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LOI NOI DAU

Cudn "Hod hoc phén tich — Phan II : Cdc phdn ung ion trong
dung dich nuéc” dugc bién soan ltn ddu tién nam 1986 theo
- ding chuong trink ciia B6 Gido duc ban hanh truée déy va hién
nay cing dang duoc thuc hién tgi cée Truong Dai hoc Su pham.
Ve co bdn sdch cing phit hop véi chuong trinh hod hoc phén
tich cho cac Trudng Cao ddng Su phem vita duge B$ Gido duc
vé Dao tgo ban hanh.

D¢ dép ung nhu cdu hoc t4p cia sinh vién, ching toi bien
sogn lgi sdch trén co sd git nguyén clu tric nhu trong lin xudt
ban dau tién, nghia la cung cGp nhitng tinh chét co bdn, téng
quat ve tinh chét cée ion (tinh chét axit - bazo, tgo phitc, oxi
héa — khi, tgo thanh cde hop chdt it tan) di d6i voi viee trinh bay
ki cac phdn ung dac trung cin dé phat hién, nhan biét cde ion.

Ngoai ra, chiing t6i ¢6 b8 sung thém mot 38 vdn d8 :

1. M6 td va gidi thich chi tiét hon nhidu phdn tng va tinh
chdt phdn tich quan trong ciia cée ion.

2. B8 sung thém nhidu bai tép ¢ cubi méi chuong nhdm giip
sinh vién trong viéc ldp d@ cuong thuyc nghiém, hé théng hod va
top van dung kién thic seu khi lam thuc nghiém.

3. BS sung thém phiin "Hudng dén trd loi cbe cdu hdi vi bai
tGp" nhém giup sinh vién kiém tra céc trd ldi cda minh khi lam
bai idp.

O day c6é goi ¥ nhidu cach gidi khdc nhau cho moét s6 loai
bai tép nhdm téng thém céc tinh hubng ven dung kifn thitc
(ma khong phdi la chon cdch gidi t6i uu). Ching téi cé chi ¥
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b3 sung cde bai t¢p <6 lién quan dén chuong trinh héa hoc phd
théong fede bai tap vé phén tich va nhan biét cdc chdt).

4. Mac diz trong cdc chuong Rhi trinh bay vé tinh chdt cée
ton dd 6 gidi thiéu cdc hdng sé quan trong cue cdc phdn iing
lién quan. Song, dé cung cap mot cdch hé thong cdac s6 liéu phuc
v cho viée tinh todn trong thuc nghiém, ching 16i b6 sung thém
phu luc 2 "Bdng cic hdng s6 quan trong' lién quan dén cdac can
bdng axit - bazo, tao phiic, oxi héa — kA va tgo cdc hop chdt
it tan.

Hi vong cubn sich nay dap ing dugc phin nao tai lieu hoc
tdp cho sink vién cac Truong Pai hoe Su pham, sich tham khido
cho gido vién, hoc sinh cde Truong Cao dding Su pham, cac
tritbng phd thong va sinh vién céc trudng dai hoc khdac khi hoc
v héa hec phéan tich.

Trong lan xudt bdn nay ching t6i dd nhan duoc nhidu v kién
déng goép cua cic dong chi trong b6 mén Héa phén tich Khoa
Héa DHSP - DHQG Ha N¢i. Ddc biét, cdic gidng vién Nguyén
Kim Tram, Nguyén Thu Nga dé gop y kién va gitip dé rdt nhidu
cho viéc hoan thanh bdn thdo. Tac gid xin chdn thanh cdm on.

Chiing téi rdat mong nhan duge nhidu y kién déng gép cia
bagn doc-vé noi dung ctia sich dé trong lan tdi bdn sau sdch
phuc vu duce tét hon.

Ha Ngi, 11/1998
TAC GIA



Chuong 1
PHAN UNG 1ON TRONG DUNG DICH NUGC

Hau hé&t cdc chit vé co tdén tai trong dung dich dudéi dang
cac chédt dién li. Chung phan li hoan toan hoac mot phén thanh
cdc ion. Vi vay, phan #ng gitta cdc chit trong dung dich thue
ch&t 12 phan dng gida cac ion. D€ e6 co s¢ dy doan phan ung
gilta cdc ion cén ndm vitng quy tdc viét phuong trinh phin dng
gilfa cdc jon va mdi lién hé giita tinh chét cdc nguyén t6 va vi
tri cta chdng trong bang tuin hoan cic nguyén té hda hoc.

§1.1. QUY TAC VIET PHUONG TRINH PHAN UNG ION

Ndi chung cac phan dng gilta cdc iom la thuin nghich. Mic
dd hoan toan cia phan Ung phu thudc vao nhiéu y&u t3, trong
d6 quan trong la hing s6 can bing va quan hé& noéng df cta
cdc chdt tham gia phan ttng.

Mudn danh gia chat ché kha nang phian dng cia cdc chat
cdn can cd vao hang sd can bang, ndng dé ban ddu cta cdc
chit dé tinh todn dinh lugng ndng 4 can bang cta ching. Tuy
viy, cé thé dua vao dai lugng hang s6 cén bing d€ du doan
dinh tinh chiéu huéng phan dng. N6i chung, cd th& chép nhan
quy udc cac phan Ung xay ra ¢ muc d6 dang k&€ néu hing =8
can bdng K > 1. Di nhién, quy uéc nay khéng thé ding lam
thude do chit ché d& so sdnh kha nang xay ra cha cac phan
ing, vi miéc do hoan toan cha cac phan ¥ng khong chi phu
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thudc gid tri cia hing s8 can bang ma con phu thude loai phan-
ing nwa. Ching han cdc phan dng :
Pbl| = Pb** + 2I° K

sl

=1,4.108 (1)
PbSO, | = Pt + SO K, =22. 108 (2)
4 4 52

Mac da K| = K, nhung nguoc lai dd tan cua Pbl, lai 1én
hon nhidu dg tan cia PbSO,. )

D61 véi cac phan dng phic tap thi ¢d thé tinh hing s6 can
bing cta phan dng tif cdc cAn bing riéng 1& duge ding d& 6
hgp thanh cin bing t8ng quat.

DE cho tign ngusi ta bi€u difn hing s§ cin bang qua gia

tri logarit hodc 4m logarit ¢la ching. Ta s& ghi gia tri 1gK hoac
pK = -lgK & bén phai cia méi can bing.

Chéng han, H,0 = H" + OH~ - 14
cd nghia 1a H"OH) = 107"
H* + F~ = HF 3,17
cd nghia 1a LEIF]—_ = K1 =107
: H'][F ]

Trong trudng hgp don gian, c6 thé ghi logarit cic hang s§
can bing bén canh céng thic cde chit tuong dng.

Vi.du : AgCl (IgK, = -10) cd nghia 1a [Ag'] [CI'] = 10710 -
Fe(CH,CO0), (1g8, _; = 3,38 ;6,1;8,T) ¢6 nghia la -

Fe’* + CH,CO0™ = FeCH,CO0?* 1g8, = 3,38 ;

Fe’* + 2CH,CO0™ = Fe(CH,CO0); Ig8, = 6,1 ;

Fe’™ + BCH,CO0™ = Fe(CH,CO0), Igb, = 8,7.

* D& () chi hoat ¢, dfu [ ] chi nbng do can bing.

Trong sach nay khi bidu didn gin ding dinh luft tac dyng khdi Iudng ta thay ( )
bing [ ].
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Di nhién logarit cia hing s6 can bang téng qudt bang téng
cdc logarit ctia cac hang s6 can bang riéng 1é dugde nhan vdi
hé s6 tudng dng :

2| CH,COOH = CH,C00™ + H'  2(-4,76)
FeS| = Fe?* + 5%~ -17,2
H' + 8% = HS" o 12,92
HS™ + H' =18 7,05
2CH,COOH + FeS| = Fe’* + 2CH,;CO0™ + H;8t  -69

Nhu vay, phan dng hda tan FeS trong CH,COOH xay ra voi
hiang sé can bang K = 1072, '

N6i chung, cdc phan dng gilda cdc ion cd thé xdy ra ¢ maic
d6 dang k&, n&u sin phdm phan dng thudc loai hgp chit it
phan li, it tan hosc dé bay hoi hon cac chdt ban dau. Phan
dng cing xay ra dugc néu tao thanh cic ion cd trang thai oxi
hoa khae voi cac chat ban ddu. Dya vao nguyén tiac trén cd
thé phan loai cac phan dng ion sau day :

I - Phéan ing axit - bazg

Cdc axit va bazo tuong tdc vdi nhau duge do tao thanh san
ph&m it phan li l1a H,0, la cdc axit va bazo yéu. i

Cac phan dng axit - bazo bao gém :

1. Phdn ung gide axit v bazo

Vi du : HCl + NaOH — NaCl + H,0

Phuong trinh phan #ng ion : '

H* + OH = H,0 gkl =
Chat it phan li 1a H,0.

CH,COOH + NH, = CH,COONH,



Phuong trinh phan ing ion :

CH,COOH = CH,C00~ + H* -4,76
NH; + H" = NH] 9,24
CH,COOH + NH, = CH,C00~ + NH; 4,48

Chat it phan i 1a NHI (axit cation).
2. Phdn ung giita oxit baze voi axit, oxit axit vdi bazo Ritm
Vi du - CuQO + HCl — CuCl, + H,0
Phuong trinh phan tng ion :

CuO + 2HY — Cu?* + H,0
Chit it phan li 1a H,O :

CO, + 2NaOH — Na,CO, + H,0

Phuong trinh phan t#ng jon :

€0, + 200 - COj™ + H,0

3. Phdn ung gita muéi axit yéu vdi axit maenh hon, giita
mudi bazo yéu véi bazo manh hon

Vi du : NaCH,CO0 + HC] — CH,COOH + NaCl
Phuong trinh phan tng jon :
CH;C00™ + H' = CH,COOH 4,76
tao thanh CH,COOH it phan li.
NH,Cl + NaOH — NaCl + NH, + H,0
Phuodng trinh phan vng ion :

NH; = NH, + H* IgK = -9,24
HY + OH™ = H,0 14
NH; + OH™ = NH, + H,0 4,76

Chat it phan [i 1a H,O.



II - Phan dng tao phitc

Cac ion kim leai phan dng v&i cac phdi t0 vo co va hitu co
dé tao thanh phidc chat it phan 1i. Trong phan tich thudng gap
cac phdc chét cha cae kim loal voi ede phdi td v co (C1, Br,
I", CN", NH,, SCN", 8,057, 8%, v.v...) va nhiéu phéi t& hiu

co (CH,CO0 , CEOZ_, EDTA v.v...). Mdc d6 phan dng phy thudc
gia tr] hang s6 bén 8 cda phén ung.
Vi du : Ag" + NH, = AgNH; : 3,32
Ag" + 2NH, = Ag(NH,); 7,24
hodc viét gon hon : Ag(NH,j): (g8, -, = 3,32;7,24).
3 day, [AgNHJ1 = 10>% . [Ag"I(NH,)
[Ag(NH,);1 = 107%* | [Ag*]INH,]

Céac ion kim loai trong dung dich nuéc tén tai it nhiéu dudi
dang phic hidroxo :

Vidu: Ag' + H,O = AgOH + H' -11,6
Fe’* + H,0 = FeOH?™ + H' -2,17

III - Phan Ung oxi héa - khi xay ra do sy thay ddi trang
thdi oxi hdéa etia cdc chiét

Vi du ; SnCl, + 2FeCl, = 8nCl, + 2FeCl,

Phan dng ion : Sn%* + 2Fe® =8n* + 2Fe?* 1a t8 hyp cua
hai nda phén dng :

lgK

sn?” = 8n*" + 2 -2E9/0,059

2| - Fe** + e = Fe?t 2.(E5/0,059)
Sn?" + 2Fe’" = 2Fe’* + Sn*" 2(EG ~ E$)/0,059
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thay EQ o+ 2+ = E{ = 0,14V va E} i+ = EY = 0,77V ta tinh
Sn 2

S ;‘[(.
duge Igk = 2(0,77 - 0,14)/0,059 = 21.

Trong tai liéw nay khi gigi thigu tinh oxi hda -~ khu cia cde
chdt thudng cho EY cha cde cap. Ching ta can cd vao dd dé
vigt phuong trinh phdn wng va tinh logarit hang s8 cdn béng
cha cic nda phdn dng lgK = nE®0,059 trong dd n 12 &8 e tham
gia phan dng khi. D&i véi phan dng oxi hda thi igK = -nE/0,059.
(Cde gia tri E° va 1gK ¢6 cho trong bang 3 phu luc 2).

Vi du : EOBrOJ_fBrO” = 0,54V (méi trudng kidm)
Phan dng BrO; + 2H,0 + 4e = BrO + 40H
xdy ra voi IgK = 4.0,54/0,059 = 36,6
Efprope = 1,34V (moi trudng axit).
Phén Wng Br  + H,0 = HBrO + H" + 2e
xdy ra vdi gk = - 2.1,34/0,059 = - 454

IV - Phan dng tao thanh hgp chét it tan

Miec do phan dng gitta ion kim loai v6i thudc thi tao duge
hgp chét it tan v&i nd phu thuéc vao tich s6 tan cta hop chét
tao thanh.

Tich s6 tan cang bé thi hgp chdt tao thanh cang it tan va
phan dng tao két tia xay ra cang dé.

Vi dy : Pb? phan dng manh voi T” hon la véi ClI° vi
Kspvor(= 10748 > Kopol, (= 10779
Ta viét PbCL | = Pkt + 2CI” -4,8

hoac Ph2* + 2C1~ = PhCl, | 4,8

10



PbL,| = Pb2* + 21° . ~7,86

3

hoac Ppé* + 21" = PbL, | 7,86

Khi trinh bay trong tai liéu nay chung tdi chi ghi tén hop
chédt it tan va IgK_. Can cd vao dd ban doc cd thé viét phuong
trinh phan dng va dy doan muc 40 phan ing.

