 0,1128 | 0,1255 0.1127 0,1086 0.1099 0.1186 0,1226 0,558
0,5108 00862 | 0,096 0,0862 0,0827 0,0833 0,0824 0,0814 0,149
1,022 0,0629 | 0,0697 0,0629 0,0603 0,0607 0,0580 0,0580 | 0,0682
2,043 0,0439 | 0,0488 0,0438 0,0422 0,0427 0,0420 0.0414 0,442
5,108 0,0270 | 0.0298 | 0,02660 | 0,0271 0,0286 0,0312 00315 0,434
10,22 - 0,0216 0,0226 0,0537

Tir hinh 15.9 ¢6 thé thay, ring, & nhing gid trj 16n cha do ddy hap thu mét nira, méi gid
tri cia d¢ ddy nay twong \mg véi khong chi mot gid tri nang luong. Mau thudn ay cé thé gidi
thich dira vdo co ch€ tuong téc clia tia y véi vat chat.

15.5.4. Ca ché twong tic cua tia y véi vat chat

Tuong tdc cla tia y vt vat chat chit yéu theo ba co ché sau day.

15.5.4.1. Hié¢u ting quang dién

Trong co ch€ wiong tdc nay, lugng tit y tuong téc v6i mot nguyén ti, truyén toan bo
ning lugng ciia minh cho electron bin ra tir nguyén r va cho ion duge hinh thanh do nguyén tir
bi mét electron (Xem hinh 15.10).

EY =H-v e
TN NN
'Y C Y B

Hinh 15.10. Hiéu tng quang dién.
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Electron phét ra tir nguyeén tit do téc dung clia luong tit v, thuding goi la electron quang

dién. Vi cé kh6i hrong rat nhd, electron quang dién nhan duge hau nhu toan bo ning lugng E,

clia lrong tir v, va nang lugng ma né mang theo khi thodt ra tir nguyén tr E, duoge tinh theo cong
thiic:

E.=E, -Eg (15.22)

trong d6 Ey 12 nang lugng lién két cla electron véi nguyén tir. Nang lugng lién két nay thuong
rit nhod so véi nang lugng cla luong tir .

15.54.2. Hiéu fing Complon
Trong trudng hop twong tic nay, luong tir y chi truyén mot phan nang lugng cho electron

clia nguyén tir. Khi 4y, theo dinh luat bao toan xung luong, lugng ur y thay d61 tin s6 va hudng
(xem hinh 15.11).

Hinh 15.11. Hiéu itng Compton.

Dua vao dinh luat bao toan xung lugng, ¢6 ké dén sy bd chinh theo thuyét twong doi vi
t6c do rdt 16n cha céc electron, d& dang rit ra cic biéu thic tinh nang lugng cia tia y tdn xa (E)
va ning lugng dong hoc clia electron thodt ra trong tuong tac £

E=EJl + qE;) (15.23)
Vi E. = qEJ/(1 + gEy) (15.24)
v6i g = (1 - cos®)/myc’ (15.25)

trong d6 ¢ la géc 14n xa clia tia y (xem hinh 15.11), m, la khai lugng tinh cia electron, E, 1a
nang lugng clia tia y lic ddu, ¢ 12 van téc 4nh sdng trong chén khdng.

15.54.3. Su sinh cdp
Trong dién trudng cha mot hat nhan nguyén tw, tir mot lugng tir 7y c6 thé sinh ra mot

electron va mot pozitron, khi nang lugng chia lugng tir y bang hodc 1dn hon nang lugng tuong
duong vai khéi lugng nghi cha electron () va pozitron tinh theo phuong trinh Einstein:

E 2 2mc® =102 MeV (15.26)
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Su sinh cap c6 thé xem 1a qua trinh nguge cha birc xa huy da trinh bay trong muc 15.4.
Vuot qua 1,02 MeV, xdc suét sinh cap tang nhanh theo Su ting nang luong birc xa vy. e} nhiing
nang luong cao hon 10 MeV, sy sinh cip déng vai trd chil y&u trong co ch& hdp thu tia y. Ngoai
ra xdc sudt sinh cap ciing ty I¢ thuan véi luy thira bac hai cia dién tich hat nhén chat hédp thy.,

Tirnhitng mo6 ta & trén, he s6 hap thy p d6i véi biic xa y ¢6 thé biéu dién dusi dang téng

cua cdc hé s§ hap thu do higu g quang di¢n p,, hé s6 hip thu do hi¢u tng Compton p, va he
s& hap thu do sy sinh cip [T

K=o+ He+ Ly (15.27)
Hinh 15.12 cho thdy sy thay ddi h¢ s6 hap thu toan phan p va cdc hé s6 hap thu TRNTI
Mp cBa chi khi nang lugng cua biic xa y thay déi. Cac hé 6 hap thu w,, va p, gidm di theo sy tang

ning luong bic xa y lam cho hé sé hdp thu toin phén giam di. O nhimg nang luogng cao ciia
chiim y, sy tang nhanh hé s6 hdp thu do sinh ¢ap lam cho hé s6 hap thy toan phdn tang lén.

15 lll \
1 |
:
ppt | [\ 1
\\ Iil
—"g 1’0 | e \\ \ |I .
:. . )
= > ’
g h \ Wl
B! L‘ N \ /// Ll
\8 i 1] ’/up
.05 . =]
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‘\\ i
\ b
0 LI R
0,1 1 10 17

Nang lugng ctia birc xa v [MeV]

Hinh 15.12. Sy thay déi cdc he s6 hdp thy cla chi theo nang Irong cia bc xa ¥ (theo Ch. M. Davisson, R.
D. Evans, Rev. Mod. Physics, 24 (1952) 79).

Hinh 15.13 trinh bay cdc duong cong dién ta sy thay doi he s& hap thy toan phan cla
mot 6 kim loai khi nang luong cla biic xa y thay d6i. T¥ hinh 15.13 ¢6 thé thdy & 4nh hudng
marh cia s6 thi tu nguyén 18 len cdc dac tinh h&p phu cia cdc chat d6i véi biic xa y. Dudng bién
thién hé s6 hdp thu toan phan d6i véi tia y clia cac nguyen 18 ¢6 58 thit ar nho khong ¢6 cuc tiéu,
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chiing 6 rang & nhimg nguyén t6 nay sy sinh cap ddéng vai trd khong 1én nhur ¢ nhitng nguyén
6 nang.

Ngoai cdc¢ qud trinh hip thy ké trén, con ¢6 mot s6 co ch€ hip thy khdc ¢4 vai trd thir

yéu hon:

O cdc nang lugng thidp ciia chiim v, ngudi ta quan sat dugc su tin xa phit hop trén cdc

nguyén tir ciia chat hiip thu, giéng nhur trong trudng hop tia X.

Cdc tia y ¢ nang lugng cao cé thé gdy ra phdn tng hat nhan {cic phan Gng quang
hat nhan).

Tan xa Thomson va Compion xay ra d cac hat nhan véi mitc dé nho.

\\ \X \
15

|

\ \ i
) Y \
SN
= N Pp
\“@- %
= N JIE
@ 05 RN T

L Rl |
00,1 1 10 | 10°

Nang lugng cla bic xa y (MeV] e

Hinh [5.13. Su thay doi hé s6 hap thu toan phin cita mot 86 kim Joal khi nang luong
cla bte xa v thay déi (theo Ch. M, Davisson, R. D. Evans, Rev. Mod. Physics. 24 {1952) 79).

15.5.5. Xic dinh nang lngng tia y

Viéc x4c dinh nang lugng cla tia y 6 thé thuc hién bang cich trude hét vé dé thi bicn
thien cudng do tia v khi di qua 16p chét hap phu c6 bé day thay doi. Do thi nay thudng goi la
dudng hap thu, Chat hap thu thudng duge sit dung la chi. Tir dudmg hap thu nguoi ta xdc dinh bé
ddy hdp thu mat nia, rdi dua vao d6 thi clia hinh 16.11 méa xdc dinh nang lugng cua tia . Tuy

nhién phuong phip nay chi cho phép thu dugce cdc gid tri véi sai s6 t61 khodng 10%.
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Hink 15.14. Phé v cta "Cs (chup bang detecto tinh thé Nal. tia y phat ra do si bign ddi déng phan cla
hat nhan ¢ ddi s6ng ngan "“"Ba (t,, = 2.55 phiil) sinh ra tir s,
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Hinh 15.15. Phé y ciia “'Co (chup bang detecto tinh thé Nal va detecto bin dan Ge (Li).

Phuong phap thudng dugc sit dung la phé k€ y v6i detecto bin din (hoac doi khi ca
detecto nhap nhdy). So vdi phd k& mot kénh, phd k€ da kénh nhicu uu diém, né cho ngay 1ap tic
toan bo phd, phan b trén mot s6 kénh nhat dinh. Biing cich so sdnh véi tia y ¢6 nang lugng da
biét ding lam chudn, ¢6 thé thu duge gid tri nang lugng clia biic Xa y vdi sai s8 chi khoang 1%.
Hinh 15.14 cho mot vi du vé phé v cla 'YCs. Dac trung clia pho y 12 cyc dai hap thu lién quan
véi hiéu ing quang di¢n (photopeak), bdi vi chi & hiéu ung quang dién tia y mdéi mat toan bo

nang luong clia minh trong mot tuong tac. Lién quan v&i hieu tng Compton ciing quan sit dugc
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dai Compton & cac nang tuong thip. O 'Cs chi quan st duge mot cuc dai hip thy, con & “Co
¢6 hai cuc dai (hinh 16.15). diéu dé chimg (o ring tia ¥ cia '*'Cs 1a don nang (£ = 0,66 McV)
con “Co phét ra nhitng chiim ¥ ¢6 nang lugng khic nhau (1,17 va 1,33 MeV). Hinh 15.15 gidi
thiéu pha v ctla *'Co ghi bing hai loai detecto (delecto tinh thé Nal va detecto ban dan Ge (Li)}.
C6 thé thiy ring cic delecto bin din ¢ do phan gidi cao hon nhiéu. Diéu d6 ¢6 ¥ nghia quan

trong khi cac muc nang lugng clia tia y nam gdn nhau.

Phuong phip rit chinh xdc d€ xdc dinh nang lugng bidc xa v 1a phuong phdp quang pho
tinh thé hay quang phé mang, ¢ d6 cdc tia y khic x4 trén mang tinh thé giéng nhu trong trudng
hop tia X.

15.6. TUONG TAC CUA BUC XA NOTRON VOl VAT CHAT
15.6.1. Phin loai notron theo nang lugng

Natron thodt ra trong qua trinh tir phan hach clia ¢ic hat nhan nang. né déng vai tro
quan trong trong cdc phan ting hat nhan, dac biét Ja trong su phan hach.

Nang lugng cia notron quyét dinh vai tro cua cdc dang tuong tic cia nd val vat chat, vi
thé, oy theo mic nang lugng, ngudi ta phan chia notron thanh cic dang sau day:

0 - 0,1 eV: Notron nhiét (nang luong chia chiing so sanh duge v6i nang lugng chuyén
dong nhiét cua cde phan tu khi & nhiét do thuong);

0,1 - 10G eV: Notron cham;

0,1 - 100 keV: Notron ¢é nang lugng trung binh;

0,1 - 10 MeV: Natron nhanh.

Piéu ding luu ¥ 1a cdc cuc dai hap thu trong tuong 14c cua notron vol vat chat quan sat

duge & cdc notron vdi nang luong nam trong khoang | ¢V dén 1 keV. Cic natron cd nang lugng

nam trong khoang | eV dén | keV, vi th€, duge goi la notron céng hucng.
15.6.2. Twong tic cia bife xa notron véi vat chat

Notron khong mang dién nén tuonyg tdc rat yéu vdi electron, vi thé su ion hod true ti€p
do tic dong ca notron ¢6 thé b qua. Tuong tdc cia notron vo1 vat chit gidi han chi y&u § cic
tuang tdc v&i hat nhin, bao gdm cidc va cham dan hdi, va cham khong dan hoi véi hat nhan va
cdc phan tng hat nhan. Trong cdc va cham dan héi, tdng niang lugng dong hoc cua hé khong
thay d6i. Trong va cham khéng dan héi mot phdn nang lugng déng hoc chuyén thanh nang
tuong kich thich cia hat nhan.
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Khdc véi proton, dotoron, hat a va cdc hat tich dién khac, notron khong chiu lye day
Coulomb cua hat nhan. Cic notron ¢é nang lugng thip (notron cham va notron nhi¢t) bi hap thu
rat manh bdi mot s& 16n hat nhan, gdy ra céc phan tng hat nhan. Cédc chét hap thu notron manh
dién hinh la B, Cd, Sm, Eu, Gd va Dy.

Céic notron nhanh mit nang Iwong chu véu trong cdc va cham dan hdi va khong dan héi.
Nang luong ma notron truyén cho hat nhan khac trong méi va cham dan hdi phu thuoc vao géc
va cham va ¢ gid ) cuc dai trong va cham xuyén tam la 44F /(A - 1), wrong dé E, 14 nang
lugng cia netron trude khi va cham, A 1 nguyén i hugng cda hat nhan ding lam bia. Cdc chit
¢6 chifa cic nguyén tir hydro nhu nude, parafin 12 moj truding c6 hiéu qua nhat dé lam gidm bot
nidng lugng clia notron nhanh. Khoang 20 va cham vdi cdc proton di dé lam mét notron nhanh
¢6 nang jucng | MeV trd thanh notron nhiét. Mot 16p parafin chiéu diy 20 cm ciing ¢6 tic dung
tuong ty. Graphit cling thudmg duge ding lam chat lam cham. 120 va cham véi cdce hat nhan
cachon ¢6 hi¢u qua tvong duong 20 va cham véi cic hat nhan hydro. Sau khi mét phan 16n nang
lugng cGa minh, notron bi hat nhan hip thu va xay ra phin (ng hat nhan. Bén thin cdc notron
nhanh ciing ¢4 thé gay ra phin (tng hat nhan nhung véi xdc suat rit nho.