Vi dy : Cho biét Ag’ tao dugc cdc hgp chdt it tan Ag,CrO,
(-12) ; Ag,Cr,0, (-10). Nhu vay, c6 th€ dy dodn phan dng
gitta Agt v8i dung dich K,CrO, va K,Cr,0,; nhu sau :

2Ag* + CrO7” == Ag,Cr0, | lgk = 12
2Ag* + Cr,04~ = Ag,Cr,0,] 1gK = 10

Trong thyc t&€ phan vWng xay ra gita cdc chat 14 su k&t hgp
cia 4 leai phdn dng trén. Mudc dé xay ra ctua phan dng cudi-
cung tuy thuéc vao quan hé gifa cic hing s6 can bang cia
ting phdn dng riéng l&.

V - Vi du minh hoa

1. Phdn ung hoa tan cdc chdt it tan trong nude

Céac két tua la hidroxit hodic mudi cua cde axit y&u hodc axit
dé bay hoi tan dugc trong cac axit manh hon. Chéng han,
Cu(OH), tan dugc trong CH,COOH

Cu(OH),| = Cu®" + 20H" -19,8

2| CH,CO0H = CH,C00™ + H' 2(-4,76)

2|H" + OH = H,0 2(14)

Cu(OH), + 2CH,COOH = Cu?* + 2CH,COO~ + 2H,0  -1,18

BaCO, tan duge trong CH,COOH nhung BaCrO, lai khéng
thé tan trong CH,COOH.
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BaCO,| = Ba’" + CO3” -8,3

2| CH,COOH = H” + CH,CO0~ 2(-4,76)

H" + CO;” = HCO; 10,33
- + _—

HCO; + H' = H,CO, 6,35

BaCO,{ + 2CH,COOH = Ba’" + 2CH,CO00™ + H,CO, -1,14

Phan dng xay ra hoan toan vi H,CO, = H,0 + CO, t lam
cho CO2 thodt ra khdi dung dich, nhat 1la khi dun ndng.

BaCrO,| =Ba’" + CrO;~ -9,9

CH,COOH =CH,C00™ + H* 4,76

H" + CrO~ = HCrO; 6,5

BaCr0,| + CH,COOH =Ba’" + CH,CO0™ + HCrO, -8,16

Hing s6 can bing qua bé (K = 107%1% phan dng thuc t&
x4y ra khong dang ké.

Céc két tua cing duge hdoa tan bing tic dung cha cdc chit
tao phic. Mdc do hoa tan k&t tha tity thuge vao quan hé
gita tich s6 tan cua k&t tGa vi cdc hing s6 bén cla cdc phic
tao thanh.

Chang han, AgCl tan dugc trong NH, do tac thanh phidc bén
Ag(NH,);. Tuy vay Agl khong tan trong NH, vi két tha cd tich
s8 tan qua bé : '

AgCly = Ag" + QI -10

Ag" + 2NH, = Ag(NH,); 7,23
AgCl] + 2NH, = Ag(NH,), + CI” -2,77
Agl) = Agt + 17 -16

Ag® + 2NH; = Ag(NH,); 7,23
Agl| + 2NH, = Ag(NH)] + I~ -8,77
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Két tua cd chia cdc ion cd tinh oxi hda khi, tan duge trong
cdc dung moi ¢ tinh khd hay oxi héa. Vi dy, két tua cda nhiéu
sunfua kim loai tan dugc trong HN03 do tac dung cia chatl
khit 8% vdi chat oxi héa NO; . Chang han, CdS tan duge trong

HNO, loéng :

31 CdS| = Cd*t + 8§27 3(-26,1)
3] 827 =8 + 2 3(16,3)
2 | NO; + 4H" + 3e = NOt + 2H,0 2(48,8)

3CdS| + 2NO; + 8H' = 3Cd** + 38} + 2NOt + 4H,0 682
Tuy vy HgS vi ¢ K, qué bé nén khd tan duoc trong HNO,

3| HgS| = Hg?t + 8§ 3(-51,80)
3| 8% =851 + 2 3.16,2
2 | NO; + 4H" + 3e = NOt + 2H,0 2.48,8

3HgS, + 2NO; + 8H"' == 3Hg?" + 35| + 2NO?t + 4H,0 -9,2

2. Phdn ung phéan hiy cic phite chdt do tao thanh céde hgp
chdt it phan li hodc tao thanh két tda.

Cac phuc chit la chat dién li yéu, phan li mét phdan thanh
ion kim loai trung tam va cdc phdi ta.

Néu phdi tix 1 bazo yé&u thi khi axit hda dung dich phdc
ch&t sé bi phan hily do phéi tif két hgp véi ion H' dé tao thanh
axit lien hgp it phan li. Jon kim loai cling ¢ thé tao dugc cac
phic khéc bén hon hoac tao thanhk ké&t tda khd tan va kéo theo
s phan huay phic dudi téc dung cua cac thudc thd tugng dng.

Mic d6 phan hdy cda phdc chdt nhiéu hay it la tiy thudc
vac mdi quan. hé gitta hing s0 bén cua phic vd dj bén cua cac
hop chit it phan li tao thanh.

Vi dy : HNO; phdn hdy phite amin cta cdc kim loai do tao
thanh axit cation NH it phan Ii :
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lgK

Cu(NH,);* = Cu®* + 4NH, -12
4| NH, + H* = NH} 49,24
Cu(NH,2* + 4H* = Cu?* + 4NH; 24,96

Phan itng xay ra gdn nhu hoan toan, vi vdy phdc mau xanh
dam Cu(NH__,')z"' mit mau ngay khi axit hda dung dich.

Phitc xianua cia Cd?" bj phan hiy khi cho tac dung véi H.S
vi tao thanh k&t tda CdS mau vang.

lgK

Cd(CN)Z~ = Cd?* + 4CN~ -18,85

H,8 = 2H* + 82° -19,92

2| CN~ + H' = HCN 2.9,35
52" + Cd?* =CdS| 26,1
Cd(CN)3~ + H,S = CdS| + 2HCN + 2CN~ 6,03

Tuy vay, cing trong didu kién. nhu trén phuc Cu(CN)i_ khong
bi phan hiy vi d6 bén qua lon (g8, = 30).

3. Phdn ing chuyén héa cdc két tia it tan thank cac hét
tiie khdc khé ten hon : :

Trong dung dich bdo hda ctia cdc mudi it tan cd cAn bing
gitta tudng ran va cdc ion tac nén két tua. Khi cho tdc dung
cdac thudc thu tao duge v6i cic ion nay mdt két tua khd tan
hon thi can biéng sé chuyén dich theo phia tao nén hgp chit
mdi it tan hon hop chidt ban diu.

Mic d6 phan ing chuyén hda thy thudec vao quan hé giia
tich s§ tan cda hai k&t tda.

Chéng han, khi cho Na,CO, tac dung v6i dung dich bao hoa
CaS0, thi sé& tao thanh ket tua CaCO, it tan hon :

CaS0, | =Ca?* + S0O%~ -5,9
CaZ* + COZ~ = CaCO, | 83
CaSO, + CO%‘ = CaCO,) + SO%" gk = 2.4
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§1.2. SU PHU THUQC GIUA TINH CHAT CAC CHAT
TRONG DUNG DICH VOl CAU TAO NGUYEN TU
CUA CAC NGUYEN TO

Cé thé& can ed vao céu tao nguyén tu cua cdc nguyén t§ dé
du dodn dinh tinh trang thdi tén tai cia chiung trong dung dich
va mot s6 tinh chdt quan trong cta cac chat.

Béi vi cdu tao cla nguyén ti cdc nguyén t5 dudge phan dnh
mdt cach quy luat trong su sdp xép vi tri ctia cdc nguyén to
trong bang tudn hoan ecdc nguyén té hda hoc cia Mendeleep,
cho nén cd thé€ can e vao vi tri clia cdc nguyén t6 trong bang
tudn hoan dé€ suy doan tinh ch4t cta cée ion trong dung dich.

Céac tinh chat hda hoc c¢é § nghia phan tich (tinh ch&t axit —
bazo, trang thdi oxi hda - khu, dac tinh tao phie, v.v..) c6

lién quan chat ché véi vi tri ecde nguyén t6 trong bang tudn
hean cdc nguyén té.

DE& tién cho viéc minh hoa méi litn hé gitta tinh chat véi vi

tri cdc nguyén t§ trong bang tudn hoan ta ¢6 thé sAp x8p cac
nguyén t6 thanh cac c6t ¢ 2 bang nhu sau :

Bdng 1
Cot a —
I I I11 v v VI VII
1 Li Be B C
2 Na Mg Al Si
3 K Ca Se Ti A% Cr Mn
4 Rb Sy Y Zr Nb Mo Te
5 Cs Ba bH* Hf Ta W Re
6 Fr Ra Ac Th Pa U

* DH = cic nguyén t6 d4t hiém
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Bdng 2

Cétbh —
I 1T i1 w v vi | VI
i
1 C N O F
2 Si P S Ci
3 Cu Zn Ga Ge As Se Br
4 Ag Cd In Sn Sb Te I
5 Au Hg Tl Pb Bi Po At

Trong bang 1 (céc ¢dt a) gém cdc nguyén t6 cua cdc phin
nhém chinh ca nhdm I, II vA cdc nguyén té cha cdc phén
nhém phu tit nhém III dén nhém VII {tru B, Al, C, 8i). Trong
bang 2 (céc cot b) gém cac nguyén té cia cac phan nhém phuy
cta cdc nhdm I, IT va cdc nguyén t6 phan nhdm chinh cta cdc
nhém IIT - VIL

I - Tinh chét axit - bazo

1. Tinh chat axit — bazo cla cae nguyén t§ phu thude vao
dién tich cia cac ion va bdn kinh cta ching.

Ion ¢é dién tich cang 16n va ban kinh cang bé thi khd nang
sonvat hda trong dung méi 6 cue (vi dy H,0) cang lén, va do
dé nd lam bién dang manh phan td nude, dan tdi su tach proton
ctia H,0 cang 16n. Vi du, HC10, (CI'7, H,0) cd tinh axit manh
hon HCIO (CI'!, H,0).

Bé dac trung dinh lugng dac tinh axit theo kich thuéc va
ban kinh ion, ngudi ta dung dai lugng thg ion hda la ti s6 dién
tich jon d6i v4i ban kinh jon Z/r. Khi gid tri nay cang bé thi.
tinh bazo cua hidroxit hinh thanh cang 16n va nguge lai, khi
gia tri nay cang 16n thi tinh axit cang tang.

Né&u hidroxit it tan thi tinh axit cda cdc hidroxit giam. Ndi
chung, cac hidroxit it tan khi phan ti lugng téng.
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2. Trong mdt hang ngang cha cac bang 1 v& 2, khi di (¥
trai sang phai tinh axit cla cdc cation cang téang va tinh bazo
cia cac hidroxit cAng gidm ; tinh bazo ctia cdc anion tuong dng
cang giam va tinh axit cang tang.

D&i voi mot cot doe thi quy luat ndi trén ap dung khi di tu
dudi lén trén.

Lit Be?* B3+ cH
Axit sz Mg22+ At Sitt
K Ca“*
|
Axit »
Cu+ zn2+ Ga3+ Ge4+ ASS+ Se6+

Axit ~ | Ag' Cdzt In>* sn**  sb* Te®
Aut g TP v B po®

Axit ~
Ngoai Ié : TI3* axit hon Ga** va In** ; Hg?* hon Cd%; Aut
hon Ag*.
Vi du : Di tit nhém ta thiy :

Al(OH), c6 tinh ludng tinh. Trong dung dich tén tai ca Al3+
va AIO

ARY AI(OH), AlO;

pH 4 11 >

0 phia trén Al la bo cd tinh axit hon. Trong dung dich khoéng ton
tai cation, hidroxit thé hién tinh axit, chi ton tai anion BO,.

BO;
pH e e R _._%._ —

Silic & bén phai clla nhém, cling ¢6 tinh chdt tuong tu bo,
khéng cd cation. Hidroxit cd tinh axit, chi ¢d anion tén tai.

H,Si0, HSiO; Si03~
pH B D

2-HHPT-PHAN II-A ' 17



O bén trdi cua nhém, magie chi tén tai & trang thai cation,
hidroxit ¢d tinh bazg. Trong dung dich khéng ¢d anion

Mg** Mg(OH),
11 "

pH

O bén trai nita, natri chi tén tai & trang thai cation & bat
ki pH nao. .
Na*

pH
Nhu vay, cdc hidroxit clia cdc nguyén t6 & phia dudi va bén

trdi cia bang tudn hoan 1 nhitng bazy rdt manh.

Nguge lai, cdc hidroxit cia cdc nguyén t6 & phia trén va bén
phdi 12 nhirtng axit manh, phan li hoan toan thanh anion, nhu
MnO,, v.v..

D6i véi cdc trang thdi oxi héa &m thi su bién thién tinh chat
axit dién ra theo chifu ti trén xuéng duéi va tit trai sang phai :

v \% VI VII
ct* N3 0% F~
Sit” p* g2 Cl”
Get CAsY Se? Br Axit
Sn* Sb> Te?” I

Po®"

Axit -~

Vi du, HF 1a axit y§u pK = 3,17, trong khi HI 1a axit rét
manh. pK; d6i véi HyTe la 2, d6i voi H,Se 1a 3,7, déi véi H,S
la 7.

Chii y : 1) Trong cliing mot co6t (bang 1) thi cdc nguyén t6
cua hang thd 4 va thd 5 ndi chung rdt gin nhau : Rb - Cs,
Ba -~ Sr; Y -DH ; Zr - Hf, Nb - Ta ; Mo - W, Tc - Re,
Ru - Os, Rh - Ir, Pd ~ Pt.
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Ndéi chung cée nguyén t6 & hang thit 6 cd tinh chét hoi khac.
Cdc nguyén t8 & cac hang phia trén khac nhau nhanh ddn, nhat
14 cdc nguyén t§ d cdc hang thd nhdt va thd hai thi su khéc
nhau da kha ré.

2) Trong bang 2, ta cing thiy nhén xét tuong tu. Diac biét,
cde nguyén t& hang 3 vA 4 rit giéng nhau : Cu - Ag, Zn -
Cd, Ga - In, Ge - Sn, As - Sh, Se - Te, Br - 1.

3) Nhing quy luat tuong ty cting 4p dung d6i véi céc trang
thdai oxi hda khie.

II - Trang théi oxi héa

DEi v6i moét nguyén t8 khi s6 oxi hda ting thi ban kinh ion
giam, dién tich tang, do dd, tinh axit cla cation tidng.

Vi du : Dé&i vdi clo

CrHt cr? crts crt’?
HCIO HCI0, HCIO, HCiO,
pK = 1.5 pK = 2 Axit manh
Axit »
D6i vdi crom
Crt2 Crt3 Crto
Cr(OH), Cr(OH), H,Cr0,
bazog hidroxit axit
ludgng tinh
Axit »~

Ndi chung & trang thai oxi héa cang cao thl pham vi tén
tai clia cation cang bi thu hep, hidroxit cAng trd nén axit va
trang th4ai t6n tai chd y&u la anion.

Vi du : mangan & trang thdi oxi hda +7 tén tai dudi dang
anion MnQj, +6 1a MnOZ™, +3 1a Mn va Mn(OH),, +2 la Mn?'
vad Mn(OH),.
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Cc thé gap trang thai tdn tai cla cdéc nguyén t6 phd bién
sau day :

+17

+6 .

+5

+ 4

3

: = Mot s6 axit : H,BO,, H,PO

€10}, 10, , ReO; , MnO}

UOZ", MnOZ™, céc axit va anion H,80,, HSO, , 807~
H,Cr0,, HCrO] , Cr02

: Mot s§ cation nhu VO;,PuO;, phé bi€n la cac anion

va axit :IIO;,BrO;, ClO;,NO;,HB’PO‘1 va H,AsQ,

- Mot s6 cation nhu Th*, Zr** | U%, Ce*, Sn**, Ti%
cé tinh axit manh, tdn tai chd y&u & dang phuc hidroxo
hodc oxo ngay cid & pH rat thdp ; Ti(OH)**, RuO?,
VO?* tén tai ngay ca ¢ pH = 0.

- Mbt s8 axit va anion : H,8i0,, H,80,, HSO;,SO%‘,

“H,C0,, HCO;,CO%.

, HCIO,, HNO,, H,AsO,.
- M6t s6 cation Au", TP, Bi%h Co™, Fe3*, Ga3, V37
Cr3*, 8¢, In®, AI3*, Ce™, Pu3', NTDH.... Phic hidroxo
xudt hién trong ving axit y&u hodc trung tinh.

: Cdc cation t6n tai dugc trong vang axit : Pd?*, Pt?* ;

Sa%*, Hg?, UOZ*, VO, Cu?*, Zn, Fe?*, Cd%*, Pb?*,

Ni%*, Co® va ca trong ving bazo - Mg?*, Cd%, Sr?*,
Ba’t,

: Hg?®, Ag*, Li*, TI* ; Na*, Rb*, Cs*, Fr' (t6n tai cho

dén viang rdt kiém).

: CI', Br™, I', F~ t6n tai cA trong vang rét axit .
: OH7, H,0

H,8, HS™, S%°, H,8e , HSe™, Se?”, HTe", H,Te, Te?

. + - + -
: NHy, NH,, NH;, H,P*, 5P, HP"



III - Tinh chét tao phiic

Ndi chung cdc phice chdt eling loai cda cac ion & trang thai
oxi héa cao bén hon cac phic chdt ciung loai d6i v6i cac ion &
trang thdi oxi hda thdp hon. Chang han, cdac phdc chat cua
Co3*, Fe** bén han céc phic chit tuong dng cia Co®*, Fe'.

Chéng han lg8, cta Co(NH,)2* la 35, cia Co(NH)Z' la 4,4.

Axit phdc manh hon axit don. Chiang han, H;Fe(CN); manh
hon HCN, HL,SiF‘5 manh hon HF, v.v...

IV - Su tao thanh cdc hgp chit it tan

Céac kim loai kiém tac dude cac hidroxit tan, trong do Li c6
ban kinh ion bé nhat vi vay liti hidroxit it tan hon. Hidroxit
cua cdc kim loai kiém thd it tan hon cde hidroxit kim loai kiém.
D6 tan gidm tir hidroxit Ra dén Ba.

Do tan clia cdc mudi sunfat nhém II cha bang tufin hoan
gidm khi di ti Be dén Ra : BeSO, tan nhiéu nh#t, cdc sunfat
Sr, Ba va Ra it tan. D§ tan cua céc halogenua bac giadm khi
di tt F~ dén I.

Céac cation ¢d & 1dp ngoai 18 hodac 18 + 2 electron (cft b
nhém I, II, IV, V) tao dude sunfua khdé tan.
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Chuong 2

PHUONG PHAP NGHIEN CUU TINH CHAT CAC ION
TRONG DUNG DICH

§2.1. PHUONG PHAP THUC NGHIEM NGHIEN CUU
TINH CHAT CAC ION

Muc dich cia gido trinh ]1a gidp hoc sinh phuong phap vén
dung li thuyét can bing ion dé€ du doan va giai thich tinh chit
cidc ion trong dung dich.

Cac tinh chdt co ban dic trung cho phadn dng cla cic ion
trong dung dich la tnn axit ~ bazg¢, tinh chdt tao phde, tinh
chét oxi hda — khit va khd nang tao thanh céc hygp chdt it tan.

Trong tai liéu sé gidi thieéu mot cdch t8ng quit cdc tinh chat
nay d6i vdi ting ion, trong trudng hop cén thist cd tinh todn
ban dinh Iugng (tinh hang s6 can bing phin &ng) hodc tinh todn
dinh lugng (tinh néng d¢ can bing) d€ giai thich hién tugng.

Phén thuc hianh ed cdc muc dich :
— Nghién cdu tinh chft cia ting ion riéng 18é.
- Minh hoa cdc quy ludt vé can bang ion.

~ Vé&n dung cdc tinh chdt d& hoc d& tach, phét hién cac ion
tit hén hgp cia ching.

Phan huéng din thuc hanh duge trinh bay dugi dang mot
sd d6 chi tiét hudng dén cdc thao tac thuc nghiém. Hoc sinh
phai dua vao cic tinh chét chung cia cdc ion da duge cung
cdp d€ dy doén phan iing, giai thich hién tugng. Duong nhién
nhitng dy dean nay dugc thyc hién mét phén trude khi lam thi
nghiém. D& cho tién, hoc sinh phai chufn bj mét dé cuong chi
tiét nhung sic tich trong dé ghi duge trinh ty céc dong tac
thuc nghiém, néu cdc hién tuong xAy ra, giai thich bing cde
phuong trinh phan tng.
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D& cho gon céin sit dung mot s6 quy ude, vi dy, két tua |,
chdt khi 1, c6 can-, dung dich : dd, dung dichk gbe dd”, v.v...

Vi du dé cuong nghién cdu tinh chat ion Ag® duge trinh bay
nhu sau :

Noi dung thi nghiém : Liy 1 giot dung dich AgNQ,, thém
3 giot HCI 2M. Li tam. Rita két tia. Thém it nuéc vao két tda
r6i chia ra 3 phéin. Trong 6ng 1 thém tung giot NH, 2M cho
dén tan h&t. Thém ti€p ting giot HNO, 2ZM. Quan sit hién
tugng, giai thich.

D& cuong :
85 Chét thu Thude thil Hién tugn Phan o,
thit ty | - uoc 1€n tugng g
1 DD, HCI 2N (3 giol) § tring agt + 0T =aAgar
2 b1 + H,0, chia 3
ApCl | + 2ZNH, =
3 1 2 * \NH3 _2M lan & + 3
(tung giol) Ag(NH,), + C
+ +
Ag(NH,)), + 2H* ==
+ HNO, 2V 2
DD . 3 +
4 3 tiing giot L tring Ag’ + 2NH,
Agt + €1 =AgCl |

§2.2. PHAN LOAI CAC CATION THEO NHOM

Nhim mue dich rén luyén nang luc van dung li thuyét dé
li giadi cdc hién tugng hda hoc, sau khi nghién cdu tinh chat
cdc ion riéng 18, ngudi hoc phai tién hanh phan tich d€ nhén
biét céc ion trong hén hgp cua ching. Viéc phan tich hé thdng
cdc ion trong hén hop cia ching nhim muc dich chinh 1a tap
phan tich suy luin vé cac didu kién phan Gng, li gii cac tinh
hudng thyc nghiém khac nhau, qua dd giip hoc sinh nam viing
hon vé li thuyét can bang ion cang nhu kién thdc vé cdc phan
ing ion. Khéng dat vdn dé trang bi phuong phép phén tich d&
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giai quyét cdc nhiém vu thyc t& Vi vay phdn phan tich hén
hop cling chi chiém mot ti 1é khéng 1on trong toan bp gido
trinh thuc nghiém va cing chi dong khung ¢ hén hop cac ion
thudng gap, va khong qua phuc tap.

CS nhiéu cdch phan loai cdc cation thanh cdac nhém phan
tich. Phé bién hon ca la phudng phdp phan loai dua cha yéu
trén sy khdc nhau vé tinh ch4t cda cac sunfua kim loai va phuong
phdp dya trén sy khac nhau vé tinh chét cia cdc hidroxit.

Phugng phép thi nhat diing thudc thit chung la H,S vi vay
con goi la "phuong phdp H,S8". Céc cation duge phan thanh
5 nhém :

Nhom 1 : cdc kim loai kiém NHj, Li*, Na*, K*, Rb*, Cs*,
Fr*.

Nhom 2 : cic kim loai kiém thd Ba®, Sr¥*, Ca?*, Mg?*,
(Ra?").

Sunfua nhém 1 va 2 tan trong nuédec.

Nhém 3 : Be™, AI**, Cr*, Mn?', Fe¥*, Fe3*, Co?*, Ni?',

#, Ga¥, In™, TiaV), Zr(IV).

Sunfua (hoac hidroxit) khong tan trong nudc nhung tan trong
cic axit manh.

Nhoém 4 : Ag, Pb?, Hg", Cu*, Au’, TI", Hg?, Cu®*, Cd?*,
Bi**, Pa%, T3+ ...

‘Sunfua khéng tan trong nudc va trong axit loing.

Nhém & : As(III), As(V) ; Sb(IID), Sb{V) ; Sn(IV) ; Au(IIl) ;
Ge(IV) ; V(V) ; W(VD) ; Mo(VT).

Sunfua tan trong cdc sunfua kidm va cic bazg maﬁh.

Phuong phap thd hai dya trén su khac nhau vé dé tan cua

cdc hidroxit kim loai trong cdc axit vA bazo kiém nhu NaOH,
NH,, nén cdn goi la phuong phap axit - bazg.
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Céac cation dugc phan thanh 6 nhdm :
Nhém 1 : cdc kim loai kiém Li*, Na*, K', Rb", Cs*, Fr*,
(NH,).

Nhém 2 : céc kim loai kiém thd Ba?', Sr**, Ca?*, (Ra?").
Céac hidroxit eta nhém 1 va 2 1a nhing bazg kiém.

Nhém 3 : cac cation tao dugc mudi clorua it tan : Ag', Pb2+,
Hg™, (TI', Cu', Au').

Nhom 4 : cac cation tao duge hidroxit tan trong NaOH du
BeZ*, AIP*, Cr**, Zn?*, Sn?', Sn*, Sb(IID), Sb(V), (As III), As(V),
Ga**, In*, cation ctia V, Mo, W).

Nhom 5 : cac cation cd hidroxit tan trong NH, hosc trong
hén hgp NH, + NH,CI do tao phic amin : Cu®*, Co?*, Ni*',
42t Hg2+.

Nhém 6 : céc cation tao dudc hidroxit it tan trong nuéc, tan
trong axit : Fe>', Fe?*, Mg?, Mn%', Bi** (cdc cation cla céc
nguyén t6 dat hiém, Ti, Zr, Th, U, Nb, Ta).

Trong gido trinh nay sé& trinh bay phan ing edc ion theo
nhdm cation phan loai theo phuong phdp axit - bazo. Vi khuon
kh8 sich cd han nén cling chi trinh bay tdp trung vao cic
cation phd bién nhat®.