Su phat hi¢n céc chiim notron dya trén cdc qua trinh jon hod do cdc sian pham clia tuong
tdc notron véi vit chat sinh ra.

15.7. CAC HAT SO CAP CO DGI SONG NGAN TRONG CAC NGUYEN TU
VA PHAN TU

Trong muc 8.3 chiing ta di dé cap dén cdc hat so cdp c6 doi séng ngan nhu pozitron,
muon, pion, kaon hodc cdc hat xicma (sigma) ¢6 thé din dén sy 1ao thanh cdc nguyén tir hoac
phan tir la (exotic atoms and molekules). Mot proton trong nguyén tir hydro ¢6 thé bi thay thé
b&i mot hat so cdp tich dién duong nhu pozitron hodc muon tao thinh nhilng nguyén it la c¢é ciu
tao tuong ty nguyén tr hydro. Nguyén tir la ¢6 doi song ngin bao gém mot pozitron va mot
electron goi la pozitroni (e” e), ky hiéu la Ps. Nguyén tir bao gém mot clectron va mot mezon

i, goi 1a muoni {(p'e’).
15.7.1. Pozitroni

Nguyén tir pozitroni {e'e” = Ps) cd dang it nhiéu tuong tu véi nguyén wr hydro, ¢6 thé
ducc coi 1a nguyén ur nhe nhdt, & dé ¢* vd ¢ quay xung quanh mét trong tam chung. Cic

nguyén tir pozitroni duge hinh thanh khi pozitron bi hap thu bai vat chat. Ching han, khoing

30% cdc hat pozitron bi hap thu boi argon {Ar) s€ tao thanh cdc nguyén s pozitroni:

e+ Ar > Ps + Al (15.28)
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Nhu da néi & muc 8.3, pozitroni ¢6 hai dang: octhopozitroni (o-Ps), cfing goi 1a wriplet
pozitroni, & d6 spin cla electron va pozitron i song song, va parapozitroni {p-Ps), con goi la
singlet pozitroni, ¢ dé spin cta electron va pozitron doi song. Ba phin w pozitroni thute dang
octhopozitron, ¢6 doi séng trung binh 1,4.107 s, sau d6 bi huy. Mdt phan tu 1 parapozitroni cé
doi s6ng trung binh 1,25.10™s. Hang s& phéan rd cua triplet pozitroni 1a 8.10” s, con dang
singlet 14 7.2.10% s"'. Khi tuong tdc vdi vat chdt thoi gian séng clia pozitroni bi thay ddi manh.
Céc g6c chia electron chua ghép doi, chang han NO gay ra su chuyén hod o-Ps thanh p-Ps ¢6
doi séng ngin hon nhiéu.

Trong tuong tac véi nhiéu chat hod hoc, Ps phan g twong ty nhir hydro (xem muc 8.3).

15.7.2. Muoni

Cic nguyén tir muoni (pe’), hinh thanh khi cdc muon tich dién duong bi hap thu boi vat

chdt, ¢6 nhiéu diém gidng voi cdc nguyén wr pozitroni.

Nguge lai, cdc nguyén tir muonic (p*w), hinh thanh khi cic muon tich dign am bi hip
thy bai vat chat. Trong cdc nguyén tr niy, cdc muon thay thé cho cic electron trong 18p vo
nguyén tir. Vi khoi lugng cta cdc muon am I1én hon nhiéu so véi electron, tuong tic cda ching
v@i hat nhian manh hon nhiéu so vai tong tac cla electron véi hat nhan. Vi the, cdc muon duce

dung lam phuong tién dé€ nghién cru cac tinh chat cda hat nhan.

Ngusi ta con du dodn 14, trong ion ctia cac phidn tir muonic, phan \ing gita cdc hat nhan
1a thuan lgi vi khoang cdch gilfa cdc hat nhan rat nho, tic 1a dé xdy ra cdc phan tng téng hgp
nhiét hat nhan. Nhu vay, cé kha ning ti€n hanh cdc phan img tdng hop hat nhan & cdc nhiét do
tuong d6i thap, viao khoang {0°K, goi 12 cdc phin dng t6ng hop lanh, trong khi phén img 16ng

hop hat nhan néng dién ra o 10°K (xem muc 8.3).
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CHUONG 16
PO PHONG XA

16.1. HOAT PO PHONG XA VA TOC b0 DEM

Hoat do phéng xa (16c do phian ra) A 1a dac truag co ban cua cdc chat phong xa va duoc
do bing cac thiét bi khac nhau. Nhitng thiét bi do phéng xa duoc thi¢t ké nham muc dich dém
duge s6 phan rd phong xa da xdy ra trong mét don vi thai gian. Nhung nhimg gia tri toc dé dém
ma cdc thi€t bi niy dua ra I' khéng chi phu thudc vao hoat do phéng xa A, ma con vao cd h¢ s6
dém toan phan n cia thigt bi va 8¢ Ao dém phong {:

F'=ir+l,=na+1, (16.1)

Thudng thudng, 16¢ do dém duge do bing s6 dém trong mdt phit (counters per minute,

viél tat la cpm).

f=1-1,1a16c do dém trir phong can phai do dugc cia chil phéng xa. [, 1a 16c do dém
nhan dugc khi khéng ¢6 mit mau do. N6 ¢6 ngudn gde 1a cde bie xa clia moi rudng, bao gém
cac vat li¢u quanh mdy do vi cdc tia vii try. Khi méau do ¢é hoat do phéng xa thip, toc dé dé€m
phong 1, c¢é thé 1a phin ding ké trong /. D¢ dim bao do chinh xdc cha phép do, cdn ¢6 nhing
bién phdp dac biét dé giam phong.

Hé s6 dé€m toan phan 1 phy thude vao céc tinh chat cla tia phéng xa va phuang phap do.

Véi hé 56 dém toan phin n khéng doi, téc do dém trir phong (7 = I' - 1) ty 1é thudn véi
hoat do phéng xa va viéc biét téc do dém nay 1a hoin toan du cho mot s6 muyc dich nhat dinh

nhir xdc dinh chu ky bdn huy, #ing dung hat nhian phéng xa dé danh dau hodc do hoat d6 tuong
doi.

Hinh 16.1 trinh bay su phu thugc thdi gian (¢) cua logarit hoat do tuong doi, thudng goi
[ duémg phén rid phéng xa va ducc sir dung dé xdc dinh thai gian bén huy.

Téc do dém 7 clia miu chita mot vai phong chit phong xa 13 16ng tée do dém clia cic
chat phéng xa riéng ré:

I=h+L+..=nA+n4 +.. (16.2)

Néu 56 chit phéng xa khdc nhau ¢6 trong miu la khong nhiéu, ¢6 thé dung duoe dudmg

phan rd cia mot tap chat chua biét trong hén hop, bang cich 1y dudng phan rd toin phin cia

méu trir di cdc dudng phan rd cla nhitng chat con lai da dugc biét trong hdn hop, nhd thé ¢ thé
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xdc dinh duoc thoi gian ban huy cha tap chét va nhan ra tap chat nay.

10

10

Toc do dém |
—
Q

Thoigian -

Hinh 16.1. Pudng bién thién t6c do dém theo thoi gian (dung dé xdc dinh thai gian ban huy).

A
1 1 Jyd
N ]

Téc do dém 1

Thdi gian —~
Hinh 16.2. Dudng bién thién 16c do dém theo thoi gian ctia mot hén hgp hai chat phéng xa.

Su phan tich cdc duong phan rd ¢é ¥ nghia thuc té€ quan trong trong nghién cttu do tinh
khiét ctia cdc chat phéng xa. Hinh 16.2 gi6i thiéu vi du vé hon hop chifa hai chét phéng xa.

He s6 dém toan phén 1 trong phuong trinh (16.1) phu thuoe vao tan s6 H clua dang phéan
ra duge do trong mdi lién quan véi hoat do phéng xa, vao do tu hap thu (S) cta tia phong xa boi
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chinh mau do, viilo mic d¢ 1dn xa nguce (B), vao cich bé tri mau so véi diu do (G), vio su hédp
thy tia phong xa cia khong khi va cdc clra s6 buéng do (W), vio hé s6 dém trong 7; cua ong dém
va vao 6 hi¢u chinh D cho thoi gian chét cua éng dém:

n=H(-531L+BG(-Wyn(l-D) (16.3)

Tr phuong trinh (16.3) ¢4 thé thdy ring he s6 hap thu toan phin giam khi tang do ty hap
thu, sir hap thy ctia khong khi va cdc cita s6 budng do, thai gian chét elia ong dém, nhung tang
lén kht tang dé tan xa ngurgc.

H¢ s6 d€m toan phin n thay doi tr 0,01 dén | wy theo loai bic xa, nang luong cla

chang va dang éng dém duge sir dung.

P06 1 hip thu phy thuge vio bé diy cha miu do, thutmg 16n doi véi tia o va tia (3 rang
lugng thap, nhung 6 thé bo qua d6i vai tia y. Mot vi du 1a d6i vdi mau CaCO, chita “Ca. khi do

ddy clia mdu tang lén dén 50 mg/em?, do r hap thu bue xa [ tang lén t6i gia tri § = 0,78.

Su tdn xa ngugc ¢6 the gép mot phin ddng ké vio hé s6 dém 1 khi do bic xa 3, néu mau

duoc dat trong cdc vat liéu cd nguyén tir s Z 1én.

Anh hudng cla cdch bé tri khong gian ciia hé do ducc minh hoa trén hinh 16.3, 0 d6 chi
$0 G duge cho bing géc khei Q/dn,

Giong nhu tr hdp thy, sy hdp thu trong khong khi va trén clta $6 cia ong dém (W) dor
vl cdc tia 3 nang lugng thip (A rit 16n, vi thé ioai tia nay phdi duoc do trong cic mdy do ¢ cira

$0 nho hoidc khong ¢6 cia s6.

Tuy theo loai tia bic xa va dang Sng dém, hé s8 dém trong n; thay doi rat nhiéu tir 0,01
dén 1,0,

| Detecto

e

LR ¢
- ST

o

T May phong xa

Hinh 16.3. Anh huong ciia cich bs tri khong gian cua hé do (chi s6 G
dugc cho bang géc khai C3/4n),
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Thoi gian chét clia mot ng dém i thoi gian hoi phuc can thiét cua nd, trong khoang
thiri gian &y cdc bign ¢d s& khéng duge ghi lai. Cic dng dém Geiger - Mueller ¢6 théi gian chét
twong d8i dai vae ¢d 100 - 500 ps. S8 cdc bién ¢d khong duoc dém duge tinh bing cong thic:

I-1% = I¥4(1 - I*1) (16.4)
trong do: £ - thén glan chét,
[ - 16c do dém diing néu théi gian chét t = 0;
I* - toc do dém do duoc.

Tir biéu thiic (16.4) ¢6 thé thdy rang s6 cdc bién cd khong duge dém tiang 1én khi thoi

gian chét va toc do dém do duce tang tén. Quy luat &y duge minh hoa trén hinh 16.4.
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5 5000 . oo L L ﬁisk;& o // =
o 2000 L / %é/%
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Cac xung khéng duge dém (cpm) —w=-

Hinh 16.4. Su phu thuoc cia 58 xung khong duge dém vao thai gian chél
vi toc do dém ghi dugc.
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16.2. CAC LOAI DETECTO

B& phan chinh cha thiét bi do phong xa 1A mot detecto (ddu do). Cic detecto hoat dong
dua trén sy jon hod hoidc kich hoat cdc phan tir chat khi heldc chit ran do tic dong cha cdc tia
phong xa. C6 thé chia cic detecto thanh ba loai chinh:

- Petecto chia khi;
- Petecto nhap nhiy;

- Petecto bin dan.

16.2.1. Cac detecto chita khi
16.2.1.1. Nguyén ly hoat dong ciia cdc detecto chita khi

Cdc detecto chita khi di dugc sit dung ngay tir giai doan phat trién ddu tién cua hod
phong xa, hoat déng dua trén tic dung ion hod cdc chat khi cia tia phong xa, vi thé cling thudng
duoc goi 1 cde detecto ion hoi. Bite xa jon hod di qua chat khi lam xudt hién nhimng vét cla cic
cap ion (ion duong va electron ty do). Trong dién truding cdc ion duong va cic electron chuyén
dong theo cac hudng nguge vdi nhau, Chuyén dong clia cic electron va cdc ion duong tao thanh
dong dién ¢6 thé do dugc. Hinh 16.5 12 so d6 nguyén tic cia thiél bi do phéng xa véi detecto ion
hod chita khi. Thutng detecto duge ché tao & dang ong try ma thanh 6ng ddng vai trd catot con
mot day dan dat 0 tam, chay dai theo truc hinh tru déng vai trd anot. Khoang cdch giita anot va
catot ¢ mot vai em. Cac electron mét khodng vai ps dé 161 duge anot, con cdc ion duong chuyén

dong cham phai mat mot vai ms mdi tdi catot.

!Betecto
Von ké @ ¢ @Ampe ké
Tia phéng xa
i
Ngudn dién

Hinh 16.5. So d6 hé do sir dung detecto ion hod nap khi.