Déi vdi cdc anion sé trinh bay theo cdc nhdm anion cla ting
nguyén t& (halogen, S, N, P, As, C, Si, B). '

Khi tién hanh phéan tich mét hén hop cation, cin ghi chép gon,
sdc tich két qua phan tich theo trinh tu cdc thi nghiém di tign
hanh &€ c6 th€ theo dai, dinh gid két qua da dat duge. Vi duy,
bang ghi két qua phén tich hén hyp cdc cation nhém III gém

¢é Pb?* va Hg§+nhu sau :

* Muc dich chinh cia gido trinh la nghién cffu tinh chét cia cic ion. Vigc sip x€p cac
nhém cation dufa trén tinh chAt axit - bazd clia ching, mi khéng difa*vao trinh tif phan
tich hé théng cac cation.
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S8 | Chat | .. . Hién Co Phudng trinh
1 | tha I'hude tha twong Két luan phin iing
IR HCI | Trang [ Nhom 111 7
2 [ 1|+ H0, ¢ s6i| tan it PHt .
3 1DD,1 + KCrO, | 4 vang | PpCro, | pb™ + CrolT == PBCrO, 4
4 |bpp,| +KI § vang Pol, PL’* + 21 =2 Pbl |
5 |4 4+ HO, ¢°soi| tan, ¢6 Pp**
Lo lai
tinh thé
vang
6 |} 1| + NH,du | | den Hg, HgNH,C]| Hg,Cl, + 2NH, == '+
Co Hg, { Hg+ HgNH,Cl + NH, +Ct”~
7 | DD, | + HNO, du | knong | khong cd
cé | Ag

§2.3. KI THUAT THUC NGHIEM

Phuong phap thue nghiém dugc ding d€ nghién cdu cdc ion
la phuong phip bdn vi. ThuSe thd v& dung dich nghién cdu
duge ldy tung giot mot trong cde 6ng nghiém nhé cd thé diang
dong th¥i lam 6ng nghiém li tam, thé€ tich vao cd 3 - 4 ml
(hinh I). Trong mét s§ truong hop cd thé thuc hién phan ing
trén tdm s cd 16 (hinh 2). Cdc tdm s¢ nay cd nhidu 18 nho
cd thé chida vai giot dung dich thd va thufc thd. Cde t&m sd
trdng rdt thuan tién d& tién hanh cac phan Ung tao duge dung
dich hodc k&t tia cd mau. Nguge lai, khi muén quan sat sy
xufdt hién k&t tla cd mau trdng thi nén diung tdm sd ¢d mau
xanh hodc den. Céac dung dich nghién cdu duge chifa trong cac
lo nhé, thuan lgi hon ca la dung lo ¢d thé tich ¢d 20 - 30 mi,
lo cd 8ng nhé giot cd bop cao su cho phép 14y duge timg giot
dung -dich véi thé tich méi giot khoang 0,083 ml. D&i voi cac
hda chét bay hoi manh (cic axit dic dé bay hoi, NH,) nén ding
lo thiy tinh ¢d nit nham va cd mo.

Khi tién hanh phdn tng, thong thudng ngusi ta chi 18y 1 -
2 giot dung dich thk va thém ting giot dung dich thudc thi,
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via lac déu, vita quan sdt hién tugng. Chi cho tiép thudc thi
sau khi dd quan sat hién tuong xay ra do giot thude thi# da

cho vao trudc dd.

D¢ tdach két tha ra khéi dung dich ngudi ta tién hanh li tam
véi tc d6 cén thidt. Dung pipet dai d& hit tdch dung dich
trong & trén két tua (hinh 3). Sau khi ding xong cén ria ngay
pipet bing cach hut rua lién tuc nudc c&t chda trong hai dng
nghidm riéng biét va cudi cung ngim pipet trong nuéc cdt chia
trong 6ng nghiém thd ba (Aink 4). Viéc ria két téa cing dugce
tién hanh theo cach tudgng tu : mdi ddu cho nude cdt hodc dung
moéi rda, khudy ki, li tdm, hit bé dung dich nudc ria trén két

tia bang pipet.

\J

Hinh I : Ong nghiém li tAm

-/

Hink 3 : Tach két tha ra
- khdi dung dich

— Ty f—

Hink 2 : TAm sl co 16

Hink 4 : Ong nghiém duyng
nudc cAl dé nta pipet
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bé dun ndéng dung dich ngudi ta
dung binh cach thiy don gian, gém
moét cdc hinh tru (bese) trén cd ndp
bang nhom cd khoét 16 d€ dut lgt 6ng
nghiém li tam. D& gitt cho 8ng nghiém
khong roi vio nudc ngudi ta ldp mot
vong cao su nhod (kink 8).

Cac hda chit rdn nén duge bao vé
trong cdc lo nhd miéng réng cé nép.
Dé 14y hda chédt ¢d thé dung cac thia nhé bing thiy tinh hoac
bai nhd bing sd.

Hinh 5 : Binh cach thuy

Chuong 3

CAC CATION KIM LOAI KIEM (NHOM CATION 1)
Li*, Na*, k', RbY, Cs* (NHZ)

Céc cation nhém I déu khéng mau. K*, Rb*, Cs* cé tinh
chdt gén gidng nhau. Xé&p ion NH‘;r vao day vi nd cd tinh chét
gén gitng X',

Ion Li' ¢d tinh ch&t trung gian gita Na' va Ca?’.

Cic jon thudng gap : Na', K, NHI.

§3.1. TINH CHAT CHUNG

1. Tinh chét axit — bazg

Hidroxit cta cdc kim loai kiém la nhitng bazo manh. KOH
hoi manh hon NaOH. Ching déu dé& tan trong nudc. Cdc ion
khoéng thé hién tinh axit, bazo.
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Ion NH;r cd tinh axit y&u va NH3 la mot bazo yé&u
NH; = NH, + H' IgK = ~9,24
pH cia dung djch 0,1 M vao khodng 5,1.

2. Tinh chit tao phic

Thuc t& khéng c6 cac phic chit bén tac thanh béi cac cation
nhém I. Phdc bén nhdt ]a Li* ~ EDTA, cd 1g8 = 2,8 NH, tao
dugc nhiéu phdc chédt véi cac kim loai khdc nhau : Cu?, Cu?,
Co?*, Co®", Cd%*, Zn?*, Ag*, Hg?*, Ni**. Cac phic nay b1 phan
hiy trong moéi trudng axit do sy proton hda cha NH,

. +
NH, + H = NH;

3. Tinh chat oxi héa - kha

Chi ¢6 mot trang thdi oxi héa la M*. Thé dien cyc cda cap
M*/M cd gia tri rdt thdp :

-3,0V, Ega Na

Cac kim loai nhém 1 |3 nhitng ch&t kh( r4t manh. Chﬁng-
khit duge nudc tao thanh H, ké ca trong mdi trudng kiém.

EO

Li ;"Ll = = 2,7V, E§+IK = —2,9V.

Cée ion kim loz_ai. nhém 1 14 nhitng chdt oxi héa rat yé&u.
Ching chi bi khit bing dién phan mubi néng chay.

Ion NH‘;r bi oxi hda trong méi trudng axit bdi nude cudng toan,
clo, brom, v.v.., trong mdi trudng kiém bdi CIQ~, BrO~, MnO,,
8,05 (khi c6 Ag"). Phan ing oxi hda tao thanh N,.

4. Hop chdt it tan

Cdé mét s6 mudi it tan tuong ty nhau cua K* va NH: :
KClO, (IgK, = -2), NH,CIO, (+0,6), K,Na[Co(NO,),]

= [Na'J{K*[Co(NO,)27), IgK, = -11.

29



(NH,),Na[Co(NO,)] (IgK, = -11,8 - -14)

K,[PtCL] (-5,1) ; (NH;),[PtCl} (~4,5)

)2
KHTuart (-3,5).

Ion Na' tao dudc mot s8 rdt it hogp chét it tan : natri kém
uranyl axetat (d6 tan § = 0,02M), Na,3iF; (S = 0,03M), NaSbO,
(0,016M).

§3.2. PHAN UNG CUA CAC ION

I - NATRI
Na = 22,99 ; (Ne)3s

1. Phan ing vdi uranyl kém axetat

Trong méi trudng axit yéu thufc thd phan dng vdi ion Na*
cho ké&t tia vang nhat, hoi huynh quang cta mudi ba

' 3UQ,(CH,C00),.Zn(CH,C00), NaCH,CO0.6H,0

Phan dng kha dic trung, d6 nhay _1.10_3M Na*. D nhay
phu thufic ngudn dnh sang ti ngoai.

Ditu kién phdn ung :

a) Néu db axit qud cao thi k&t téa tan, vi ion CH,COO™ bj
proton hda tac thanh CH,COOH, néu d6 kiém cao uranyl sé bi
két tha dudi dang uranat Na,U,0,. Nén tién hanh phian ing
trong dung dich dém axetat.

b) Khi cd cdc ch&t tao phitc manh véi Zn?t, UO%+ thi phai
diung dd thude thi. : :

c) Rat it ion cho phan ing tuong tu Na* ; K* cho phan dng
néu C.+ = 0,1M, két tia cd huynh quang yéu hor cta Na*.
Co thé tach bot K* dusi dang két tua KC1O,. Ion Li* can trd
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phdn dng néu nong d6 vugt qua 0,1M. Két tia cd huynh

quang yéu.

Céc ion Ba®*, Sr®*, Ca?" phan tng & néng d6 cao (0,1M).

2. Quang phd nhin thiy
Vang 587 - 589%nm. Mau lita : vang, rdt nhay.

iI - KALI

K = 39,10 ; (Ar)4s

1. Phan dng véi natri cobantinitrit Na,[Co(NO,)]

Na,Co(NO,); — 3Na* + Co(NO,)3

Co(NO,);™ + Na™ -+ 2K" =K,Na[Co(NO;)(] | vang

Do nhay 2.1073M hoac 70y (1y = 10°% g/ml).
Digu kién phdn ing :

a) Dung dich phai cd méi trudng axit yéu, trung tinh. Trong

méi trudng axit manh thudc thu bi phan huy :
Co(NO,3~ = Co™ + 6NOj
NO, ia anion céa axit nitro bi proton hda
_ NO; + H* = HNO,
HNO, khit Co* thanh Co?*
Co** + HNO, = Co%* + NO, t + H*
va ty oxi héa - khit |
2HNO, = NO, t +NO 1 +H,0
T3 hop (1), (2), (38), (4) duge :
2Co(NO,)?™ + 10H' =2Co®" + 7NO, + 5NO + 5H,0.

(1)

(2)

3

(4)
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Trong dung dich kiém c¢d két tia Co(OH), mau nau :

_ Co™* + 30H =Co(OH}; |

Thuc t& thudng tién hanh phan dng trong méi trugng dém
axetat {pH = 4 - 5.

b} Cac chit oxi hda manh (MnO;, H,0,, v.v...) oxi hda
NO,, cac chit khit manh (I', H,8) khi ion Co®" lam phan huy
thuéc thi. Khi 4y phai dung du thude thi.

¢) Khi cd cdc chdt tao phic manh vdi Co>" (vi du CN") phai
ding du thudc thi.

d) Trong céc dung dich loang phéai dé lau mdi co két tia
xuft hién. Né&u tao thanh dung dich quéd bao hoa thi phai co
nhe & thanh éng nghigdm.

e) Cac ion NH,, Cs*, Rb' cho phanr ung tuong td. Co thé
dudi trudc ion NH;' bang cdch dun v6i NaOH.

g) Mot lugng it cdc ion kim loai kiém thd va Mgt khoéng
cAn trd phan ung. Cd thé phéat hién ion K*' khi ¢d lugng gép
1500 ldn cda Na*. '

h) Céc ion Sb*, Bi®*, Sn*, UOZ* can trd phan tng, cd thé
che biang EDTA.

2. Phan 1ing vdi natri hidrotatrat NaHC H O

Ton HC,H,0; tao voi ion K* két tia tréng tinh thé KHC,H, O,
(Igk_ = -3,5).

Két tha tan trong nuéc ndng, trong dung dich axit két tia
tan tao thanh H,C H,0, it phan li :

KHC,H,0, | =K + HC,H,0 .-3,5
HC,H,0, + H" =H,C,H,0( 3,04
KHC,H,0, | + H' =K + H,CH,0, gk = -0,46
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Két tia cing tan trong kiém do tac thanh muédi trung tinh

KHC,H,0, | = K +HCH,O, -3,5
— i 2_
HC,H,0, = H' + C,H,0; -4,37
H' + OH = H,0 14
KHC,H,0, | + O =K' + C,H,0{” + H,0 gk = 6,13

Cé thé dung axit tatric lam thuc thd nhung phai tién hanh
trong moi trudng dém axetat

H,C,H,0, =H' + HC,H,0; -3,04
CH,COO™ + H* = CH,CO0H 4,76
HC,H,0, + K" ==KHC,H,0, 3,50

H,C,H,0, + CH,C00™ + K* =KHC,H,0, | +CH;COOH 5,22

3. Quang phd8 nhin théy
Do 760 — 770 nm, tim : 404 nm. Mau lia : tim.

IIT - AMONI

1. Phan 1tng dudi ion NH;r
Do ion NHI la mét axit yéu va NH, dé bay hoi nén khi dun
néng véi dung dich kiém thi fon NH; sé bi dudi khoi dung dich :
+ E——
NH, + OH" =NH; ?t +H,0

Khi nung néng cic muéi amoni (4 nhigt d6 < 1000°C) thi
ndi chung cdc mudi nay sé bi nhigt phan cho NH; bay ra :

)
NH,Cl — NH, * + HCI 1

Né&u axit cd tinh oxi hda thi NH, thodt ra bi axit oxi héa
cho nhitng san phdm khd khac nhau (N, N,O,.).
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[¥]

t
NH,NO; — N,0 1 +2H,0 t
NH,NO, — N, 1 + 2H,0 1

I
3(NH,),80, - N, t +4NH,;t +380,% +6H,0 1

2. Phan tng vdi thudc thi Netle (Nestler)

Thuéc thit Netle 1a dung dich kiém cta muéi kali iodomecuriat
(K,[Hgl,] + KOH). Ion NH; phan tng véi thudc thit Netle cho
két tua keo mau nau do

NH, + OH - NH, + H,0
2HgE™ + 2NH, — 2HgNH,L, + 4"
2HgNH,I, —» NH,Hg,I, | + NH, + I

Néu néng d6 ion NH, rdt bé thi ta duge dung dich keo mau
da cam.