Tong s6 cdc cap ion di tdi cdc dién cuc va do do chiéu cao cla xung quan sat dugc
trong mach do phu thudc vao cuong do dién trudng, tic 12 vao dién th€ dat 1én cdc dién cuc cua
detecto, Hinh 16.6 mo ta sur phu thugc chiéu cao clia xung vao cudng dé dién trudng. 3 nhimg
cudng do dién trudng thap, cc electron cé thé 1ai két hop véi cdc ion duong (viing tai két hop

250



mot phin). Khi ting dién thé, tat ca electron déu dén duroe dién cuc va nguoi ta quan sat duge
gid tri dién thé bio hod. day chinh la viing lam viéc cla budng ion hod. Vi cic hat o ¢ ning
sudt ion hod cao hon nhiéu so v&i hat B, chiéu cao xung do hat o gay ra trong budng ion hod cao

hon nhiéu so véi hat B.

Méi hat o mat nang lugng khi di qua budng ion hod vataora N = E/E, ion, trong do £,
1a nang luong ciia hal o, con £, 1a nang luong tiéu ton cho sy hinh thanh mot cap ion. Trong
khong khi £, = 3,5 eV. Nhu thé mot hat o ¢6 nang luong £, = 3,5 MeV sé tao ra 105 cép jon,
tvong duong véi mot xung dién 10 - 14 A.s, c6 thé do duoe nhdy cdc mdy khuéch dai manh.

Nguoe {ai, xung dien do hat ( gay ra nhd han 10 ldn so v6i hat a va rit khé do duoc.

Tuy nhién, & nhitng cudng do dién truong 1dn, trén dudng di vé dién cue cdc electron co
thé duge gia t6c va ¢6 nang lrgng 16n dén mudc <6 thé tao ra cdc electron thit cip, khi va cham
v6i cdc phan tr khi. Hicn tyong nay lam tang chiéu cao cua xung {xem hinh 16.6) va duge goi la
st khuéch dai khi. Nhr su khuéch dai nay, chiéu cao xung tang khi cuong do dién trudng 1ang ,
trong mot khoang thay doi rong cla cudng do dién trudng, thudng duge goi la khoang 1am viée
chia ong dém ty le. Mot day din ¢é dudng kinh nho, khodng 50 um duge sit dung dé thu duge
cudng do dién trudng cao nhu viy. Trong khoang cudimg do dién truong nay, chifu cao xung ting
1én mat thira s6 bang ty 6 giita 56 clectron thi cap va s6 electron so cdp. Ty s6 nay phu thudc
vao cudng do dien trudng va thay déi trong khoang 10 - 10%. Vi cdc hat o c¢6 nang sudt ion hod
160 hon nhiéu so vai hat B, & cling mot hé 56 ty I¢, chiéu cao xung ctia hat o 16n hon nhiéu, nén
tia a cd thé do duge khi déng thai cé mit tia . Bire xa o duge do & cée dién the thap (cuong do
dién trudng nho) con bic xa B duoc do & cdc dién thé cao. Chiéu cao xung do duge véi cic Ong

dém ty 1& thudng vao ¢cd mV.

Khi tiép tuc tang cudng do dién trudng vuot qua ving dém ty ¢ (xem hinh 16.6), 56
electron di vé catot khong phu thudc vao s6 cép ion so cdp sinh ra do tic dung coa tia phdng xa.
Dé 1a ving lam viée cia ong dém Geiger - Mueller. Tai viing cudng dé dién trudng cac nay, cdc
cap ion, dit do loai bifc xa ndo gay ra, déu ¢ nang luong dit cao dé gay ra hang loat sy ion hod
thit ¢p, tao ra sy tang lén nhu thdc 1 cha 6 cap ion, mi két qua 13 chiu cao xung tang 1én dén
c& mot vai von, cd thé do dugc khong can qua khuéch dai. Khi cuong do dién trudng tang thém

nita, sut phéng dién ti€p tuc x4y ra khong lién quan vai anh hurdng cla tia phong xa.

Do su t6n tai clia ba viing lam viéc cla cdc detecto chita khi tuong ting véi ba khoang
cutng do dien trudng khdc nhau, ngudi ta ché tao ba loai detecto chira khi khac nhau: budng ton

hod, ong dém ty 1& va 6ng dém Geiger - Mueller.
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Hinh 16.6. Su phy thude chidu cao xung vao cudng do dién truéng
16.2.1.2. Buong ion hod

Céc buodng ion hod duge ché tao theo nhiéu dang khic nhau, chang han buéng ion dang
lrdl, budng vong chan, budng dong ion hoic budng ion tich phian. Thudng thudng cdc dicén cuc
Ia hai tdm kim loai dat song song trong budng kin chita khong khi hodc khi higm. Vi phai do cdc
xung ¢é chiéu cao nhd, do cdch dién cao gilra hai dién cyc cd vai rd dic biét quan trong. Cic
buéng ion hod thudng ding &€ do cic ngudn o, cdc khi phéng xa nhu radon vi cdc méanh phan
hach. N6 ciing duge ding d€ chudn cic ngudn phéng xa, kiém sodl va do liéu trong bio vé

phéng xa.
16.2.1.3. Cdc dng dém ty Ié

Vé nguyeén tic, cdc 6ng dém ty 1é 12 mot 6ng hinh tru gin kin déng vai trd catot, bén
trong ¢6 mot soi ddy nhé lam anot va mot clra $6 hep, nhung trong thuc 1€ thudng duge ché tao &

dang &ng dém dong, ¢é so dd ciu tao nhu trén hinh [6.7. Trong loat 6ng dém nay, ngudi 1a thadi

qua 6ng mot dong khi, doi khi duge goi 1a khi dém, thudng 14 khi metan hoic hén hgp metan véi
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argon va dua miu do vao trong ong dém. Dién thé giita hai dién cuc thay doi uong khoang tir 2
dén 4 kV, tuy theo bdn chat va dp sudl cta khi dém.

Cdc ong dém dong khong 6 el s0 rat thich hop vdi viee do cdc tia ¢ va do tia 3 niing

lugng thap.

Nguoi ta cling ché tao cdc ong dém dong ¢6 chi s6 G (lien quan dén cach bs tri khong
gian cla mau so véi diu do) cao va xdc dinh, chang han céc 6ng dém dong cé goc khéi 2n vi
4m, mid mat cat cua ching duge mo td trén hinh 16.8. 6ng dém dong 2n ghi dugc mot nira téng
cdc tia phong Xa, trong khi éng d€m 4n ghi duge toan bd cdc tia phong xa phat ra 1r mau do, nh

cdu tao ¢ hai day anot dat & hai phia cua mau,

I-— CHhoac Ar

—

Anot

Catot

N/

Mau phéng xa

o

Hinh 16.7. S0 dé hoat déng cua dng dém dong.

6ng dém 4= thuomg dimg dé do hoat do tuyét d6i A clia chat phong xa, vi vdi 6ng dém
nay, hé s6 dém toan phdn 7 trong phuong trinh (16.3) ¢6 thé dat duge gid trin = 1,0.

Cic 6ng dém ty 1é ¢6 thoi gian chét chi vai ps, nén ¢6 thé do duge cdc toc do d€m cao
voi that thodt khong ding ké.

Cic 6ng dém ty 1¢ c¢d hé s d€m trong n, d6i véi tia y nho, chi vao cd 1%, nén khong
thich hgp cho viéc do biic xa y. Tuy nhién, cdc Ong d€m 1y 1¢ dugc thit k& dac biét va lam viéc &
4p suat khi cao ciing duoc diing dé€ do pho tia X va tia ¥ ¢6 ning lugng thap.
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Hinh 16.8. So d6 mat cit ca cdc 6ng dém 2 vi 4o

16.2.1.4. ()lng dém Geiger - Mueller

6ng dém Geiger - Mueller lam viéc 0 cic dién the wong doi cuo, 161 v kV. S lan
truyén nhu thic 1 cua qud trinh ion hod khang chi din dén sy tao thank mot hugng khéng 16 cdc
cdp 10n thit cap ma con gy ra ca nhimg hiéu ing quang dién theo co ché sau day: Vi cic ion
duong chuyén dong cham hon nhiéu so v8i ¢ic electron, s trung hod cdc electron tai soi day
anol gay ra sy bic xa cdc photon, cdc photon ndy lai tdc dung véi chat khi gy ra su bic xa cic
photoelectron, Cac photoelectron nay lai cham ngoi cho mot ddng thic mdéi. Qui uinh cd tép
dién cho tdi khi 16p ion duong nam gin sat bé mat soi anot bao boc kin anot, lim giam cudng do
dién trudng dén mic cic bién ¢ tiép theo khong con dém duoge nita. Dé cham ngdi cho mot dot
“thac” mdi. phai cho khoang 100 - 500 ps, 1a thoi gian di dé céc ion duong di chuyén (61 bé mat
catot. Khoang thdi gian trén 1a théi gian ¢hét cta ng dém, no chinh 1i thoi gian cdn thiét dé qua
trinh ion hod dang "thdc” hdi phuc wrd lai. Vi thé, khi st dung éng dém Geiger - Mueller cin

phai im cach giam thiéu anh hudmg bit lgi cla céc ion duong.

Thong thudng, dé 1am qué trinh ion hod dang "thic” ditng lai, ngudi ta dua thém vao khi
chinh trong 6ng mot chat khi goi 1a khi dap tat, chang han hoi cia cdc phan tir da nguyen tir nhur
etanol, ete, etyl fomiat, mctan, hoi bromua hoic clorua... Vi cac hop chal niy co nang lugng ion
hod thip, cic ion duong dé dang nhudng dién tich cho cac phin i cia cac hop chat dé. Cic
phan tir nhan duge dién tich duong lai dé dang bi mat ning Iuong do cdc qué 1rinh phan ly hoic

tién phan ly. Cdc clorua va bromua hitu co ¢4 kha nang hap thu manh cé cdc bic xa photon réi bi
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phan ly, tdi két hop va chuyén vé trang thdi ca ban qua mdt chudi cdc trang thai kich thich ¢o
nang lugng thap (xem chuong 17).

Khi phéng xa
+
s {HZhat 16ng phong xa kQ7 .
! HI choiTo N
[——I ’_‘ L‘[ T | ‘ [’Jf ™
ey Ay F = T ! H I \
¢ 41 i Ay e : ]
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S
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Cira s6 mica o I ] |
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:_/ 0,1 mm F‘ m i______J
] B il
= - . 2 om. | I\ i —
Ong dem cua so day Ong éém dang nhing f { ! S / QJ?L)
. ¥ i U
. , ¢
Ong dém do Ong dém
chat Iéng phéng xa do khi phéong xa

Hinh 16.9. Mot 56 dang éng dém Geiger — Mueller.

Nhu da ndi ¢ trén, thai gian chét cua dng dém Geiger - Mueller thay déi trong khoang
100 - 500 ps, va do d6 s6 bign c6 khong duge dém la tuong doi 1dn kht toc do6 dém 1a 1ém (& cdc
mau ¢ heoat do phong xa cao, xem hinh 16.4). Céc khi dap tit hitu co duge nap din sau khoang
108- 109 lan d¢m.

Uu diém can ban cha 6ng dém Geiger - Mueller 13 & chd né khd don gian va khong cin
¢6 bo phan khuéch dai tin hiéu. Cic 6ng d€m chira khi dap tit halogen ¢6 thdi gian sir dung lau
hon, ¢6 thoi gian chét ngdn hon va ¢6 dién thé 1am viéc thdp hon. Céc 6ng dém Geiger - Mueller
¢6 cira s0, vi th€ khong thich hgp cho viée do cdc tia o vA cic tia B nang Iuong thip. Cic birc xa

¥ ¢6 thé do duge voi hé s6 dém trong nhd vao c& 1%.
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Hinh 16.9 gidi thiéu mot s6 dang ong dém Geiger - Mueller. Loai 6ng dém mot ddu 1a
clra $6, c6 cira $6 mica tir 1,5 dén 3 mg/fem’, Ja mot dyng cu rit don gian, duge sir dung nhiéu
nhit. Ong dém nhing va 6ng dém c6 cde thuy tinh bao ngoai ding dé do cdc chat phéng xa

dang 16ng, 6ng dém khi ding dé do do phéng xa clia cic chat khi.

16.2.2. Cac detecto nhap nhay

Nhitng bo phan chinh cda mat éng dém nhap nhdy duge phidc hoa trong so dd ctia hinh
16.10.

Tinh thé nhap nhay _ Photocatot

Gng nhan quang

Nap béo vé

Hinh 16.10. So d6 cin tao cla mdt detecto nhap nhdy.

Khic vé1 detecto 1on hod, hoat dong dua vio tic dyng ion hod cic chit cha tia phong xa,
detecto nhap nhdy hoat dong dua trén sy chuyén céc phan (r sang trang thdi kich thich khi nhan
duge ning lugng cua chiim phdng xa.

Nguyén 1y hoat dong clla mot detecto nhap nhdy ¢6 thé t6m tat nhu sau: Khi chi€u cdc
chiim phéng xa vio mot s6 tinh thé trong sudt hodc cdc chal léng (goi 1a cdc chat nhip nhdy),
cdc chil nay hap thy cde ta phéng xa, chuyén sang trang thdi kich thich, réi khi chuyén trés lai
trang thai co bdn thy phdt ra cdc photon. Cdc photon nay téc dung lén photocatot {catot quang
dién) cua Ong nhan quang (photomultiplier) Jam xuat hién cic electron. Nhd mot dién k& nhan,
dong electron duge nhan 1én thanh cdc xung c6 chiéu cao vaii mV. Mot s¢ chat nhip nhdy rin va
long va tinh chat cla chiing duge hiét ké trong bang 16.1.

Cic 6ng dém nhap nhdy ddu tién duge st dung dé do tia y va tia B nang luong thap. Khi
do tia y ngudi ta diing cic tinh thé nhap nhdy ddy, c6 khéi luong riéng 16n nhim hap thu t&j da
tia v. Céc tinh th¢ Nal hodc CsI ¢6 tap chit hoat hod 1a mot ltrong nho T1 ritl phit hop véi yéu cdu
dé. Var kich thude 2,5 - 5 cm né ¢6 hé s6 dém trong n, tlr [5 - 30%, cao hon nhiéu so vai hé s
dém trong dat dugc d6i véi tia y véi cac Ong d€m chida khi. Cic tinh thé duge gia cong tét cé géc
khéi gan 4x.
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Bang 16.1. Tinh chat cia mot s6 chat nhap nhdy ran va Iong.

L ome | 2, | Chicweso | [WERIS T e
Chat nhap nhiy riéng (n';‘]"]‘) lqung ddi thii kich thich cho loai bitc |
9 cua Xung : Xa |
(glem’) i {ps)
Tind thé vé cer _ - _
Tinh thé Nal(Tl) .67 410 210 0.175 Tiay
Tinh the CsI(Tl) 451 500 35 0,770 Tiay
ZnS(Ag) ) 4,09 450 100 7 i Tia
Tinh thé hitu co |
Antraxen 125§ 440 100 0,022 Tia [
frany-Stilben 1.16 410 60 0.004 Tia B
p-Terpheny! 123 400 40 0.004 Tia $
Cde char long 1 B
p-lerphenyi (5 gt trong 1/ 355 15 0.0015 Tiap nang
toluen _ 1 lugng thap
2.5-Diphenyloxarzol {3 ) 182 40 0.002] Tia 3 ”"_“f‘.g
trong 1 {1oluen - . ~ ] luong thap

Pé do tia [ nang lugng thap hoac cdc nguon tiy X hode v véu. nguoi L thay cde tinh thé
bang chat long va hod tan miu trong chat 16ng nay. Khi &y, su 1 hdp thu cla méu, su hdp thy

trong khong khi va cia cde clra s6 cfing nhu tdn xa nguoc déu duoe Toui bo.

Dé chuan b cdc chal 1ong nhap nhdy, ngudi ta hol tan chat nhap nhdy s cip, va khi ¢in
thiét ca chat nhdp nhdy thit cap. vio mot dung moi thich hop réi dua vio dé dung dich chita miu
phong xa. Viec sur dung chét nhip nhdy thit cdp 1a can thi¢t khi chat nhap nhiy so cdp (ching
han 2,5-Diphenyloxazol} phdt ra cdc photon ¢6 do dai séng qud ngin so véi dng nhan quang.
Trong trudng hop dy, chat nhap nhdy thit cdp (ching han p-bis[2-(5-phenyloxazolyl)jbenzen)
chuyén do dii song vé cdc gid tri did hon, phil hop véi dng nhan quang. Nauoi ta thudng ding
cac chat hitu co lam dung moéi nhur toluen, benzen, p-xylen hoac dioxan. Néu mau duge dua vio
dudi dang dung dich nude, can chon loai dung moi ¢6 thé hoid tan duoe nude. Tuy viy, méiu do
ciing ¢6 the duge dua vao dudi dang nhii tuong, dung dich keo, doi khi ca dusi dang cic ménh

gidy ¢6 tdm miu phéng xa.

Cdc chill la duge dua vio h¢ do, chang han nude trong dung dich hoi tan méu, thudng
lam gidm cuong do sing philt ra wic la gidm hiéu qua dém, ¢6 thé thay déi dung phd, gay ra hicu
tmg dap tat (quenching effect). Vi the lugng chat la dua vio hé chi ndm trong gi6i han duoc

phép.

Binh dyng miu hodc binh chudn cdn phdi trong suét doi véi bude séng duoce sit dung
irong 6ng d¢ém nhap nhdy, dong thoi khong bi dung moi an mon, Ngudi (a hay dua binh dung

mau vao gilta hai 6ng dém dé thu duoc hi¢u qua dém cao hon. S& dyng cich b6 tef nhir vay, iéng
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6n nhi¢t (thermal noise) cha 6ng nhan quang ¢é thé duoc giam dén cuce tiéu nho mot so db doi
tring phuing: ngudn chi y&€u gay ra ti€ng 6n nhiét 14 cdc electron nhiét duge phit ra mot céch
bita bili va dugc ghi lui chi b& mot Sng nhan quang. trong khi céc phan rii phéng xa duge dém

bing ca hai 6ng nhin quang.

Loi the cdn ban cua d&€m nhap nhdy long 14 hiéu qua dém tuong déi cao, 161 90 - 100%

s0 phan ra.

Cdc tinh thé hitu ¢ nhu antraxen cé thé ding trong dng dém nhap nhdy dé do cdc tia 3
ning lugng trung binh va cao. nhung khéng t6 ra ¢é wu diém gi ndi bat so véi céc foai detecto
khéc.

16.2.3. Cac detecto ban dan

Ciic detecto ban din ciing hoat dong dua trén tdc dung ion hod vat chdt cha cdc tia
phéng xa, giong nhu cic detecto chiva khi. Vi thé€ dé phan biét véi cdc detecto chita khi, doi khi
ngudi ta goi detecto ban dan 1a detecto ran, nhung né khic véi cic loat detecto ran khic (nhu
detecto nhap nhdy ran, detecto vét ran} ¢ bin chdt ban dan cla minh. Cic detecto bin dan duoce
(mg dung rat rong rai trong nhimg thap ky gin day, dac bi¢t 1a trong do phd tia X vi tia y va xdc
dinh céc hat sinh ra trong cdc phan ing hat nhan. Ciing nhu & buéng ion hod hoac ng dém ty
&, tia phéng xa do dugc qua s6 cdc dién tich xudt hién gira hai dién cuc rén detecto do tdc dong
cua cdc tia phong xa. Trong chat ban dén, cdc dién tich ‘nhu vay 1a cdc electron tu do va cic 16
hong. Tia phéng xa 1am cho mot 56 lugng nhat dinh clectron chuyén tir vilng hod trj sang viing
dan, dé lai mot s6 twong dong cdc 16 hong. S6 luong cdc cap clectron - 16 héng phu thuoc vio
nang luong ma tia phdng xa truyén cho chél ban dan. Khi nang luong clia céc electron du 16n,
chiing ¢6 thé lam xual hién cic cap electron - 16 héng méi. Qud trinh nay xay ra trong thoi gian
I - 10 ps. Dudi tdc dung cia dién trudng, cic electron va 16 hong di chuyén vé cic dién cuc tao
thanh cdc xung dién c6 thé do duoc.

Ciing giéng nhur ¢ detecto chifa khi dd mé ta & doan trén, & d6 ngoat su ion hod, con cd
mot phdn nang luong cia tia phoéng xa danh cho su kich hoat hoac phan ly céc phan 1, 1rong
truong hop detecto ban dan ciing chi mot phin nang hrgng cua chum phéng xa duge dimg cho
sy san sinh cdc cap electron - 16 hong, con phan khic cho sy kich hoat cac dao dong ciia mang
tinh thé. Cdc vat liéu thudng diing nhat tam detecto do bire xa hat nhan 3 Si va Ge. (§ nhiét do
phong, d6 chénh léch nang luong gilta viing hod tri v vang dan cla Si 1a 1,09 eV, ctia Ge 13 0,79
eV, trong khi nang lugng tong cong can ¢é cho ca sif tao thanh cap electron - 16 hong lin kich
hoat mang tinh thé 1én (¢ 3,6 eV §Siva 2.8 eV § Ge.

Tuy nhién, néu so véi nang lugng cin ¢6 dé tao thainh mét cap ion trong detecto khi
(=35 eV) thi nhimmg gia tri nang luong néu trén van la ril thip va vi thé so luong cdc dién tich
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xudt hién trong chat bdan dan 16n hon nhiéu so véi trong detecto chita khi. Hé qua tat yéu 1a, 6
detecto ban dan. bi¢n thién théng ké cia chi¢u cao xung la nho va do phan giai nang lugng sé
16n. Chinh vi viy, detecto ban dan rat thich hop cho viée xdc dinh nang lugng cta mei loai tia
phong xa vh cia cac hat mang dién sinh ra trong céc phan tng hat nhan. Bén canh dé phan gl
ning lugng cao, do phan giai théi gian cao cla cac detecto ban dan la mot vu diém nira. N6 phu
thuoe vao kich thude va tinh chat ciia méi detecto ban dan rieng biét va thay déi trong khoang
0.1 ns - 1 ps.

N&u so sanh vai cic detecto chiza khi, mat do vat chat (khoi hrgng rieng) trong detecto
ban dan 16n hon khodng 10" Idn so véi trong detecto chiva khi, vi the ¢de hat tich dién cé nang
luong cao ¢6 thé mat hoan todn nang lugng cia minh trong mot detecto ¢6 kich thude tuong déi
nho. Chi cdc tia ¥ ¢6 nang sudt ion hod nho, nén khi do loat tia nay cin sir dung céc tinh the ban
dan tuong déi 1én. Vi 1y do dé ma mac ddu Si v Ge déu ¢6 do phan giai nang luong cao, céc
tinh thé Ge, c6 khdi lugng rieng 5,33 g/em”, gdp hon hai 1dn so vdi Si (2,33 g/em’) thich hop hon
cho viec do tia y. H¢ $6 hap thu tuyén tinh ddi véi chim v 100 keV cita Ge 16n hon cua Si
khoang 40 lin. Ngudi ta cling nghién ciu tng dung cdc chit bin dan ¢6 nguydén e s6 con Ién
hon nira (do dé ¢6 khéi luong rieng 1én hon) nhu CdTe va Hal, dé laun detecto ban déan. Tuy

nhién nhitng loai detecio nay con chua duge sir dung rong réi.

Bang cach sir dung cdc detecto ban din ¢6 chiéu day rit nhé, ¢é thé xic dinh duge e
do suy giam nang lugng cla bic xa theo chiéu day cia detecto bdn dan, -dE/ds. Nhur thé, bang
cdch b8 tri hai detecto bin din lién tiép véi nhau, mol rdl mong, mot day, ¢6 thé dé dang phan

bi¢t duge cac loai hat tich dién khdc nhau.

Khi tmg dung cic detecto ban din ¢ hai van d¢ di duoc nghién ctru k¥ ludng, d6 1a anh
huéng clia nhiét dé va anh hudng clia cdce tap chit hoac cac khidm khuyét mang tinh thé lén cic

dic trung dan dién cua chat ban dan,

Trong truémg hop 1y tudng, tic 1a néu chat bdn din hoin todn sach va I cde tinh the
hoin hio, & cdc nhiét do 1thip, viing hod tri bi chiém toan bo con vung dan hoan toin tréng, tinh
thé khong chira cdc phin tir mang dién va cé do dan dién rat nhé. Nhung trong thue € ludn cd
mot luong nho cdc tap chit. Mot nguyén tir clia nguyén 6 thude phan nhém chinh V, chang han
photpho, asen hodc antimon, trong mang tinh thé cha St hoac Ge hod 1 IV s& déng vai ud téc
nthan cho clectron {donor), vi n6 ¢d dur mot electron. Mitc nang lugng coa cdc electron do cdc tic
nhan cho electron niy mang lai nam rat g2an ving dan. Cdc electron nay chi can nhan dugc mot
nang luong nhi¢t nho ciing du dé chuyén sang vung dan. Do dién tich am cua cdc clectron du
nay, chit bin ddn loai ndy goi Ii chat ban din n. N&u trong tinh thé Si hoac Ge ¢é 1an nguyén tir
cua cde nguyeén 10 thude phan nhom chinh 111, chang han B, Al, Ga hoic In, cdc nguyén tir tap

chat s& déng vai trd chat nhan electron (acceptor) Vi 1ao ra cdc 16 hong mang dién duong, vi thé
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chat bdn dan khi dy ta chat ban dan p. Mirc nang luong ma cic chat nhin electron mang [ai nam
cao hon vitng hod tri va khi nhan mot nang luong nhiét o6 thé chuyén sang ving din. Sy cé mat
cdc phdn 1 tich dién trong chit bdn din 1ao ra mot do din dién nhat dinh phu thuéc manh vao
nhi¢t dé cua chat bin din, thuong got 14 do din dién nhiéu. Khi tinh d6 dan dién nhiéu coa Si
hoac Ge vai mot s6 gia thiét gi6i han, nhu néng do phan mol cia tap chat bing 107, tic [a trong
mot tinh the 6 tiét dign 1 em? ¢6 chifu ddy | em s& chita vao khoang 10" nguyén ur tap chat
cho electron va 1at ca cdc electron du do sif €6 miat coa 1ap chat déu nam o viing dan, ngudi ta
thu duge ¢6 gid tri vio ¢& 3.107 siemen.m™, Céc khi€m khuyét tinh thé ciia chat ban dan cling
lam xudt hién cdc hat mang dién, gidng nhu cac tap chat. Vi chénh léch nang luong gilta viing
dan v6i mifc ning lugng cua cde nguyén tr cho va nhan electron I3 rit nho (0,01 - 0,1 eV), su
glam nhiét d6 bang cich dat detecto trong nilo 1dng chi lam giam khong nhi¢u do dan dién
nhiéu.