Phan dng rét dic trung, d6 nhay 5.107° ton—g/l.

Chii ¥ : '

Khi kiém héa dung dich phan tich con chila cic cation khac (thém NaOH 4N}
thi ¢ thé xudt hién cic két tia cé may ca mot s& hidroxit : Bi(OH); mau wréng,
chuyén vang khi néng, Cr(OH); mau xanh lyc chuyén thanh xam khi dun 501, Co(OH),
xanh lg héa héng khi nong, Cu(OH), xanh 13 héa den khi dun néng, Fe(OH), xanh
réu chuyén thanh ri sit, Fe(OH), ri si, Mn(OH), tring hoa nau & khong khi, HgO
vang, Ni(OH), xanh lyc, TI(OH); ri sit. Cac két tia hidroxit kim loai quy cd mau,
cic ion kim loai Be?*, Sp** o6 thé cho két tha co miu tring khi dun néng. Cac
photphat, asenat ¢6 thé k&t iha. T4t ca cac phan dng t20 k& tia trén déu c6 do

nhzy thip. Néu két tia khdng xudl hién thi cé thé doan la lugng cic nguyén t6 trén
khong dang ké.

IV - RUBIPI VA XESI

Rb = 85,47, (Kr) 5s ; Cs = 132,9, (Xe) 6s
Tinh chdt cdac ion Rb* va Cs* rit gan K.
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Mot s6 mudi it tan : RbBCIO, (-2,6) ; CsClO, (-2,4) ;
RbMnO, (-2,6) ; CsMnO, (-1,1).

Thudng phat hién bing phuong phép quang phé.

Rb*, Cs* cho mau lia tim héng, quang ph8 vach nhin thdy :
Rb' 2 vach tim 420, 428 nm ; Cs' 2 vach xanh 450, 459 nm.

Vv - LITI

Li = 6,94 ; (He) 2s

Tinh chéit ctia ion Li* r4t gin céc ion kim loai kiém thé.
Hidroxit 13 bazo it manh hon céc hidroxit kiém khdc. Mot s6
muéi it tan tuong ty mubi cdc kim loai kiém thd

Li,CO, (-2,4), LiF (-2,3), Li;PO, (~12,5)

Ton Li* duge phat hién chd y&u bing phuong phdp quang
ph8. Quang ph§ vach mau d6 671 nm. Mau ngon Idta d6 chdi,
rét dac trung khi khong cé Sr2'.

§3.3. HUONG DAN THUC HANH

I - PHAN UNG CUA ION K'

1. Phan fng vdi natri cobantinitrit Na,Co(NO,),

a) Tinh chét cia thubc thi :

- Laiy vao &ng nghiém 2 giot thubc thd, thém 1 giot HCI.
Lic déu. Quan sat su thay d8i mau dung dich. Giai thich.

- Liy 2 giot thubc thit. Thém 1 giot NaOH. Quan sat hién
tugng. Giai thich.

b) Tinh chdt cia két tia KNa,Co(NO g :

- Ldy 1 giot KCl, thém 1 giot CH,COCH 2M, 1 giot thube
thit. L& déu. Co nhe & thanh &ng néu cdn. Quan sdt mau,
dang k&t tua xu#ft hién.
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~ Li tam. Tach k&t tia. Thém mét it nudc cit, chia lam ba
phan. Trong phan moét thém 2 giot HCl, trong phén hai thém
2 giot NaOH. Phén ba duge dun ndng. Quan sit hién tugng.
Giai thich.

2. Phan dng véi axit tatric

a) Lay 1 giot dung dich KCl. Thém 1 giot dung dich axit
tatric. Lac déu. Co nhe & thanh dng. Quan sdt hién tugng.

b) Thém 1 giot NaCH,COO vao dung dich thu duac Lic
déu, Quan sat hién tuang Giai thich.

c¢) Li tdm. Tach ldy két tuaa. Thém it nudc vao, chia déu
lam ba :

- Dun ndéng phin mat.

- Thém 1 - 2 giot HCl vao phén hai.
- Thém 1 - 2 giot NaOH vao phdn ba.
Quan sat hién tugng. Giai thich.

3. Mau ngon lia

Lay 1 day Pt, tdm HCI. Dét néng & ngon l¥a dén khi che
dén sach (mau ngon lita khong déi). Nhung ddu day Pt vao
dung dich KCI réi dua vAo ngon Ita. Quan s4t mau ngon lia.

II - PHAN UNG CUA ION Na*

1. Phan ng véi dung dich kém uranyl axetat

Liy 1 giot dung dich NaCl, thém 1 giot CH,COOH, 3 giot
thudc thd¥. Dang dia thdy tinh co nhe & thanh 6ng Nhan xét
mau va dang két tua tach ra.

2. Mau ngon lda
Lam nhu trong thi nghiém 3 d&i véi ion K'.
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[II - PHAN UNG CUA ION NHji

1. Phan ing v6i dung dich NaOH

Ldy 5 giot dung dich NH,C], thém cé&n than 2 giot dung dich
NaOH dac (tranh khong day ra miéng 8ng nghidm). Dun nhe
dung dich. Liy 1 m#u gidy quy dé tdm udét d€ 1én ddu miéng
6ng nghiém. Quan sat su d6i mau gidy quy. Giai thich.

2. Phan ang vdi dung dich thudc thi¢ Netle

Lay 1 giot dung dich NH,Cl, pha lodng véi 1 m! nudc. Thém
1 giot dung dich thuéc thit Netle. Quan siat mau dung dich.

3. Phan dng véi dung dich natri cobantinitrit

Lam nhu trong thi nghiém 1.b) déi vai ion K.

4. Phan ang v4i axit tatric

Lam nhu trong thi nghiém 2 d6i véi ion K'.

CAU HOI VA BAI TAP
1. Trinh bay phan dng gitta K* va Na,;[Co(NO,) 1. Néu diéu

kién phan Ung.

2. Trinh bay phan dng gita Na* va kém uranyl axetat va
néu diéu kién phan dng.

3. Trinh bay phan dng giita ion NH: va thudc thd Netle.
Néu diéu kién phan dng

4. Giai thich vi sao cd thé dudi ion NH; ra khéi dung dich
bang cach ¢d can va nung.

5. Trinh bay phuong phdp nhan bi&t titng cation trong cdc
hén hgp sau :

a) NHj, K*, CI”
b) Na*, K', CI”
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¢) NHj, Na*, CI" .

d) K, Na*, NHj, CI’

6. Lam thé& nao phan biét duge cic dung dich sau day :
a) NaOH, b) KOH, ¢) KCl, d) NaCl

Duge phép dung : gify quy, cic chidt chi thi axit - bazg,
phan ung mauo lia.

Chuong 4

CAC CATION KIM LOAI KIEM THO
(NHOM CATION 1i)
Caz"', Sr2+, Ba2t

Cac kim loai kiém th8 ndm trong phén nhdém

I chinh nhém II bang tudn hoan Mendeleep.
Be Cé4c ion Be?*, Mg?*, Ca?", Sr?*, Ba?*, Ra’* déu
Mg khong mau. Be?*, Mg?" hai khée tinh chdt cla cdc
ga ion con lai :
r

Be(OH), ludng tinh, Mg(OH), két tia 6 pH > 10.
Ba 2 2 _
Ra Cic ion Ca?*, Sr’*, Ba?*, Ra?' cd tinh ch4t gdn

giéng nhau. Hidroxit 12 nhitng bazc manh.
Caz»f’ Sr2.+ Ba2+

Ca = 40,08, Ar (4s2) ; Sr = 87,62, Kr (5s?) ; Ba = 137,31,
Xe (6s2).

s4.1. TINH CHAT CHUNG

1. Tinh chét axit - bazdg

Cac cation nhém II déu la nhitng axit rdt yéu :
Ca® + H,0 = CaOH" + H' -12,6
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Sr¥* + H,0 =8rOH" + H" -13,2
Ba** + H,0 =BaOH" + H' -13,3
pH cia dung dich Ca®* 1M vao khoang 6,3.

Cac hidroxit cia cdc cation nhdm II déu 1a nhiing bazo manh,
trong d6 Ba(OH), manh nhdt. D tan cida cdc hidroxit khong
18n : Ba(OH), 0,1M ; Sr(OH), 0,05M ; Ca(OH), 0,02M.

2. Tinh chét tao phite

Céc cation nhém II tao duge mot s8 rat it phidc chdt bén.
N6i chung d¢ bén cda ting phic chdt gidm khi di tu Ca®t
dén Ba®'. Cac phiuc tuong d6i bén : phic pirophotphat
CaP,07% (g8 = 5,6), StP, 01" (5,4), BaP,03” (4,6). Phic EDTA
bén nhét : Ca¥? (10,8), SrY?™ (8,6), Ba¥? (7,8); trong dé Y+
chi anion cda EDTA.

Ion Ca®* tao duge phic it bén véi ion SO : CaSO, (2,31)

Phan dng tao phic nay duge diung d& tach Ca®* ra khoi Ba®

va Srt.

3. Cdc mué6i it tan quan trong : Cdc cacbonat, sunfat,
oxalat, photphat ¢d mau tring, cromat cé mau vang.

Cac cacbonat : CaCO; (-8,3), 8rCO, (-10), BaCO, (-8,3). Téc
dé tao thanh k&t tda cacbonat tang lén khi dun ndng.

Cac cacbonat tan duge trong cdc axit, k€ cd axit axetic do-
tao thanh H,CO, la axit y&u va d& bi phan hiy thanh CO,.

Cédc cachonat cing tanh mot phén trong cdc mudi amoni.
Vi du, do tan cia CaCO, trong mudi NH, 1M la = 4.107°M

CaCO, | + NH; = Ca** + NH, + HCO; -7,21
c 1
[] 1-S s s S

S$3(1-8) = 10073 - § = 3,98.10°M

Cdc sunfat : Do tan cha cic mudi sunfat tang khi di tia BaSO,
dén CaS0,. LgK_ cia BaSO, (-10}), Sr80, (-6,5), CaS80, (-4,6).
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Két tia CaSO, tan nhiéu nhat. Mudn lam k&t tia hoan toan
ion Ca?' duei dang CaSO, thudng phai thém it rugu etylic
Trong méi trudng rugu do tan cia muéi gidm hin xuéng.

Do sy khac nhau nhiéu vé do6 tan nén dung dich bao hoa
cia CaSO, lam két tua duge cdc ion Ba®* va Sr¥. Thuc té,
trong dung dich bio hoa CaSO, : [ Ca®*] = [80,% = 10723 Khi
cho 1 thé tich dung dich nay tdc dung véi 1 thé tich bing nhau

1
' : + -2 H - -43 _
ciia dung dich Sr** 2.107?M thi Cspt - Cyqi= = 5 - 10747 =
1074 > Ko o, (107°%) va o6 két tia SrSO, téch ra.

Béi vi H50, la mét axit y&u (IgK = -2) nén cdc mudi sunfat

CaS0,, 3r80, tan duge mot it khi dun ndng trong cdc dung
dich axit manh. BaSO, tan it hon.

Muén hoa tan cac sunfat nhém II t6t hon 1a nén chuyén
hda ching thanh cac cacbonat tuong dng va sau dd hoa tan
trong axit bat ki.

Cdac mudi sunfat Sr, Ca tan nhiéu hon cdc cacbonat tuong
ing, vi vay viéc chuyén hda tit mudi sunfat thanh cacbonat
khong khd, chi cdn dun néng két tda vai dung dich Na,CO,
la dua :

CaSO, § = Ca™ +802” -6,5
CaZt + CO%‘ =CaCo, | 8,3
CaS0O, | + COZ™ =CaCO, | + SO IgK = 1,8

Ngugc lai, BaS0, khd tan hon BaCO, nén rit khdé chuyén
ti sunfat sang cacbonat :

BaSO, | = Ba® +803~ -10
BaZ* +C0{~ = BaCO, | 8,3

BaSO, | +COJ™ = BaCO, | + SO gk = -1,7
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BaSO, | + CO = BaCO, | + 80}~
C I
[1] I-x x

= 10717 = 2107
1 —-x

[S0I7] =x = 2.107 M

Nhu vay, khi lic két tia BaSO, vdi dung dich NaZCO
cho dén can bang chi ¢6 khoang 2% Na,CO, tham gia phz’m
ing chuy&n héa BaSO, thanh BaCO,. Trong thuc té dé chuyén
hoan toan BaSO, thanh BaCO, phél dun nhidu lan két tha voi
dung dich bao hoa Na,CO,. Sau mbi 1dn dun phai li tAm tdch

bé dung dich d€ dudi hét ion SO4 giai phdng ra va thay bang
mot phin méi dung dich Na,CO,.

Cdc oxalat : Do tan cla cdc oxalat giam khi di ta BaC,0,
dén cac CaC,0,, 1gK, : BaC,0, (-6,8), 5rC,0, (-7,2), CaCzO4
(-8,6). Vi axit oxalic 1a axit trung binh & ndc 1 (1gK, -1,25)

vh yéu & nde 2 (-4,27) nén két tua CaC,0, chi tan duoc trong
axit manh, it tan trong axit axetic :

CaC,0, | =Ca® +C,0% -8,6
CH,COOH = CH,C00™ + H* 4,76
H' + C,03” =HC,0, 4,25

CaC,0, | + CH,COOH =Ca’" + HC,0, + CH,C00™ IgK = -9,1

D6 tan cua CaC,0, trong CH;COOH 1M vao khoang 10 M
(trong nudc vio khoéng 5107 SM)

CaC,0, it tan nén c¢d thé dung (NH,),C,0, lam thude thiu
tao két tia v6i ion Ca®" trong dung dich chua phitc CaSO,.
Chéng han, trong dung dich bao hda CaSO, va Sr80, cd chua
néng d6 ion SO~ 2M thi Cg+ = 107%%2 = 107%%, Khi cho téc

: 2- ; - _ 178
dung véi C,0; O,1M thi Cg2+ . Cczoi = 10 < Ks(Sr(‘.z()d) va
khong thé c6 két tha SrC,0, xudt hién. Ngudc lai, trong diéu
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kien do Coat = 107%%2 = 107° va C 2+ . Co - = 107 >
_ . o

KS(CaCZOQ} va vin co két tia CaC,0, xudt hién.