Bén canh do dan di¢n npiéu £4ay ra bdi cic nguyén tr [y hodc cde khi€m khuyét tinh thé,
chat bin din cling ¢6 do din di¢n riéng ctia minh, Vi khoang cdch ning lugng gilta viing hod trj
va vung dan, chi vdo ¢ 1 ¢V, a nhdé nén mot nang lrgng nhi¢t tuong déi nho ciing dit chuyén
electron (hodc mot 16 hdng) tir viing hod 1rj sang ving dan. D¢ dan dién nay tang manh khi tang
nhiéi do, vi thé ciing duoc g'oi la do dan di¢n nhiét va anh hudng cha hi¢u tng nay duge 20i I su
nhiéu nhiét. G nhiét da phong, do dan nhiét cua Si vio khoang 4.10™ §/m, clia Ge vao khodng
1.10° S/m. B¢ giam sy nhiéu nhiét, cic detecto ban dan phii lam viee & nhi¢t do thap, thuong
trong nitd long. Picu nay dic biét quan trong d6i véi detecto Ge, vi, 0 nhiét do phong, khoang
cdch nang luong gittu viing hod trj vi viing din cda n6 (0,79 eV) thap hon ctia Si (1,00 ¢V). Con
0 nhiét d6 cia nito long, dnh hudng clia do dan dién nhi¢t ¢ thé bo qua so voi anh hudng cla
cdc tap chat.

Tinh th¢ Ge ¢ d tinh khiét cao, chi chia | nguyen tit tap chit trong 10" nguyén tir Ge,
ral thich hop cho viée do tia y. NG ¢6 do nhay cao va do phin giai nang lugng tuyét voi tai we 0,2
dén 0,5 keV & cic niang lugng tuong tng tir 10 - 100 keV. Cic detecto nay lam viéc trong nitg
long d€ tranh sy nhiéu nhiét, & d tinh thé bin din duoc dat trong mot budng lanh chan khong.
Tia phong xa chiu 1én tinh thé, Jam xuat hién cic cap clectron- 16 hong. Cdc phan mang dien
nay di vé cdc dién cyc trong vong phin triéu giay. Dién tich chuyén qua tinh thé ty ¢ thuan véi
nang {uong b hap thu.

C6 nhitu dang hinh hoc cla cdc tinh thé Ge duge sir dung trong detecto bdn din, nhu

dang phing, dang dong II‘I._I.C va dang giéng.

Anh huéng cua cdc tap chat (d¢ dfn dién nhiéu) ¢6 1hé han ché bing cach bu trir cic

di¢n tich du hoac tao ra mo1 hang rao p - ». Hang rao p - # thuong duge tao ra bing cich tao ra
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ranh gidi giira hat ving cua mot chat ban dan. mot 1a dang . mot dang p, tao thianh mot lop didt
p - # Khi hinh thanh  16p  tiép xdc nhur vily, cic dién tich s& khuéch tdn tir viing ¢6 mat do
cao sang ving ¢6 mat do thap hon, electron tir mién cla dang # sang p, ciac 16 hong thi nguge lai.
Khi khuéch tdn sang mién cua dang p, cic electron két hop v6i cic 16 hong, két quéi 1a hinh
thanh mot 16p ngheo cic phin mang dién. vi the ¢6 dién tra rat ldn lén téi khoang 10" Q. Lop
nghéo dién tich nay giong nhu mét lap cich dien nhiung ¢ mét tinh chat quan trong 1a cic hat
mang di¢n xudl hién trong 16p nay do tic dung cua cdc tia phong xa rat dé dang chuyén di. Vi
thé 1dp nghéo dién tich 1a viing nhay cam nhdt cua detecto bian din. Clung vdi viée xuat hicn mot
I&p ngheo dién tich, su khuéch tan electron tir mién ban déin loai # sang loai p v cuia 16 hdng
theo chi¢u nguge lai lam cho phia ban din loai p tré thanh viing  du thira dién tich am, con phia
bdn dan loai » du thira dién tich duong. tic 1a hinh thinh mot 16p dién kép tuong tu abu 1ép dign
kép di nghién cuu trong di¢n hod hoc, xuat hién trén hé mat tiép xtic gitta kim loai véi dung dich
chdt dién giai. Ldp dién kép cung véi I6p ngheo dién tich duge goi 1a Idp tiép xdc. thudng duce
ky hiéu 1d IGp /. Duét tic dung cia dién trudng s& xudt hién dong clectron tir mién bdn din loai p
sang loai #, 16 hong tit # sang p, tic 1a nguge v dong khuéch tdn. Trong khi 10c do dong
khuéch tin giam dan do do chénh lech ndng do clia cic dién tich giam dan di vi do can tré cua
dién trudng dugc hinh thanh, thi t6c do qud trinh chuyén cdc dién tich theo chiéu nguoc lai {(do
tac dung cua dién trudng) manh din lén trong 1Gp kép. Khi (¢ do hai dong chuyén ddi cua cde
dién tich bing nhau, hé dat dén can bang, & d6 dién truong trong mién tich dién vi chiéu rong
cla mién nghto dién tich khong thay doi nira. D€ phd vd can bang, nhiim muc dich m& rong
mién ngheo dien tich, ngudi ta dal vio tinh thé bian dan #-i-p mot dién trudng ngodl nguge voi

di¢n trutmg, trong Ip kép. Khi dy, do dién wruong cua l6p kép giam di, sy khucch tdn lai Uép tuc.

Cic detecto ban dan o6 viing ngheo dién tich., i la cic detecto p-i-n, duge ché o
bang phuong phip khuéch 1dn ¢6 diéu khién, phuong phép ciy ion hodc bing ciich tao ra cic rao

chan bé mat.

Nh& khuéch tan nhiét ¢6 thé dira mot néng do nho P hoidc As (nguyén 16 thudc phin
nhém chinh V) vao tinh 1hé Si hodc Ge dé tao thanh cdc viing bdn dén loai 1, hay dua mot ndng
dd nhd B hoac Gia { nguvén (6 thuoe phan nhém chinh [11) vao Si hoac Ge dé tao thinh c4c ving
ban dan loai p. Chang hun ngudt ta diing mét phicn Si loai bdn dan p lam nén, con mét mit cla
né tao ra mot 1dp mong bin din i loai # ¢6 bé diy 0,1 dén 1 pm béng cdch dua vio mot tugng
nho photpho. Bing cich dat vio hai mat cla phi€n Si mot dién the diéu khién (nguge vdi dién
the ciia 16p iép xiic) v6i dién trudng lén (& 10" Viem c6 thé tao ra duge I8p ngheo dién tich ma

bé diy ciia nd phu thudc vao do 10n ctta dién tridng nay.

Su cily ion duoge thuc hién bing cich bin phd mot phia bé mit cia chat bén dan bang céc

ion i duge gia toc cho dat duge nang lugng vai tram keV. Cic ion c6 cing nang lugng s&€ xam
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nhap vao chal ban din t6i mot do siu xdc dinh, kiém sodt duoc mot cach kha chinh xic. Un

di¢m co ban ciia loai detecto loai nay 1 tinh bén cao.

Céc detecto v6i rao chdn bé mat duge ché tao tit ban din Si loai n. Mot mat cua tim bdn
dan duge an mon réi phoi ra khong khi d€ tao thanh mot 16p oxit sau d6é phii théem mot Idp vang
mong dé din dién. Bing phuong phap nay ¢6 thé 1a0 ra mot lép bin dan loai p ¢6 d6 diy nho
hon 1 pm. Rao chin bé mat efing c6 thé tao ra bing cich bay hoi Al dé two ra [dp phu trén bé mat
Si. Bang cdch nay. 16p ngheo dién tich ¢6 thé lén 161 1 mm. Cic detecto véi riio chin bé mit chi
y€u duge ding dé do pho cdc hat tich dién va cdc phé o va B. Do phan gidi nang lugng (6i wu
cho biic xa o va 3 dat duge véi cdc detecto mong, cé bé mat nho. Chang han véi bé mit detecto
tir I dén 4 cm’, d¢ phan giai niang luong doi véi bitc Xa o va P vio khoang 10 dén 30 ke V.

bé thu duge hieu qua dé€m cao d6i v6i tia ¥ va tia X, can ¢6 nhitng 1ép ngheo hat tich
dién c6 be ddy tuong doi 16n. Nhimg detecto nhwr vay duoe ché tac bang cich nap (thudng goi 1a
“tha tr6i”) Li vao tinh thé Ge hoac Si. Cic nguyén t& Li, sau khi déng vai trd tic nhin cho
electron dé tao thanh viing ban din loai n, tr& thanh ion Li' ¢6 do linh dong rit cao, ¢6 the di
chuyén ("tr61”) tir khe hé nay dén khe hd khéc trong mang tinh thé. Vi khéi luong rieng 16n cia
Ge, detecto Ge (Li) dung cho tia v, cdn detecto Si (Li) cho tia X.

Trong qué trinh "tha r6i” Li, mot lugng dir Li duge khuéch tin vao cde tinh thé bén din
loai p clia Si hodc Ge, tao ra mot viing bén dan loai # ¢é bé day tir 0,01 dén 1 mm. Duéi téc dung
cua dién truong diéu din nguge (voi dien trudng cha 16p 1i€p xtic p - &) va st tang nhiét do, cdc
ion Li* bi day vio vitng bdn ddn loai p va bit vao cdc tdc nhan electron (16 hong) di khuéch tdn
qua 10p ti€p xiic sang phia ban din loai #. Nhu da néi & trén, khi ay hinh thanh 3 16p, 16p ban
dan loai n, 16p ban din loat p va 16p tiép xic { giita hai 1Gp nay. Lop tiép xiic ¢ nay ¢é thé md
rong dén bé diy 15 - 20 mm va c6 do nhay rét cao. Do dé linh dong cao cua Li trong mang tinh
thé clia Ge ngay & nhiét do phong, cdc detecto Ge (Li) phdi thuong xuyén dat trong nito [dng.

Hinh 16.11 trinh bay dang phé y dién hinh ghi dugc véi detecto ban din Ge (Li). Vi tia Y
tuong tac vdi vat chat theo nhitng co ché khic nhau (xem chuong 15), pho v bao gém mot so
thanh phan, trong d6 pic quang dién va dai Compton rong bao g1t ciing xudt hién. Pic quang
dién thudmg duge ding dé nhan dang chiim v, vi né cho biét nang luong day dii cla chiim tia
nay. Dai Compton tréng nhu mét gd nhé & viing nang lugng thap hon pic quang dién. O nhimg
nang lugng trén 1,02 MeV ngudi ta quan sit duge thém nhimg thanh phdn khic, nhu cac
pozitron hinh thanh trong su sinh cap réi, néi chung, bi huy trong detecto. Nhung tuy theo kich
thude cua detecto, cé khi mot hoac cd hai photon huy ¢6 thé thodt ra khoi detecto ma khong
trong tic v6i nd. Nhitg photon nay tao ra mot "pic thodt” tai £ - 0,511 MeV va mol "pic thodt

kép" & £ - 1,022 MeV, véi E | nang lugng cia pic quang dién. Céc pic phu khic ¢6 thé quan sit
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dugc & cic nang lugng cao hon pic quang dién, khi ¢6 hai tia y hoac mot iay v mot tia X cung
phat ra trong mot ot 1am xual hien mot "pic 16ng". Cic pic 10ng c6 the tich khoi pic quang di¢n
bing cich thay ddi khoang cdch giita mau do va detecto, vi cudng do cta pic quang dién ty 1¢
bac nhit véi goc khoi gitta miu va detecto, con cutng do cia pic tong thay doi theo binh phuong

cia goc nay.

—
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Hinh 16, 11. Phd ¥ cua '7Cs (tia v duge phdt tir hat nhan gid bén ' ""Ba) chyp bang detecto Ge (Li).

16.3. LUA CHON BETECTO

Trong cdc muc 16.1 vh 16.2 da trinh bay & trén, su thich hop cha cac leal deteclo v
cdc loai tia phéng xa va mau phéng xa khde nhau da dugc dé cap mot cich 101 rac. Pe tién theo
déi, dusi day cic thong tin Ay s& dugc 10m tat v hé thong lat.

Ciic mau phong xa dang khi thutng duge do trong budng ion hod (d& vé tia al, ong
dém ty 1& hoac ong d&m khi Geiger - Mueller. Mau do duge dit vao trong ong dém hodc dua
vio theo dong khi théi {(6ng d¢m dong).

Dé do cdc mau long chira chit phdng xa o hodc B nang lugug thap, k§ thuat nhap nhdy
I6ng la thudn tién nhil. Cic tac nhan phong xa P nang iuong cao hodc phong xa y nam trong
dung dich cé thé do bing éng dém Geiger - Mueller, nhung trong truong hgp biic xa y thi cac
éng dém nhdp nhiy Nal (T1), vdi nang sudt dém cao, 14 thich hop hon. Betecto Nal (T dang
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giéng cé dang hinh hoc t6i vu. Vi ciing éng dém, khi st dung cling thé tich mdu ldng, sé thu
dugce clng hiéu suat dém.

Doi v6i cde mau rdn, miu chifa téc nhan phdt B nang luong cao ¢6 thé do duve bing ong
dém Geiger - Mueller ¢6 cla $6 niim dudi ddy, trong khi éng d¢m ty 1¢ thich hop cho méau chita
tdc nhan phat o va B. Sy tv hap thu cla mau rin doi véi tia o va 3 ¢6 thé anh hudng manh dén
kétl qud do va doi hoi nhitng chi ¥ dac biét khi do bife Xd o vd 3 nang lugng thdp. Viée ché 1ao
mdu phéng xa & dang 16p mong va déng nhat, nhim giam bot su ur hdp phy, ¢6 thé thye hien
bing ket tha dien hod, bing cich bay hoi chdt phong xa hodc bing phuong phip chiél chat

phong xa vao mot dung moi rét sau dé lam bay hoi dung moi.