Céc cromat : Do tan tang tu BaCrO, dén CaCrO, (IgK_ caa
BaCrO, (-9,9), SrCrO4 (—4,4), CaCrO4 -1,6)).

Nhu vay BaCrO, la it tan nh4t. Su khdc nhau vé d¢ tan
cho phép phat hién ion Ba®* khi cé mat cia Sr?* va Ca?* biang
dung dich K,Cr,0, va cho phép tich hoan toan Ba®* ra khéi
Sr** va Ca® ‘dudi dang két tia BaCrO, bing dung dich'K,Cr,0,
& pH thich hgp.

Thyc t&, khi dung dung djch Cr,027 0,1M lam thuc thi thi -

 Cr,02" + H,0 =2Cr02™ + 2H* lgK = -14,6
C 0,1
[1] 0,1 - x 2x 2x

Két qua tinh cho ta [CrO37] = 2x = 1,5.1079M
Né&u Cpa+ = Cg2+ = 0,01M thi

— — _6 _9’
CB32+ .- CC[‘Oi = 1,510 > KS(BBCTO4) (10 9)

Neguoe lai, Cgar . Cppm = 1,5.1078 < K g o 0y (1079, trong
diéu kién nhu vay chi cd BaCrO, két tua.

Mu6n tach Ba?* ra khéi Sr?* cdn lam gidm néng doé ion Ba?*
xudng khodng 107°M. Mudn vay,

_ 16799106 _ 1039
Cerot™ > Kypaceo f Cast* = 107797107 = 10

Cr, 02" + H,0 = 2Cr0%~ + 2H* -14,6
C 0,1
10739
— -39
[1] (0,1 5 ) 10 h

Viéc tinh cho thdy [ H'] < 107* va pH > 4

Trong di8u kién d6 mudn cho ion Sr** vén khong bi két tua

: ; -4400-2 = 1024
thi CCrOj_ o Cgpt < Ks(SrCr04) va CCrOi_ > 1073107 = 1074,
Viée tinh tuong tu cho thdy [H'} > 10754 hay pH < 5,4.
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Nhu vay, mudn tach hoan toan ion Ba?* ra khoi ion Sr¥t
duéi dang k&t tia BaCrO, phai duy tri pH trong khu vuc 4 - 5.
Thuc t& thudng tach trong méi truong dém axetat.

Cac phoiphat : Cdc photphat trung tinh nhu Cay(PO,), rit
it tan trong méi trudng kiém. Tuy v4y, vi ndc thd ba cua axit

photphoric H,PO, 14 mét axit rdt ysu HPO]™ (IgK; = -12,3)
nén ngay tit pH = 7 dd cd k&t tda CaHPO, xuat hién.

$4.2. HUONG DAN THUC HANH

I - PHAN UNG CUA ION Ba?*

1. Tinh chit caa bari sunfat

a) Ldy 3 giot BaCl,, thém 3 giot nude, 2 giot H, 50,
Quan sit t6c do xuat hlén k&t tua. Li tém, tach lﬁy ké’t tua
Thém it nuéc cdt, chia déi.

b) Them vao phin mét 2 - 3 gigt HNO, 2M. Dun ndng.
Quan sét. Giai thich.

¢) Thém vao phén hai 1lm! dung dich Na,CO,; bao hoa. Dun
s6i. Li tam. Thch 14y két tda. Lai thém 1m! Na,CO, béo hoa
va liap lai dong tdc nhu trén 1 14n nita. Sau d¢ ldy k&t tda thu
duoe cho tac dung véi 1 giot CH,COOH dac. Quan sat hién
tugng. Giai thich.

d) Ldy 1 giot BaCl,, thém 2 giot dung dich Ca80, bao hoa
(nuéc thach cao). Quan sat. Giai thich.

e) Ly 1 giot BaCl,, thém 2 giot dung dich 5r80, bdo hoa.
So sanh voi két tda thu duge trong thi nghiém l.a). G1é1 thich.

2 Tinh chit cua barl cromat

a) Can bing trong dung dich thude tht K,Cr,0,

Liay 2 giot dung dich K CrZOT Quan sat mau dung dich.
Thém 2 giot dung dich NaOH 2M. Quan sdt mau. Lai thém
ti€p 3 giot dung dlch HCl 2M. Quan sat sy d8i mau. Giai thich.
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b} Lay L giot dung dich BaCl,. Thém 1 giot dung dich K,CrO,.
Nhan xét mau k&t taa va téc do xudt hién két tda.

¢) Lay 1 giot dung dich BaCl,. Thém 1 giot dung djch
'KZCrZO?. Nhan xét mau, khéi luong k&t tua xudt hién. Thém
1 giot dung dich CH,COONa. Khéi lugng k&t tda xuit hién cd
thay d6i khang ? Giai thich

d) Li tam, tach lady két tha thu dugc trong thi nghiém 2.b),
thém 2 giot dung dich HCl 2M. Lic déu. Quan sit xem k&t tua
¢é tan khong ?

e) Li tdm, tach ldy ké&t tta thu dugc trong thi nghiém 2.c).
Thém 2 giot dung dich NaOH. Cd gi xay ra ?

3. Tinh chét caa két tia BaC,0,

a}) Lay 2 gi¢t dung dich BaCl,, thém 2 giot dung dich
(NH,),C,0,. Quan sat ké&t tia xuit hién.

b) Li tam, tach 18y k&t tdua thu duge. Chia lam hai. Thém
2 giot dung dich CH,COOH 2M vao ph&n mét va 2 giot dung
dich HCl vao phdn hai. Két tda cd tan khong ? Tinh hing s6
cdn bang cua phan dng.

II - PHAN UNG CUA ION Sr?*

1. Tinh chét cia SrS0,

a) Ldy 1 giot dung dich Sr(NO,),, thém 2 giot nudc. Thém
1 giot dung dich H,80, 2M. Quar sit mdec d¢ xudt hién két
tia sau khi nho thudc thi va sau khi dun cach thuy vai phut.

b) Liy 1 giot dung dich Sr(NOj),, thém 1 giot rugu etylic
va 1 giot dung dich H,S0O, 2M. So sdnh két qua thu duge vdi
két qui trong thi nghlém la)

¢} Li tam, tach ldy két tha trong thi nghiém 1.a). Thém 2
giot dung dich HNO,; 2M. Léc déu. Dun cach thuy vai phit.
Ké&t tua c6 tan ré khong ?

d) Lay 2 giot dung dich Sr(NQ,),, thém 2 giot dung dich
(NH,),80,. Li tam, tich ldy két tua. Thém 1m! dung dich
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Na,CO, baco hoa. Dun cach thdy trong vai phat. Li tam, tach
lay ket thua, lap lai thi nghiém 1 {4n nira, réi th¥ tinh tan eda
k&t tua trong CH,COOH 2M. Két luan.

e) Ldy 2 giot dung dich Sr(NO;),. Thém 2 giot dung dich
nude thach cao, cd két tua khong ? Tha dun ndng cdach thuy
& phat. Quan sat hién tugng.

2. Tinh chit cua SrCrO,

a) Lay 2 giot dung dich Sr{NO,),. Thém 2 giot dung dich
K,CrQ,. Quan sat k&t tua xudt hién.

b) Ldy 2 giot dung dich Sr(NO,),. Thém 2 giot dung dich
K,Cr,0,, ¢ gi xay ra ? thém tiep 2 giot dung dich NaCH,COQ
2M. Co k&t tda khoéng ? Giai thich.

e} Li tam, tach I8y ké&t tua trong thi nghiém 2.a). Thém 2
giot dung dich CH,COOH 2M. Dun ndng (néu cin). K&t tia cd
tan khéng ?

Tit cac thi nghiém trén so sinh tinh tan cia SrCrO, véi
BaCrO,.

3. Tinh chit cda SrC ,0,

a) Ldy 2 giet dung dich Sr(NO,),, thém 2 giot dung dich
(NH,),C,0,. Quan sit két tda xuﬁt 1énA

b) Li tam, tdch 18y két tda, thém it nude, chia lam 2. Thit
tinh tan cua k&t taa trong dung dich HCl 2M va trong dung
dich CH,COOH 2M.

c) Lay 2 giot dung dich Sr{NO,),. Thém 2 giot dung dich
(NH,),80, bao hda. Dun cich thuy val phit. Li tdm, tiach bé
ket tua Them vao dung dich thu duge 2 giot dung dich
(NH,),C,0,. Co két tia xuit hién khong ? Giai thich.

1II - PHAN UNG CUA ION Ca"

1. Tinh chdt ctua canxi sunfat

a) Lidy 2 giot dung dich Ca(NO;},, thém 2 giot H,0. Thém
ti€p 2 giot H,80, 2M. Quan sit t8c dd xuft hién két taa. Li
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tam, tach bé k&t tua. Thém vao dung dich thu duge 2 giot rugu
. etylic. Cé gi xay ra ? Két luan. '

b) L&y 2 giot dung dich Ca(NO,),. Thém 2 giot dung dich
H,50, 2M. Thém 1 giot rugu etylic. Dun néng cdach thay. Li
tam, tiach liy két tGa. Thém Imi dung dich NalQCO3 bio hoa.
Dun séi. Li tam, tach 14y két tda. Thém 2 giot dung dich
CH,COOH 2M. K&t tua cd tan khon ? So sanh vdi két qua
trong cic thi nghiem 1.d) d6i v6i Sr¥* va 1. ¢) déi véi Ba®,
K&t luan.

2. Tinh chit coa CaCrO,
Lam nhu trong thi nghiém 2.a) va 2b) d6i voi Sr**.

3. Tinh chdt cua CaC,0,

a) Liy 2 giot dung dich Ca(NO,), Thém 2 giot dung dich
(NH,),C,0,. Quan sit mau, dang két tia xu#t hién. Thém [t
nudc. Chia lam hal.

Phén moét, 1i tam, tach 14y k&t tda. Thém 1 giot dung dich
HCI 2M. K&t tia ¢d tan khong ?

Phén hai, 1i taAm, tdch 14y két tda. Thém 2 giot dung dich
CH,COOH 2M. Két tha cd tan khong ?

b) Liy 1 giot dung dich Ca(NO,),. Thém 2 giot dung dich
(NH,),80, bao hoéa. Dun cich thuy vai phuat. D& ngudi. Loc
tach bd két tia. Thém vao dung dich thu duge 1 giot dung dich
(NH,),C,0,. C6 két tha khong ? So sanh véi trudng hop Sr™".
Két luan.

IV - LAP SO PO PHAN TiCH HON HQP CAC CATION
NHOM II
1. Huéng dfin chung

a) Cac sunfat nhém II it tan trong nuéc. CaS80, khi cd rugu
etylic k6t téa hoan toan hon. Cd th& tach hén hgp nhém II ra
khoi cde nhom khac bing tac dung cia H,50, khi cd rugu etylic.
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b} Cd th€ chuy€n cac sunfat thanh cacbonat nhdm II r&i hoa
tan trong axit axetic.

c} BaCrQ, it tan nhdt trong s8 c¢dc mudi cromat nhdm II.
C6 th& tdach Ba®' ra khéi cdc ion khdc cha nhém II bing
K,Cr,0, trong méi trudng dém axetat (pH = 4 - 5).

d) Ca?" dé tao phic véi ion SOZ_ Cd thé dung dung dich
(NH ),80, bao hoa dé tach Sr?* dusi dang két tia Sr30,. Ion

CaZt' duac gill lai trong dung dich phdn lén dudi dang phue
chat CaSO,.

e) Co thé’ ding dung dich bao hoa CaS80, dé phat hién cée
" ion Sr?t.

g) K&t tia CaC,0, it tan trong nuéc va trong axit axetic.

2. So d6 phan tich

Dung dich phan tich (3 giot)
H,50, 2M + Rugu etylic-

| i
| Sunfat nhdm II bé
+ Na,CO,, t° (chuyén hoa)

| -

bd : } Cachonat nhém II
+ CH,COOH dac dén tan
+ K,Cr,0,
| I
BaCrO, . Sr?t, Ca?*
vang
+ nude thach cao + (NH,),50, bao hda

Sr80, { trang |

| |
+ (NH),C,0, . Sr80, |
CaC,0, | tring
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3. Quy trinh phan tich
a} Tach nhém 11 ra khoi dung dich phan tich va tim ion Ba®* :
Liy 2 - 3 giot dung dich. Thém 2 giot H,S0, 2M, 1 giot

rugu etylic. Dun cach thiy vai phdt. Li tam. Tach ldy két tua.
Rita két tia vai lan.

Thém dung dich bdo hoéa Na,CO, d& chuy&n thanh cacbonat
(lam it nh4t 3 ldan). Cudi cing hdoa tan hé&t két tdta thu duocc
trong CH,COOH (két tia phai tan hét). Dun s3i dung dich.
Thém 1 - 2 giot K.ZCrZOZ {cho d&€n khi dung dich ¢ mau héng
da cam). N&u cd ion BaZ™ s& cé két tia vang BaCrO, (d6 nhay

51074 ion—gfl).