Céc detecto vi rao chan bé mat thuong ral hay duge dimg dé phat hien va do tia o He
s6 d€m trong doi véi tia o la v, = 1. N€u chuin s6 hinh hoc G, lien quan dén sy ba tri ngudn o
va detecto duge xdc dinh chinh Xéc va mau duge chuin bi sao cho s6 hang hap thu § ¢6 thé bo
qua, thi ngudi ta c6 thé do duge hoat do tuyét d6i clia chim o. Cic detecto ¢6 rio chin bé it

can dugc kiém tra dinh ky bang cich do phd ciia nguén chuin, chang han ngudn 2 Am.

De do cdc ngudn v trong mdu réin thi twy theo yéu ciu cao vé h¢ $6 dém hoac vé€ do phan
gidl nang lugng ma chon detecto nhap nhiy Nal (TI) hodc detecto bin din Ge. Phé ¥ cua Co-60
do bing detecto nhdp nhdy Nal (TI) va bing detecto ban dan Ge (Li) duge so sdnh trén hinh
I5.15, ’

Tia X va tia y ¢6 nang luong dudi 50 keV thudng duoe do bang detecto Si (Li) duce gilr
trong hop lanh véi clra 56 berili diy 20 pm. Miu do c6 thé dat trong budng chin khong khong cé
clra 6. He s& dém trong ¢ thé dat 16t gid tri 1, = 1 khi viing hoat dong (viing Uép xiic nghéo
di¢n tich) c6 bé day du 16n. Do phan gidi nang lugng, dat t61 100 - 200 eV & mitc nang luong 4 -
10 keV, 1a di dé phan biét duge céc tia X dac trung cua cdc nguyén 16 nhe ¢6 s6 thit ty gin nhau
nhu tia K, cia Al va Si.

Cic Ong dém 1y 1¢ c6 thé dimg dé phat hién va do cic chim tia X khi nang luong ctia
chim tia d0 thdp d€ c6 thé tvong tic hiu qua véi chit khi chira trong &ng d€m. Vdi cdc nang
luong mot vai keV, ngudi ta ding 6ng d&€m chia hon hop metan v He, con véi cdc ndng luong
cao hon thi Ar, Kr hosdc Xe la thich hop hon.

Trong hoid phdng xa ngudi ta thudng két hop cic xir 1y hod hoc véi cdc thist bt dém.
Chéng han, sy do hoat do phéng xa bing bubng ion hod, bing 6ng dém ty lé hoac bang detecto
nhdp nhdy ¢6 thé tiép sau su phan chia bing sic ky khi. Su két hgp nhur vay duge got 1a phuong
phép sic ky khi phong xa.Trong phuong phédp nay, dong khi mang (ciia mdy sic ky khi) lién tuc
di qua h¢ do, trude khi né di vao 6ng dém duoc pha thém mot khi dém thich hop. Dé don gian
UG ta cling sif dung khi metan vira Jam khi mang vira lam khi d&m. Sir phan chia cdc chat
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phéng xa ciing ¢6 the thuc hién bang sac ky khi hodc sic ky ban mong. Phan b6 hoat do phéng

x4 trén gidy hodc ban sic khi ¢ thé do trye ti€p bang cdch quét 6ng dém ty 1¢ va ghi lai hoat do

phong xa.

Bang 16.2 cho mot 18ng k& ngan cic thong tin lién quan dén viée hra chon detecto,

Bdang 16.2. Su phit hap cla cdc loai detecto khi do nhimg tia phong xa khide nha.

I
Petecto nhap |

Petecto ban

thuan loi

lgi

Dang tia Buong ion | Ong dém ty Ong dém Geiger t
phéng xa hoi lé - Mueller nhay dan
6ng dém Nhap nhdy Betecto Sicéd
Tia o Thuan g dong rdt Khong thuan lgi long 1a thuan rio chin bé

mat la thuan lo

Tia 3 nang
luong cao
(> IMeV)

Khéng thich
hop

Thich hop

Thuin g

Tinh thé hiru
co La thuan laoi

Betecto Si¢co
riao chan bé
mat 14 thich

hop

Tia ( nang
luong thap (
< (L.5MeV)

Khéng thich
hop

Thuin g

Khong thuan Igi

Nhap nhay
long la rat
thudn lon

Petecto Sicé
rio chan bé
mal la thuan loi

Tia y nang
lugng cao
( = 0.1MeV)

Khéng thich
hop

Khéng thich
hop

Khong thuan lot

Cic tinh the
Nal (113,
CsI (T la cat
thuin lon

Deiecto
1-Ge, Ge (L1)
[ rat thuan loi

Tia y nang

leong thap {

< 0,1MeV)
Vit X

Khéng thich
hop

Thich hop

6ng déem tia X 1a
thuin lo

Cic tinh the
Nal (T,
CsI(TD la rat

thuan Loy

Peteeto Si (L)
la rdt thudn loi

16.4. PHEP TRAC PHO

Phép tritc phd tia y vi tia  1a cong cu rdt quan trong cia hoa phdng xa, thudng duge su
dung dé nhan bit cac hat nhan phéng xa. Vi tia B c¢é pho nang luong lién tuc, phép tric pho B
thuéng it duoce sir dung.

Trong tric pho v, cdc detecto i-Ge hoac Ge (Li) hay dugce diing hon ca, vi chiing ¢6 do
phan giai nang lugng cao (khodng 0.2 - 0,4 keV vdi cdc mife nang lugng 100 keV). Nhuge diém
chil yéu clia cdc detecto Ge la hé s6 dém trong n, nhd va bude phai 1am viec & phiét do thap
(lam lanh bing nito 16ng). D¢ nhan biét mot ngudn phdt y nao d6 con chua bi€t, nguoi ta so sdnh
chiéu cao xung clia phé thu duge véi cdc nguén y da biél. Bang 16.3 thong k& mot s6 ngudn

chuin thudng duoc sir dung.
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Bdng 16.3. Mot s6 nguén v chudn

. Nang lugng tia y Tan sudt H (so tia y o . .
Hat nh: - an b ,
Iat nhin (keV) trong phan ra) Thai gian bin huy
24 20,345 0.024 .
Am 39536 0.357 432.2 nam
. 122.061 0.855 -
Co 136.473 0.107 271.8 nzay
**Hg 279,188 0,815 46.6 ngy
*Cr 320.084 0.0983 27.7 ngay
e 661.66 0.8521 30,17 ngay
“Mn 634.83 0.99975 312.2 ngay
o 117324 0.9990 N
o 1332.50 0.9998 3.272 nghy
o 1274.53 0.9994 ) T
Na S11.0 1 81 2,603 ngay
i 898.07 0.927 .
X 1836.08 0.9935 106.6 ngay

Né1 chung, mai detecto déu nsi véi mot mdy tién khuéch dai, mot may khuéch dai va
mot mdy tich da kénh, & do cic xung duoc phan loai theo d0 cao cla ching. Ngay nay, méi may
phan tich du kenh lai gin mdy tinh ¢6 cdc phin mém tim pic, tinh dién tich pic, so sdnh ning

luong caa chim tia véi s6 liéu clia cdc ngudn chuin va nhan biét hat nhan phéng xa.

3000 -
o
S 2000 -
g_
8 1000 -
E,p = 277 keV
0 i T T T T
0 50 100 150 200 250

Nang ludng {keV)

Hinh 16.12. Phé § cua '""'Pm.
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B¢ tric phd « cde detecto Si ¢d rio chan bé mat 1a thich hop nhat. Ching hoat dong ¢

nhiét do phong, trong chan khong dé wrdanh mat mat nang luong. Cic hat a bi chan lai trong ving

ngheo dién tich ¢6 bé ddy nho clia detecto, s¢ electron va s6 16 hong tao ra ty 1é thuan vdi nang

lugug cua chiim o. Xung cdc dién tich duge tich phan trong mot mdy khuéch dai c6 d¢ nhay

ca0, tin hiéu thu duge duoc so sdnh véi cac s8 ligu clta cde ngudn chuan. Mot vii s6 ligu Ay duoc

tap hgp trong bing 16.4.

Bdng 16.4. Cic ngudn « chuan.

. . Nang luong cua hat o Tin sudt H (so tia ¥y L
Hat nhan (MeV) (rong phan ra) Thai gian ban huy
1"Gd 3.1828 1.00 74.6 nam
232 3.950 0.23 Wos
Th 4013 0.77 1,405.10" nam
" 4,621 0.234 .
Th 4.687 0.?63 7,54 IO nam
23 4,147 0.23 oo
U 4.198 0.77 4,468.107 nam
B 4398 0.55 7.038.10% nam
- 4723 0275 S oa
U 4775 0.725 2.454.10" nam
A 4.445 0.26 7=
u 4.494 0.74 2.342.10" nam
4,952 0,228
4 5,014 0,254
p. . [ 4o
Pa 5.028 0.20 3.276.10* nam
5.058 0.11
5.105 0.106
Py 5.144 0.151 2.411.10% nam
5.157 0,732
a1 5.1236 0.2639 1.
Pu 51681 0.735 0.563.10° nam
. 5.1236 0.11 .
Am 5275 0.88 7.370.10" nam
Py 5.30438 1,00 138,38 ngay
" 5.443 0,128
Am 5.486 0.852 4322 nam
> 5,456 0,283 ]
Pu 5.499 0.716 87.74 nam
244 5762 0.236 _
Cm 5.805 0.764 18.10 nam

267



Thich hgp cho phép trac pho B fa cic detecto bin din ¢6 bé diy vimg tiép xtc 7 16n hon

khoang dam xuyén clia cde electron cdn khio sdt. Do phan bo nang lugng lién tuc cla cdc hat B3,

phé clia mot ngudn phat 3 thudn khiét 1 dudng cong ¢é cyc dai & nang lugng trung binh cla

chum 3 va kéo dai 14i gid trl nang lugng cue dai (hinh 16.12). Cic electron bidn hodn cho cic

pho vdi cyc dai tvong ddi nhon. Mot s6 nguén phit (3 thuan khiét duge thong ke rong bang 16.5,

Bdng I6.5. Mot s6 nguén phat [ thudn khiét

[. Hat nhan E,. (MeV) Thoi gian bin huy
* - ‘H 0.0186 12;“?-23 nant O
e 0.156 5730 nam
=p 1,710 14,26 npay
Yp 0,248 25.34 ngay
5 0.167 87.51 ngiy
*Cl 0.714 30110 nam
“Ca 0.252 163.8 ngay
*Ni 0.067 100, 1 nan
o NSeY 0.546/2.27 28.64 nam/64.1 h
e 0.292 2.13.10% nam
P 0.224 2.623 nam
St 0.706 3.78 nam

'
TR —

Trac pho tia X tién hanh giong nhv tric phd y nhung thudng duge thue hién véi detecto

Si (Lu). Detecto ciing dat trong trong hop lanh. Hé do ¢6 bo phan tién khuéch dai, bo phin

khuéch dai vd mdy phan tich da kéenh. Nhir dd néi ¢ trén, dé phan giai ning lugng khi do phé tia

X la rit 161, n6 cho phép phin biét cdc tia X dac trung clia nhimg nguyén 16 nim canh nhau trong

bang tuan hoan. Mt s& nguén phit tia X c6 thé dung Jam chudn dwoe théng ké trong bang 16.6.

Bdng 16.6. Mot 56 ngudn phat tia X.

Hat nhin Tia X dac trimg Nang ivong (keV)
“Co Fe K 6.391: 6.404: 7.058 ]
"™ Ag K 21.99: 22.16; 24.‘);
''Gd Eu K 40.40: 41.54; 4?,06: 43.50
“'Am NpL [1.87: 13.93: 1.‘:;.86: 17.61:21.00 |

Phan tich huynh quang tia X (X-ray Fluoresence Analysis viét tat (A XFA) wong ty

nhu trac phé tia X, nhung ¢ day, su phdt cde tia X dac trmg x4y ra khi cdc nguyén tif ¢6 trong
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méu phan tich bi kich hoat bdi mot ngudn tia X dat trong mdy. Sy kich hoat ¢6 thé duge gay ra
khong phai bai tia X ma bdi cdc tiéu phin tich dién (Particle Induced X-ray Fmission, viét tét 1a
PIXE).

16.5. XAC DINH TOC PO PHAN RA TUYET DOI

Pé do hout do tong d6i ¢la mot chit phdng xa so v61 mot chil khae, chi can gilr cho he
56 d€m toin phin n trong phuong trinh (16.3) khong d6i. Nhung khi muén thu duge tée do phan
1a tuy€t doi cua chat phong xa lai can phai biét chinh xic 2id trl cua hé s nay, thong qua tinh
todn hodc so sdnh v6i miu chudn. Trong ca hai cich xdc dinh n, tdt ca cdc h¢ s6 ¢6 mat trong

phuong_trinh (16.3) déu phai duce xem xét.

I¢u cdc hat nhan phéng xa trong méau do va trong nguén chuan 1i khdc nhau. cén tinh
dén sy khdc nhau trong tin suat H cta dang phan rd. Syt hap phu ¢6 thé bod qua khi do v, nhung
cé thé dong vai trd quan trong trong do cic tia o va B nang luong thap, va d61 voi céc tia B nang
lugng cao va tia X ciling khong thé bo qua sur tu hap thu khi bé ddy cia mau 16n. Anh hudng clia
1dn xa nguoc ¢6 thé khac phuc bang cach loai bo cdce vat liéu cé nguyén r s6 1én trong khu vue
gdn méau do. Y&u 16 hinh hoc G ¢6 thé tinh dugc tir khoang cdch giita min véi cira s6 ong dém,
kich thuéc mau va kich thudce clra $6. Trong loai ong dém ¢ géc khoi 2n hodce 47, yéu 3 hinh
hoc duge xdc dinh mot cdch chinh xdc. Sy hap thu cOa khong khi chia cira s6 do1 vt cac tia
phéng xa khidc nhau, biéu thi boi s¢ hang chifa thira s6 W trong phuong trinh (16.3), ciing ¢6
nhitng dic diém twong tu nhu su ty hap thu. Tuy nhién, viéc sir dung cac 6ng dém khéng c6 cira

0 ¢6 thé loai bd duge dnh hudng cla y&u 16 ndy.

Trong nhiéu loai detecto, hé s6 d€m trong n, phu thudc vao niang lugng cla bic xa. Diéu
do cin duge tinh dén khi dung cac ngudn chifa cdc hat nhan phdng xa khic 1am ngudn chuan.
N6i chung, phai xdc dinh dudng chuin 1, = f(E) d0i véi cic detecto trong cdc diéu kién do xdc

dinh, 4p dung cho cdc hat nhin phéng xa khic nhau ¢é hoat do da biét.

Cudi ciing, anh huong cia thdi gian chét (s6 hang chita D trong phuong trinh (16.3))
cling phai duge quan tam, dac biét 1 khi thoi gian chét clia detecto li 1dn (ching han & 6ng dém
Geiger-Mueller) va néu mau do va mau chuan ¢6 t6c do dém khic nhau ding ké.

Khi tinh d&n anh hudng clia cic yéu 16 S, B va W trong phuong trinh (16.3), su xac dinh
hoat do tuyét ddi cua chil phéng xa o va [} thutmg chi thuan tién véi méiu do ¢é bé ddy nho. Cic
16p miu mong ¢6 thé tao ra bang ket tha dién hod hoidc ngung tu tir pha hoi cde chit phéng xa

cin do.

Sy xic dinh hoat do tuyét doi clia chat phéng xa y it phic tap hon, vi, néi chung, dnh
huong clia cac yéu 16 S, B vi W ¢6 thé bo qua.
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Hoat do tuyét doi cha céc hat nhan phdng xa ciing ¢d thé xic dinh nho su do tring
phing, khi 50 d6 phan rd Ia tuong déi don gian, chang han chi gém mét phan rd p ngay lap uic
ti€p sau sy phit mét hay nhiéu photon y. Trong phén tiép sau chiing 1a s& trinh bay nguyén tac
cua viée st dung cic so dé tring phiing.

16.6. UNG DUNG CAC SO PO TRUNG PHUNG VA BOI TRUNG PHUNG

Nhi¢u qué trinh hat nhan x4y ra n6i 1i€p nhau trong khoang thdi gian rat ngan, chi chimg
mot phin ty gidy hoac ngan hon, chang han sir bifc xa « hodc P sau khi phdt ra bic xa ¥ hoac sau
khi phat ra mot thac y. Nhiimg bién o6 nhar the thuc (€ ]a triing phiing vi cho phép tim hiéu nhiing
cap hat hoac photon nio duoc bitc xa hau nhu déng thdi vdi nhau. Dé phidt hien va do cdc bién
¢G tring phing ngudi ta sir dung hai detecto vi mot so dd tring phung. Cic detecto duge lua
chon phit hgp v&i cdc bién ¢d tring phiing cdn do, ching hun « - v, B-7.v-v, X -y hoac cic
dung khic cia ciie bi€n ¢6 triing phiing. So d6 tring phing ghi lai chi nhitng bicn ¢ x4y ra trong
mot khodng thad gian rdt ngan. Cde Sng dém nhip nhdy vi cdc detecto hin dan thudmg duge sir

dung cho do tring phiing.

Nguoce lai, khi sir dung cidc so d6 d6i tring phung, chi cdc bién ¢& khong tring phing
vO1 nhau mai dugce ghi lai.

Su do tring phiing rit hitu ich cho viéc nghién ciu cdc so d6 phan ri phong xa. Nham
muc dich dy, trong cd hai detecto cic chiéu cao xung duge xdc dinh déng thoi. cho biét nang

luong cua cdc hat hodc cac photon tring phiing.

Mot ung dung ciila so d6 doi tring phiing 1a pho k€' d6i Compton. Daj Compton trong
phé v ¢6 the bi thu nho so véi pic quang dién, nhey dit mot detecto Ge vao phia trong mot
detecto thir hai, thuong 1a mot detecto nhap nhay, duge néi déi tring phing, sao cho chi cac
xung trong detecto trong 1am ma khong triing phiing voi ciic xung cha delecto ngodi mdi duge

ghi lai. Pho k€ d8i Compton rdt thuan tién cho do tia vy nang luong cao.

16.7. DO HOAT DO PHONG XA THAP

Khi do edc miu cé hoat d phéng xa thap, vai trd clia phong phéng xa 11 thanh dang ké
va sai 6 cua phép do s& 16n. C6 (hé gidm thifu anh huang clha phong phéng xa bang cdch tang
cudng che chin detecto va bing cdc so dé tring phing hodc déi trimg phiing.

Thuong thuting detecto duge che chin bdi céc budng chi hoac budng 6t trong bang thép
khong ri va boc ngoai bang chi. Thép ¢6 tac dung hap thy cic bite xa do cdc tap chat phéng xa
c6 trong chi phdt ra. Ngoai ra, thiét bi do hoat do thip thuong duoc dat dudi him dé giam bét

anh huong cdc tia vii tru ¢6 nang fuong cao. Khi ding chi va thép lam vo che chin, cin chd y
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rang chi méi diéu ché chita déng vi ?'"Pb, cdn thép san xuit sau nim 1940 la hgp kim cia sat vdi

coban vi vi the chira **Co. Chinh vi thé ngudi ta thuding chon loai chi va thép san xuit trude nam
£ LS4 . p

1940 lam vat héu che chin.

Pé tranh céc chat phéng xa dang khi lot vio bubng do (chang han **Rn), khong gian
gilta vO che chin va detecto cé thé duge d6 ddy parafin. Cd va Cu ciing dugc dira vio d€ hip thy
notron. Vi phan tng (n, ¥) cta cdc hat nhan nay lai sink ra phong v thi cap, nén detecto ¢6 thé
dugc nhiing trong thuy ngan, mot moi truong <6 khi ning hap thu tia y rat tot, dong thét dé tinh
ché lai bang cich chung cat.

Nh& phuong phdp tring phimg va d6i trung phiing, anh hudng cta phong phong xa ¢6
thé gidm di 100 lan hodc hon thé nita.

16.8. PHAT HIEN VA PO NOTRON

Sur phat hién v do notron chi yéu dua vao cdc bifc xa ion hod thit cap do notron gay ra.
Ciéc notron nang lugng thip (nowron cham), dac biét [a cdc notron nhiét, duoc do kha chinh xac
qua cic hat tich dién phat ra tir cdc phan tng hat nhan gay ra bdi notron, ching han cdc phan ing
(1, p). (1, &) hoac phan img phan hach. Cic notron ¢d nang lugng cao, notron nhanh, duge xdc
dinh qua cdc ion giat I, 16t nhit 1a qua cdc proton san sinh khi ¢4 sir va cham cha notron nang
lugng cao véi phin tir cdc chat, dac biét 1a vdi hydro hoac céc hop chat ¢6 chita hydro. Gic hat

tich dién cé thé do biing detecto chita khi, detecto nhap nhdy hodc detecto ban dan.

Céc notron nhiét chi yéu duge phdt hién nhd cic phan tng hat nhan "B(n, «)'Li,
‘He(s, p)'H hoac su phan hach do bin phd bing notron ciia **U. D€ thuc hién phép do nhur vay,
mat trong ctia budng ion hod dugc phit mot 16p mong vat lieu chira "B hoic U hoic duge nap
khi ""BF, hoic 'He.

Notron nhanh duge xdc dinh bing cdch nap vio 6ng d€m khi hydro hoac khi chita hop
chit ¢6 hydro va do cdc proton giat Jui sinh ra do va cham cla notron vdi cdc hat nhan hydro.
Véi cac loai budng ion hod nhu vay cé thé do duge thong lugng tich phian ¢ cdc thong lugng
notron cao trai trén mot khoing cudng do rong. V6i cdc phan tmg notron sinh ra tia v, budng ion
hod nhu vay chi lam viéc ducc khi chiim v ¢é cuding do cao, vi hé s& dé€m trong cua tia y rat thap.
Vé&i cic budng ion hod cé luéi, nap khi ‘He ¢6 thé do dugc notron vdi nang luong tir 10 keV dén
2 McV.

Ong dém ty 1& chita "BF, hoic *He dugc diing cho phép do tich phan cic notron nhiét va
trén nhiét. Thong lugng va pho ning lugng cua cac notron ¢6 nang hiong trung binh va cao ¢6
thé do bing 6ng d&m ty 1é chia ‘He hodc H, Ngoii H,, cdc hgp chat ran ch@ia hydro nhu
polyctylen cling duge sir dung.
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Trong cdc detecto nhip nhdy, hé 53 d€m véi notron tuong doi cao, nhung sy phan gid
cde ua v Jai thip. Cic notron cham ¢6 thé duogce phit hién thong qua cdc phan tng hat nhan
“Li {n,e)’H hoac "B (n, o0)’Li. D& do notron bing cic phdn (ng nay, °Li hoac "B duge dua vio
ong dém nhdp nhdy ZnS hoac 6ng dém nhap nhdy long. Ngui ta ciing stt dung ca tinh thé “Lil.
Phé notron nhanh ¢6 thé do qua proton gidt 1Ui bang nhimg Sng dém nhap nhdy 160 chia chat
nhdp nhdy hifu co 1ong hodc rin. Thong luong cla cdc notron rdl cham duge do bing dng dém
nhip nhdy chita Gd nhé xdc dinh nang lugng toan phan cua tia y phdt ra khi notron tuong tac v
Gd.

Cac detecto bdn dan cd thé diing dé do notron nhd phit 1én bé mar chit bin din Mot vat
licu chuyen hod thich hop. Ching han, phi cdc hgp chat chia °Li hodc *"U bing cich bay hoi,
hodc nap “He vao buéng detecto kin khi. Un diém cia loal detecto nay 1a kich thude rdt nho va
¢6 h¢ s6 dém cao déi vdi cdc notron nhiét. Nhung né khong dung dugc cho cic thong luong

notron 16n, vi dong ro 11 cao v hay hong hdc.

Thay cho cach do truc tiép, dong notron ¢é thé do gidn ti¢p biang phuong phap kich hoat.
Dung phan tmg (+. y) dé kich hoat mét chat (goi 12 tic nhan kiém tra dong notron) réi do bite xa
y sinh ra la k¥ thuat rdt phé bign, trong d6 Au, In vi Co thuong duge dung lam tdc nhan kiém
tra. Khi ¢6 mat cic notron trén nhiét can phai tién hanh cic hi¢u chinh. Céc clectron trén nhiét
¢é thé do mot cich doc lap bang cdch géi tic nhan kiém tra trong cdc vat Lieu ¢6 kha ning hap
thy notron nhiét nhur Cd hoac Gd. Cic dony. notron nhanh ¢6 thé xdc dinh nha cdc phan g véi
ngudng nang luong, ching han cic phin ing (n, py hodc (s, «). Bing cdch sir dung mot vai

detecto ¢6 ngudng Khéc nhav, ¢6 thé thu duge cdc thong tin vé pho nang lugng cua dong notron.

16.9. CAC PETECTO VET

16.9.1. Nhii tuong nhay sang va tu chup phéng xa

Nhitng detecto v& ¢d xua nhat la cic kinh anh, nhéy ching Becquerel dd phat hién ra
hién trong phéng xa vo nim 1896. L6p nhil tvong nhay sdng trén bé mat phiin chi th vi i ¢lia
cdc hat nhan phong xa (w chup phéng xa}. Uu diém chil yéu cla w chup phéng xa |4 ¢hi ra

chinh xdc vi tri clia cic hat nhan phéng xa da phat ra cde tin o v 3.

Cac ban tu chup phéng xa phai ¢ bé mat tron nhin. Mau do ¢6 thé 12 kim loal, bé mat
duge dinh bong clia khodng vat, gidy séc ky hodc cic ldr cit mong cia mod sinh vat Ty chup
phong xa thuong duge dung trong sinh hoc va khoang vat hoc, ciing ¢4 thé ding dé nghién citu
cac qua trinh hod hoc. Hinh 16.13 Ta mot vi du vé anh tr chup phong xa mot bé mat ld st bj an

mon boi mot giot dung dich chita mot hgng cue ky nho sat hydroxit dugc dinh dau bt “Te,
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Hinh 16.13. Anh tu chup phéng xa mot 14 sit trong giai doan diu clia qud trinh an mon
bai mot giot dung dich ddnh dau bing “Fe

D6 nét cia anh tu chup phéng xa phu thude vio bé diy cia 16p chita cic hat nhan phing
xa, khoang cich giita 16p chifa chat phdng xa va nhii twong anh, bé day cta I6p nhi tuong anh va
vao bifc xa mi chat phéng xa phat ra. Anh hudng ca khoing cich giita 16p phong xa va 16p nhi
tuong anh dugc minh hoa bang hinh 16.14. D§ day cta 16p nhil twong kinh anh khong qud
10 pm, bao gém cdc hat nhi tuong cang min cang t6t, nhimg phat ¢6 théi gian phoi sdng dai. Co
ca nhitng nhii twong dac bi¢t (nhii twong hat nhan) dung cho chup anh phong xa. Céc buc xa co
quing di ngin nhu tia « hodc tia B nang lugng thap cho cdc dnh ¢6 do tuong phan cao, nang
lugng cla cdc tia 3 cng thap, anh ty chup phéng xa cang sac nét hon.