Cha ¥ :

Néu c6 lan Pb?* thi & day co thé cd két tia vang PbCrO,.
Tuy vay, khi thém NaOH 2M thi k&t taa PbCrO, sé tan.

b) Tim Sri* : Li tam tach bd két tia BaCrO, va giit ldy
dung dich nudc trong (c6 mau hdéng da cam). Lay 2 giot dung
dich nay, thém 2 giot dung dich bao hda CaS0,. Dun cach thuy.
Dgi mot lac. Néu cc:i_Sr2+ thi & cd két tha trang SrS0,.

¢) Tim Ca® :

Néu ¢6 Sr2* thi 14y 2 giot dung dich cdn lai, thém 2 giot
" dung dich (NH,),80, bdo hda. Dun cach thuy 5 — 6 phit. Li tAm
tach bo k&t taa. Thém vao dung dich thu duge 2 giot (NH,),C,0,.
Khi ¢ Ca®* sé& cd két tia CaC,0,, khong tan trong CH,COOH.

CAU HOI VA BAI TAP
1. So sé’mh do tan trong nudc cia cdc mudi sunfat, cromat,

oxalat cta cdc kim loai nhdm IL

2. Néu nguyén tdc chuyén cac két tda BaSO,, Sr80, va
CaSO, thanh cacbonat tuong ing.

3. Viét cac phuong trinh phan tng ion xay ra khi hoa tan
cac cacbonat nhém II trong CH,COOH.

48



4, Vi€t cdc phuong trinh phan d@ng ion x4y ra khi nhd K,Cr,0,
vao dung dich Ba(CH3COO)2,

5. Gii thich vl sao CaC,0, tan trong HCl nhung lai khéng
tan trong CH,COOH.

6. Viét cdc phuong trinh phdn tng ion x4y ra khi cho dung
dich (NH,),80, vao hén hgp Ca(CH,CO0), va Sr(CH,CO0), cho
dén du. Sau dé cho (NH,),C,0, vao nude loc thu duge.

7. Trinh bay hién tugng xay ra khi :

a) Cho dung dich bao hda CaSO, vae dung dich Sr(NO,),
b) Cho dung dich bio hoa SrS0, vao dung dich Ca(NO,),.
8. Tim cach nhin biét cdc cation trong cdc hén hgp sau :
a) Ba®*, Ca®, NOJ

b) Ba?*, Sr¥*, CI°

¢) CaZt, Sr?*, NO;

d) Ba(OH),, Ca(OH),

e) H', Ba®, NO,

g) Ca®, H*, CI".

9. M6t dung dich A g6m c6 cac cation NH:, Na*, Ba?* va mét
anion X cd thé 1a CH,CO0™, NO;, SO;7, COZ™ hoac PO}~

Hay cho bi&ét X 1a anion nao ? Bi&t ring dung dich A c6
pH = 5.

10. Thém 1m! dung dich (NH,,C,0, 0,01M vao 1m! dung
dich CaCl, 0,002M va HCI 2M.

Thém dén ddn NaCH,COO vao cho dén du. C6 hién tugng
gl xay ra ? Giai thich.

11. Thém 1mi K,Cr,0. 0,01M vao 1m! BaCl, 0,01¥ va HCI
1,0M. Sau dd thém din ddn dung dich NaCH,COO vao cho dén
du.

Co hién tugng gi xAy ra ? Giai thich.
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Chuwong §

CAC CATION KIM LOAI TAO bUOC
MUOI CLORUA iT TAN (NHOM CATION IIlI}

Agt, Pb?, Hg2t (TIF, cut, Auh)

§5.1. TINH CHAT CHUNG CUA CAC CATION NHOM I

I - BAC
Ag = 107,87 ; (Kr) 4d'° 5s

I-1. Tinh chét chung

Bac & trong phan nhém phu nhdm I bang tufin hoan cing
voi Cu va Au. Vi vay Ag() cd tinh chdt gén gisng Cu(l), Au(D)
cing nhu TI(I) va Hg(l).

1. Tinh chét axit - bazo
Ion Ag® khong mau, cd tinh axit yé&u

Ag' + H,0 =AgOH + H' - -11,7
pH cta dung dich 0,01M vao khoang 6,7.

Khi kiém hoa dung dich thi méi ddu xuft hien két tda tréng
AgOH va sau d6 chuyén nhanh thanh Ag,0 mau nau.

2AgOH | =Ag,0 | +H,0O
2. Tinh chét tao phic

Ag' tao dugc kha nhiéu phdc chét bén v6i cic phéi ti hitu
co vA vb6 cd khdc nhau.

Céc phic chat it bén : AgC,0; ; AgCH,COO

Phic tuong déi bén : A'gCIS-Iﬂ'U n=1-4;Igs = 304;
5,04 ; 5,04 ; 3,40) ; Ag(SCN)"™D (n = 2 - 4 1g8, , = 7,57 ;
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9,08 ; 10,08) ; Ag(NH,)" (n = 2 - 4, Ig8, = 3,32 ; 7,24} ; phic

AU (n =1 - 4 ;18 = 6,6; 11,8 ; 13,95 ; 13,75) vv..
Phic bén : AgCN)O™D (n = 2 - 4#; g8, = 21,1 ; 21,8 ;

20,67) ; Ag(S,0)" D (n = 1 - 2; 1g8, = 8,82 13,46).

Phitc EDTA v&i Ag* cd d6 bén vdo loai kém nhit trong sé
cée phic complexonat kim loai (g8 = 7,32). Ag' tao duge phitc
bén vai dithizon, chigt duge bang CHCl,, CCl,. Phic trong CHCI,

hdp thu cyuc dai tai 1 = 465 nm, £, = (29 + 0,1).10%,
3. Tinh chdt oxi héa - khu
Agt +e= Ag E° = 0,80V

Th& oxi hda tuong ddi cao, ion Ag*' cd tinh oxi héa tuong
d&i manh. Tuy vay Ag vin tan duge trong cic chét oxi hda manh
nhu HNO,, H,50, dic ndng, HCl khi ¢d ché&t oxi hda, v.v...

Tinh khi ciia Ag tang 1én khi ¢6 mat cla cac chét tao phie
hoac tao hop chét it tan véi ion Ag’.

Chéng han, trong dung dich HCI :

IgK
Ag | =Ag" +e -0,80/0,059
Agt +CIT =AgCl | 10
CAg | +CIT =AgCl | +e -E°/0,059 = -3,5
Suy ra EAgﬂm = 0,2V .

Tudng tu nhu vay khi cé mat cta ion $%° thi Ag trd thanh
chdt khi rdt manh do tao thanh Ag,S réat it tan :

9Ag + 87 =Ag25 | +2e

Flgsang = ~0.678Y

Vi vay kh1 c6 H,8 bac bi oxi hda nhanh trong khong khi
tao thanh Ag,S mau xam :

4Ag | +2H,S + 0, =2Ag,S | +2H,0  IgK = 87
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Ag clng tan r&t nhanh trong KCN & khéng khi do tao phitc
Ag(CN); rét bén.

4| Ag =Ag +e 4(-0,8/0,059)

0, + 4H' + 4e =2H,0 4(1,23/0,059)
4| Ag' +2CN" =Ag(CN); 4211
4Ag + O, + 8CN™ ==4Ag(CN); + 2H,0 1gK = 143

Ion Ag' bi khi b&i nhiéu ch4t khi : Sn2+, Zn, cdc chit hitu
co, V.V...

Ag' bi S,027 oxi hdéa thanh Ag(Il). Tuy vay Ag(I) c6 tinh
oxi hda r4t manh nén khong bén :

Ag(Il) + e =AgD E?\gnh\ﬁ =2V
Ag(Il) oxi héa nuéc thanh O, va chuyén thanh Ag(l)
| 4Ag? + 2H,0 =4Ag" + O, 1 + 4H"
Ag® cing oxi hda PbZ* thanh Pb(IV), Mn?* thanh MnOj.

4. Hop chft it tan

Héu hé&t cdc mubi Ag' déu it tan trlt muéi nitrat, peclorat,
florua, axetat, clorat. Cac muéi bac thudng o6 maiu :

Ag,S (IgK, = -49) den, tan trong HNO; khi dun ndng ;
Ag,PO,, Ag;AsO, vang ; Agl, AgBr vang nhat ; Ag,CrQ,,
Ag,Cr,0,, Ag,AsO, nsu gach ; Ag,[Fe(CN)J] da cam.

Cac musi khdc mau tring (AgCl ; AgSCN...) hoac vang nhat.
Cac mu8i bac halogenua cd d¢ tan tdng din ti iodua d&n clorua
LgK, : Agl (-16), AgBr (-13), AgCl (-10), AgSCN (-12).

Do d8 tan khdc nhau nhu vay, nén cdé thé thdy cac bac
halogenua tan khdc nhau trong dung dich amoniac : AgCl tan
nhiéu, AgBr It tan hon va Agl hiu nhuv khéng tan.
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AgCl | =Ag +CI' -10

Agh +2NH, =Ag(NH,); 7,24
AgCl | +2NH, =Ag(NH,); + CI IgK = -2,76
c 2
[] 2 - 2 x x

x =8 = 80.10°°M

Tuong ty nhu vy cd thé tinh dugc dé tan cla AgBr trong
NH, 2M la 2,6.107°M va cia Agl la 8,0.107°M.

AgCl tan it trong HCl do tao phic AgCl,

AgCl] +CI' = AgCl, 1gK = -5
c 12
il 12 -~ x x

Viéc tinh cho thdy trong HCl 12M do tan cia AgCl la
1,2.1074M.

Khi pha lodng dung dich nay v&i nudc thi néng 46 ion CI”
gidm xudng, vi du con 6M. '

AgCl; = Ag" +2CI -5
C 6.107° 6
[] 610°-x «x 6+ 2

x = [Ag'] = 1,7.107%° :
G day [Ag*)ICI] = 1,0.107° > K, , ) nén lai xudt hién ket
taa AgCl (duc).
I-2. Phan ung phéat hién ion Ag’
Phdn ing tao thanh AgCl

Ion CI" tdc dung dugc voi ion Ag' tao thanh k&t tha tring
AgCl, tan it trong HC] tao thanh phic AgCL . K&t tda tan trong

dung dich NH, do tac thanh phdc amin Ag(NH,),Cl
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Khi axit hda dung dich bang HNO# thi cd k&t tua AgCl xuit
hién lai. Vi du, trong dung dich Ag(NH,); 0,01M, CI” 0,01M va
NIL, 1M thi :

Ag(NH,); ==Ag' + 2NH, 7,24
C 0,01 1
724 1072
fAg"] = 107724 - = 10”924
Khi 8y _ _
[Ag'IICI] = 10712 < K, (10719)

vi vy khéng cd k&t tia AgCl. Néu axit hda dung dich bang
HNO; sao cho nong d6 NH, giam xubng, ching han con 1073
thi [Ag*] = 107624 va [Ag*T[CI'] = 10782¢ > K_va | AgCl da
*udt hién trd lai.

Néu khong axit hda ma thém KI, vi du chi cdn néng do I
vao khodng 107°M da cd két taa Agl, vi [Ag*)[I"] = 1079241075
> K agy (10719,

II - CHI
Pb = 207,2 ; (Xe) 6s% 6p*

II-1. Tinh chét chung

1. Tinh ché&t axit - bazd

Chi & trong phan nhém phu nhém IV cia bang tudn hoan
vi vay chi ¢d hda tri II va IV

Ton Pb2* khéng mau, ed tinh axit :

Pb¥* + H,0 =Pb(OH)" + H' -6,18
Pb% + 2H,0 ==Pb(OH), + 2H" - -17,04
Pb%* + 38H,0 =Pb(OH); + 3H" -28,06

pH cia dung dich Pb>* 0,01 vao khodng 4.
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Khi kidm hda dung dich thi méi ddu tao thanh két tia mudi
bazg (PbOHC], PbOHNO;, v.v..) va sau dd dén Pb(OH),. -

Chi hidroxit Pb(OH), mau trang, cd tinh chédt ludng tinh,
k&t tha & pH = 7,5 (tU dung dich 0,01M) va tan trd lai trong
kiém du & pH = 13.

Pb(OH), + OH =HPbO, + H,0 -4,4
HPbO, + OH™ =Pb0;™ + H,0
Pb* khéng ton tai trong dung dich. Ta gap PbO, mau nau
thdm. Trong dung dich kiém du cé Pb(OH);", PbO; . '
2. Tinh chét tao phic
Chi tao dugc cdc phie it bén PbNO;, PbSCN*, PbCl*, PbBr',
PbCH,COO", PbI*, Pbl,, PbI; va Pbl; .

P

Cac phic tuong d6i bén véi axetat, tatrat, xitrat,
thiosunfat, phic v8i EDTA (Igfp,»~ = 18,3), phic véi xianua

Pb* tén tai & dang phic PbCE™, PbCL trong dung dich
HCl dac.

3. Tinh chét oxi héa - khu

Chi c6 tinh khu. Trong moéi trudng axit :

Pb?* + 2e = Pb B9t p, = —0,13V
Trong mdi trudng kiém :
. + 2e = + — = — .
HPbO; + H,0 +2e == Pb+ 30H  ERpyopy = ~0.54V.

Chi tan d& trong HNO,, H,50, dac ndng, tan chim trong
HCI dac, HI dic do tao phic PbCL, PbIZ™.

Tinh khi cta chi tang 1&n trong céc dung dich tao dugc
mubi chi khé tan

Educomy = ~0,506V,  ERy py, = 0,364V, vv..
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PbO, cé tinh oxi hda manh. Trong méi trudng axit :
PbO, § +4H' + 2 ==Pb™ ERq pt = 1,46V.

PbO, oxi héa duge HCI (khi dun ndng), $O,, H,C,0,, Mn%*,
MnO(OH), (thanh MnO}).