IL_ Ving biden |l

I bl

\aing bi dej Lép nhis tueng anh

—— Khéng khi ———
Z

N
S\

A

Mau phéng xa

Hink 16.14. Anh hudng cia khoang cach gifta mau phéng xa va I8p nhil tuong chyp dnh 1én dé nét caa
anh wr chup phong xa.

Su tr chup phéng xa ¢6 thé thyc hién bang cdch ép gidy anh hoac phim lén bé mat mau

phéng xa, k¥ thuat 1ot phim hodc k¥ thuat nhi tuong anh dang long.
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Cac phim v&i nhil tuong hat nhan rit quan trong trong viéc ghi lai ¢de bién c6 cuc k¥
hi¢m hoi gay ra do cdc tia vii try. Nhdm muc dich dy, phim géi trong gidy mong duge Khi ciu
dua lén cao. Mot s¢ hat so cap, ching han pozitron vi mezon = , di duge phdt hién nho sir dung
c¢ic nhii trong anh hat nhan,

16.9.2. Detecto vét dién moi

Cac hat ion hod nang gay ra cdc vét 16n thuong bic xa trong cdc chit ran dién moi hoac
ban dan. Cdc vét nay c6 dang éng hinh tru véi dudng kinh khoang 1 - 10 nm. Cit dé nguyén thi
cdc vé nay chi nhin thdy bing kinh hién vi dién tir, nhung sau khi tdim thuc (ching han bing
HF) c6 thé nhin thdy bing kinh hién vi thong thutmg, vi qua trinh pha huy hod hoc thuong dién
ra nhanh hon nhi¢u & rhilng ché bi 16n thuong do cdc tia ion hod. Nhiéu quy trinh tdm thuc Khic
nhau dd dugc phdt trién vd vét clia cdc hat ndng trong nhiéu loai vat licu di duge nghien citu,
nhu trong khodng vit, thuy tinh, tinh thé vo cg va chat déo, trong do mica thuong hay duoc sir
dung. Mbi vat liéu duge dac trung bdi mot gid trj x4c dinh cla 16¢ do giam nang luong tuyén
tinh cua tia phong xa (viét tét theo ti€ng Anh 1a LET, biéu dién qua dE/dx), ma bén dudi gia ni
nay thi cdc vét c6 thé quan st duge. Nhing hat ¢6 kh6i luong 16m hon mot tri s6 nao d6, ¢6 téc
do giam nang lugng tuyén tinh 16n hon gid tri nay s& bi mat nang {uong va khong di vio moi
trizomg vat chit di cho. Ching han, 16¢ d6 gidm nang luong tuyén tinh chia cho khéi luong rieng
cua mica la (I/p)}dE/dv) = 13 (MeV/mg)em?, nghia la mica khéng ghi duoe cdc ion c6 nguyén
tir khéi A > 30 vk cdc ménh phan hach chi ¢6 thé phdt hién bang mica kki c6 mat cdc thong
luong 16n cha cdc jon nhe. Ngudi ta nhan thdy ring mat d6 cdc ion (tao thanh do su ion hod bdi
bifc xa) va cdc nguyén tir bi kich thich ty 1¢ thuan véi niang suat ion hod cla tia phéng xa, vi thé
tang lén theo sy tang nguyén tlr s6 (Z) cla cdc jon duge tao thanh trong vét. Mat khdc, 16c do
tam thue lai phy thude vio mat do céc ion tao thanh do sy ion hod. Vi thé, dua vao toc do tam
thyc c6 thé suy ra nguyén tit s6 cla cdc hat, dong thoi ciing nhan duoc cde thong tin vé nguyén

tr Jugng cla céc hat.

Detecto vét rin duoc sir dung cho nghién citu sir tur phan hach cda cdc nguyén t& siéu
urani, cho nghién ctu cdc tia vii tru & céc do cao chimg 20 km, xdc dinh tudi khodng vat qua

viéc dém cdc vét.

Mét img dung khdc clia cdc detecto vét 1a do lidu o va notron. Dé do liéu notron, detecto
vét ¢6 thé dugc phi bdi mot 16p cdc hat urani nhd, céc hat nay bi phan hach do tdc dung cia cdc
notron. BE mit detecto ciing cé thé phi mot 1dp chita B hodc Li, nh& d6 cdc hat « sinh ra do tic
dung cua notron s& duge ghi i,

Vi cdc vét gay ra do bifc xa 14 rit bén, né cd thé duoc nghien citu nhidu nam sau khi

bién ¢4 phéng xa xay ra. Nhiéu khodng vat chita cdc "ban ghi chép" nhiing san pham phan hach
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hoiic nhitng tia vi{i tru trong hang triéu nam, chdng trd thanh cédc detecto vét quy gia cho dia chit

hoc va khoa hoc vii tru.

16.9.3. Budng suvng

Trong budng swong, vél cha cdc hat ¢6 thé nhin thay duge do sif ngimg 1y cla cac giot
nude xung quanh cdc ion sinh ra do tdc dung ion hod cla cdc hat. Khi chifa trong budng suong
duge biio hoa hoi nude, hoi rirgu hoac hoi mot chit long nao khidc. Khi bi nén dot ngot, s& xudl
hién trang thai qud bio hoad vi sy ngung tu xay ra trén dudng di cha hat c¢é tdc dung ion hod. Bui
Vi cdc tam ngung tu khic cdn phai duge loai bo khoi budng swong dé tranh nhiéu. Budng suong
cé thé hoat dong tudn hoin véi mot pittong hoac mot mang ngan (loai budng nén) hodc ¢é thé
bang cdch khuéch tdn hoi bio hoa vao ving lam lanh (budng lanh khuéch tin).

16.9.4. Budng bot

Budng bot sir dung mot hién tugng 12 chét 1éng ¢6 thé bi dun néng lén cac hon diém soi
trong mot thai gian ngan ma khong xay ra su soi. Trang thdi d6 cla chat long goi la trang théi
ndu qud. Khi cdc hat tich dién di qua chat [ong ndu qua s& lam xuat hién cdc bot hoi trén dudng
di cta minh. Vi trang thdi nau qud khong bén trong khodng thdi gian dai, nén cdc budng bot
hoat dong gidn doan bang cdch thay do6i dp sudl. (3 nhiét do thuong, chat 16ng nim dudi diém
01, khi gidm 4p sudt, trang thal nau qud s& xudt hien.

Ut diém can ban cla budng bet 1a ¢ ché mat do clia moi trudng bi ion hod  16n hon
nhiéu so véi budng suong. Vi thé né dac biét quan trong trong viéc phdt hi¢én cdc hat ¢6 nang
luogng cao trong cic may gia t&c nang lugng cao. Ngudi ta ché tao cdc budng bot ¢d kich thudc
vai mét khai, thuong lam viée v61 hydro long.

16.9.5. Buong tia hira dién

Budng tia lira dién chita mot hé théng céc ban cyc hoac day dan datl song song, mét cuc
néi véi cao ap duong con cuc kia ndi dat, trong budng chita khi tro. Khi mot hat ¢é tac dung ion
hod di vao ving giifa hai dién cuc s& 1am xuat hi¢n cdc tia lira & gdn qu¥ dao cla hat. Dién dp
cao duge dat vao cic ban dién cue hodc day dién cuc dudi dang cdc xung ngan. Nha cdch van
hanh nhu vay, ¢é thé diéu khién dé buéng tia Iira dién chi nhay vai mot s& loai bién ¢d nhat dinh.
Po nhay va do phan giai cla cdc bubng nay rat cao. Kha nang lam viéc mét cich chon loc la vu
diém 16n cla nd so v6i loai budng bot. Nhilng budng tia lira dién ¢d kich thude nhiéu mét khéi
chita khoang 10° day dién cuc di dugc ché tao.

16.10. CAC DPETECTO DUNG TRONG VAT LY, Y HOC

Dé theo dai lidu chiéu cd nhan, do do nhiém bin phéng xa, quan tric cdc phodng thf

nghiém va cdc thiét bi va phat hién cdc hat nhin phéng xa tham nhdp vao co thé ngudi, ngudi ta
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sit dung nhiéu loai detecto vi thiét bj do ma nguyén 1y hoat dong da dugc trinh bay trong cac
muc trudc day.

16.10.1. May dém xach tay va may quan tric

Téc d6 liéu trong mot moi trudng phéng xa da cho ¢é thé xdc dinh nhd céc detecto nhiy
xdch tay, ching han 6ng Geiger-Mueller hodic budng ion hod ¢6 trang bi bo ngudn va bo khuéch
dai dong mot chidu. Mot tdm chan di chuyén duge ¢ thé duge sir dung dé phan chia cac tia
cting va cdc tia mém. Nhimng dung cu tuong t cling diing dé quan trc cdc phong thi nghiém va
cdc trang thiét bi lam viéc trong moi trudng cé chit phong xa. Cic ong dém Geiger-Mueller ¢6
¢0 nhay cao hon cdc budng ion hod, c6 thé phat cic tin hiéu nghe duoc, thudng duge s dung
cho cdc quan tric nhanh v phdt hién cdc luong nho biic xa B nang luong cao. Nhung O dang
thong thuong, tic 1a dang céc 6ng dém ¢6 clia s6 ddy, nd khong thich hop cho viéc phat hi¢n tia
o vi 3 nang lugng thip. Vi thé, nguisi ta ding buéng ion hod ¢6 trang bj thém cita s6 méng ( <
3 mg/cm’) hodc man hinh md dé phét hién tia o v 3 nang luong thap. B¢ kiém sodt tia v, thi cdc

detecto nhip nhdy bo tii 1a nhay hon ca,

16.10.2. Phix hiéu phim

Nhitng ngudi 1am viéc vdi cde chat phéng xa cb thé deo mot biit do licu nhu mot phi
higéu, chita phim ¢6 thé ghi duge Liéu chiu trong mot khodng thoi gian nhit dinh (thuong la |
tudn). Nhin chung. cic phim X quang déu ¢6 thé ding do liéu B va v, Trén timg doan bé mat
phim, ngudi ta phi nhimg 16p loc khdc nhau (chat déo, nhom, cadmi), nhd the ¢6 thé nhan dugc
thong tin vé dang vi nang lugng cila cdc tia phéng xa. Liéu chi€u notren nhiét do bang phim phu

bo. Cic detecto vét ding dé theo ddi notron nhanh va cdc tia ¢6 nang lugng cao.

16.10.3. Buong ion hoa bo tui

Budéng ion hod bé tiii thudng chi nhd nhur chiée but bi, thinh thodng duce nap dién bang

cdch cdm viio ngudn ngoii. Loai do liéu nay khong nhdy véi tia o va tia B nang luong thap.

16.10.4. Liéu ké huynh quang nhiét

Trong mot s6 tinh thé nhat dinh, ching han LiF hoac CaF, ¢6 chuia tap chét Mn, electron
va 16 tréng, dugc hinh thanh do tic dung cua bifc xa ion hod, bi "ddnh bay” vao tap chai. Tinh
thé, vi thé, tich lu§ duoc mot nang htgng. Khi lam néng tinh thé, nang lugng nay ¢ thé thodt ra
dudi dang quang nang. Tinh chat nay ctia cdc chat huynh quang nhiét duge st dung dé ché tao
lidu k€ phéng xa. Cic tinh thé duge dot néng bing dién, 4nh 8dng phdt ra duge do bang mot may
nhan quang. Tinh thé LiF(Mn) chi thich hgp vdi cde liéu > 10 mrad, cdn CaF,(Mn) nhay véi ca
nhing liéu thip 161 0,1 mrad.
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16.10.5. Theo doi su nhiém ban phong xa

Su dinh ban phong xa vio tay c6 thé duge phdt hién nha ong dém Geiger-Mueller hoac
ong dém ty {é. Su nhiém ban khong khi ducc xir Iy vi xdc dinh bing céch loc bui phdng xa réi
cho phin loc fién tuc di qua mot dng dém ty 1¢. Su nhiém ban cdc ghé ngdi trong phong thi
nghiém, cdc dung cu va san nha ¢6 thé phdt hién bang cach diung giay loc dé lau, 161 do hout do
o, B vay cua gidy lau bing nhimg detecto thich hgp.

16.10.6. Po nhiém ban phéng xa toan than

C4 nhan phai kiém tra dimg vao budng c6 gin mot s6 luong 1on cic detecto nhap nhdy,
Céc hat nhan phong xa phdt y bdm trén ngudi s& duge phdt hign va xdc dinh vdéi do nhay cao.
Khi khong ¢4 su nhiém ban do cdc nguyén 16 phéng xa nhan tao, sé quan sat dugc tia ¥ do K
phat ra. Su nhiém ban bdi cdc hugng nho dong vi phdng xa nhén tao phit y, chang han "7Cs ¢é
thé phit hién dugc, nhung cdc hat nhan phit o« va B thi khéng.
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