Trong dung dich kiém PbO b oxi hda thanh Pby0,, Pb,0,
hode PbOz. Trong dung dich kiém rt manh PbO bi oxi hda
méi ddu thanh Pb,0,, Pb,0, réi PbOZ~.

4. Cac hgp chét it tan '

-Trit cdc mubi nitrat, axetat, peclorat, hdu hé&t cac muéi chi
déu it tan. Cdc mu6i halogenua déu it tan : PbCl, (-4,8), PbBr,
(-4,4), Pbl, (-7,86).

Khi dun ndng do tan cdc mudi nay ting 1én nhiéu (v{ du &
25°C 4o tan cua PbCl, 1a 1 gam trong 100g nu6c ; & 100°C
ting len 12 3,34g, cha Pbl, ¢ 25°C la 0,08g, & 100°C la 0,44g
trong 100g nudc). Khi thém KI vao dung dich bao hda cia
PbCl, thi cé két tua Pbl, mau vang. Thuc t€ trong dung dich
bde hoa PbCl, ta cd :

PbCl, | =Pb™ +2CI° -4,8
s 28

S = {1091 = 1,6.1072¢
Néu thém KI vi dy 0,01M thi Cp2+.CH- = 1,6.10° > Kpr:

PbSQ, it tan hon Pbl, gk, = -7,7). D¢ tan cta PbSO, la
1,4.107*M, cta PbL, la 1,3.10"3M, vi vay dé€ phét hién chi trong
dung dich loing nén tdch chi ra dudi dang PbSO, hon la PbL,.-

PbSO, tan duge trong dung dich CH,CO0" do tao phie :
PbSO, + CH,CO00™ =PbCH,COO" + SO~ -5,2
D¢ tan cia PbSO, trong dung dich CH,COO™ 1M la 2,5.1073M.
G day, [PbCH,COO'] = [SO27] = 2,51073M va [Pb1] =
8.107°M. Né&u thém ti€p vio dung dich nay ion SO‘%_ dén néng
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dé 107 M thi lai cd két tua PbSO, xuit hién trd lai. Néu axit
hda dung djch thi phic PbCH9C00+ bi phan hiy do tao CH,COOH
it phan li, néng do ion Pb®’ tang 1én va din t6i sy xuat hién
lai két tua PbSO,.

Céc mudi it tan nhft cha chi la : PbCrO, mau vang
(lgK, = -13,7) ; Pby(PO,), tréng ; PbS mau den (IgK, = -26,6).

Hau hét cac mudi chl déu tan trong NaOH (trit Pb§). Chﬁng
han, PbSO, tan trong NaOH :

PbSO, =Pb?* + SO%" -7,

Pb?* + 20H™ = Pb(OH), 14,9
Pb(OH), =HPbO; + H* -15,4

H' + OH == H,0 14

PbSO, | +30H =HPbO, + SOZ +H,0  IgK = 5,8.
(Khi cd OH™ du thi HPbO, — PbOZ)

Dua vao day ngudi ta phan bist k&t tda sunfat chi va sunfat
kiém thd bing tac dung cda NaOH.

II-2. Phan (ng phdt hién ion Pb?#

Phdn tng tgo tharnh PbC]2 va PbI2

HCI lam két tia Pb® duéi dang PbCl, mau tréng. Két tda tan
trong nuéc dun s6i, khi d€ nguéi tac thanh vay trdng (tinh thé&).
Né&u thém vao dung dich bao hoa PbCL, mdt it KI thi s& cd két tua
ving Pbl, tan khi dun ndng, xufit hién trd lai thanh tinh thé
¢éng snh vang khi d€ ngudi. Cling cd thé thi lai Pb?* trong dung
dich bao hoa blng cach chuyén sang két tia PbCrO, mau vang.

II1 - THUY NGAN
Hg = 200,6 ; (Xe) 68°

III-1. Tinh chft chung

Thily ngin cé 2 trang thai héa tri : Hg(I) va Hg(D). Hg(D)
tao duge cdc mubi clorua it tan trong nudc thude vé nhom III.
Hg(Il) tao dugc phic amin bén véi NH, thuge vé nhém V.
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1. Tinh chét axit - bazo
Trong dung dich nudc, ion Hg”* kh6ng mau, ¢d phan dng axit :
' Hg?* + H,0 =HgOH' + H' | -3,95
pH cta dung dich Hg?* 1072M la 3. Khi kiém hda dung dich
Hg?* thi méi déu c6 két tda mudi bazd (thude leai HgOHCI,
HgOHNO,, v.v..} va sau dd dén HgO mau vang (hoac dé khi
dun nong). K&t tha tan trong cdc axit. Khi kiém hda bang dung

dich NH, thi xudt hién két tia tring cua hgp chit amido,
chdng han :

HgCl, + 2NH, =HgNH,Cl + NHy + CI”
Sau do két toa tan trong NH, du hoac mudéi amoni do tao
thanh phdc véi NH,.
Khi kiém héa dung dich HgZ” thi xu4t hign két tia den Hg
{(den) va HgO. Khong cd HgOH tén tai.
2. Tinh chét tao phitc '

R4t nhiu chit tao duge phic chit bén véi ion Hg®*, da s6
cé s6 phéi tri cuc dai n = 4. Cac phdc vdi sunfat, nitrat, florua
it bén. '

Cac phic vdi clorua, bromua, iodua, xianua, thioxianat, nitrit,
thiosunfat, sunfit, axetat ; cdc phiic amin Hg(NHS)IZ: (n=1-4,
g8, = 8,86 ; 17,5 ; 18,5 ; 19,28), phuc véi EDTA, etilendiamin
déu bén.

Hg?* ciing tao dugc cdc hgp chdt néi phic vdi nhiéu thue
thit hitu cd : dithizon, natridithiocacbamat, v.v...

3. Tinh chét oxi héa - kh{

Ton thiy ngan Hg?* cé thé bj khit thanh Hg}' va sau dd
dén Hg :

2Hg?* + 2 = Hg' E° = 0,91V

0,79V

Hge* + 2¢ =2Hg E°
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Hg hoa tan trong cdc axit oxi héa nhu HNO,, H,50, dac
ndng va I, (do tao phic Hgli™ bén).

Ion Hg®" bi khit dé dang bdi cic kim loai, ké ca Cu, boi
Sn*, Fe?*, v.v... SnCl, méi d4u khit Hg?* thanh calomen Hg,Cl,
mau trang, sau d¢ dén Hg mau xam.

Cac hop chét ciia Hgl" khong bén. Ion Hg§+ 6 khuynh huéng

ty oxi - héa khi thanh hgp chit tuong tng cia Hg?* va Hg
kim loaj :

Hg%"' +2e =2Hg |

Hg' =2Hg** + 2

2Hg" =2Hg| +2Hg* IgK = 2(0,91 - 0,79)/0,059 = 4,1

Trong dung dich nudc phadn dng nay xiy ra cham. Tuy vay
khi cé qua trinh tao phic hay tao hgp ch&t khd tan v6i ion
Hg?* thi phan dng xiy ra nhanh hon :

Hg,5 | =HgS | +Hg |
Hg,l, i =Hgl, | +Hg i
Hg,(CN), =Hg(CN), + Hg |
Khi dun ndng calomen Hg,Cl, trong dung dich CI” du sé
chuyén thanh phic HgCE™ va Hg. '
4. Cédc hgp chdt it tan

Cd nhidu hgp ch4t it tan cla Hg2+ : Hgl, (lgK;, = -28,3)
mau d6 ; Hg(SCN), tring ; HgS mau den 12 hop ch4t it tan nhét
ctia Hg?* (lgK, = -51,8) khong tan trong HCl dac, HNO, loéng,
ndéng, tan trong hén hgp (HNO; + HCI) do tdc dung oxi héa
jon 8% bdi NO, dbng th¥i v6i sy tao phic cia Hg” voi CI™ :

3HgS + 2NOj + 8H* + 12CI" = 3HgCE™ + 38 + 2NO + 4H,0

HgS tan moét phén trong dung dich NaéS do tao phic
HgS™ ((NH,),S cing hda tan dugc). '
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Khi cho H,8 18i qua dung dich Hg”* thi méi d4u cd két tia
tring Hg,5,Cl, sau chuyén thanh vang r6i nau va cudi cung la
den cta HgS.

Héu hét cdc hop chit cia Hé+ déu it tan tri cdc mudi

nitrat, axetat va peclorat. Hg,Cl, it tan (-17,88) mau tréng,
Hg,Br, (-22,24), Hg,I, (-28,35). Khi cho téc dung véi NH; thi
Hg,Cl, chuyén thanh két tia HgNH,Cl va Hg den.

III-2. Phéan Gng phdt hién thuy ngan :

1. Ddng khi duge mudi thuy ngén thanh Hg kim loai
Cu} + Hg®* =Cu® + Hg|
Cu| + Hg* =Cu? + 2Hg|

Trén bé mit 14 d6ng sach sé xuflt hién vét Hg tac hén héng

vdi déng mau sdng trdng, bi&n mit khi dun ndng (do Hg bj
thang hoa).

Né&u trong dung dich khéng cé Ag' thl phan dng nay rit
dsc trung. As, Sb, Bi két tia rdt cham. Céc kim loai quy cho
k&t tda den.

2. Phan (ng véi SnCl,

SnCl, kh& Hg?* mé6i déu tao thinh calomen mau tréng va
sau d6 1a Hg mau x4m. Phan dng thyc hién trong dung dich
axit y§u (pH < 7). Trdnh cdc chit oxi hod manh cé th& oxi
ho4 SnZ* thanh Sn*'. Tranh cdc ion tac mudi khé tan véi CI”
(Ag', Pb?*). Phai ding SnCl, méi ché.

3. Phan Gng véi HCl (v6i ion HgZH

HCI lam k&t tia Hgy* dusi dang Hg,Cl, mau tréng, hod den
khi cho tée dung véi NH,.
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§5.2. HUONG DAN THUC HANH

I - PHAN UNG CUA ION Ag"

1. Quan s&t mau dung dich, tht phin dng vdi gidy quy va
gify chi thi van nang.

2. Tinh ch#t cia bac hidroxit
a) Ldy 1 giot dung dich AgNQ,, thém 1 giot NaOH 2M.

Quan sat mau k&t tia. Gidi thich bing phuong trinh phan
ung. Thém ti€p 2 - 3 giot NaOH nita. K&t tia cd tan trong
NaOH du khong ?

b) Li tam |4y k&t tha. Ria véi nuée. Thém titng giot HNO,
2M. Két luan. Thi suy ludn tdc dung cha két tha vdi HCI
H,80,.

3. Tinh chédt cia bac clorua

Liy 2 giot AgNQO,. Thém 3 giot dung dich HCI 2M. Li t4m
tich ldy két téa, rita v6i nuéc. Thém it nudc va chia lam
3 phén.

a} Thém tiung giot NH,; 2M vao phan mdt, cho d&n tan hét két
tda. Thém ting giot HNO, 2M. Quan sat. Gidi thich hién tuong.

b) Thém ting giot HNO, 2M vao phén hai r6i dun ndng
Két tia c¢d tan khong ?

¢} Thém 3 giot HCl 12M vao phdnr ba. Dun ndng. Nhan xét
kh&i lugng k&t tia cd bi giam di khong ? Li tAm, ldy nudc loc
chuyén sang mdt 6ng nghiém khac, thém mét thé€ tich nudc.
Quan sét, giai thich hién tuong.

4. Tinh chét ctia bac cromat

a) L4y 1 giot dung dich AgNO,, thém 2 gmh dung dich
K,CrO,. Quan sdt mau két tua.
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b) Li tam, ldy k&t tua, thém it nuée, chia lam 2 phdn bang
nhau : :

- Thém tirng giot dung dich NH, 2M vao phin mét cho dén
du. Quan sat hién tugng.

- Thém ting giot HNO; 2M vao phédn hai. Lic déu. Quan
sit mau dung dich. Giai thich.

II - PHAN UUNG CUA ION Pb%*

1. Quan sdt mau cua dung dich, thd phan dng véi gidy quy
va gify chi thi van ning.

2. Tinh chét caa chi hidroxit

Lay 5 giot dung dich Pb(NO,),. Thém ting giot dung dich
NH, 2M dén két tua hét. Nhan xét mau, dang k&t tda thu
duge. Li tam ldy két tua. Ria véi nude, Thém [t nuée vA chia
két tida lam 2 phén :

a) Thém ting giot HNO,; vao phin mét.
b) Thém ting giot NaOH 2M vao phin hai.

K&t ludn vé tinh chAt cda chi hidroxit. Thit suy ludn vé phan
Ung cha chi hidroxit v4i HCl va H,S0,.

3. Tinh chfit cda chi clorua

a) L&y 2 giot dung dich Ph(NO,),. Thém 3 giot HCl 2M. Li
tam l4y k&t tGa. Thém vao két tda 1 ml nude. Dun cdch thuy
1 - 2 phut. Nhan xét k&t tda cd tan- khong ?

b) Ldy nudc trong & trén két tha chia 1am 2 phén.

D& yén phdn mdt, quan sit dang tinh th€ xu4dt hién lai khi
ngudi.

c) Trong phin hai thém 2 giot KI. Quan sdt mi . két tda
xudt hién. Dun cich thiy 2 phit. D¢ ngudi. Quan sat mau dang
tinh th€ xuft hién trd lai.

62



4. Tinh chiit cia chi sunfat

a) Ldy 1 giot dung dich Pb(NO,),, thém 2 giot H, S0, 2ZM.
Quan sat mau dang két tda. Li tim ldy két tha.

b) Th& tinh tan ctua két tda trong NaOH 2M.
5. Tinh ch&t ctia chi cromat

a) Ldy 1 giot Pb(NO,),. Thém 2 giot K,CrO,. Li tam ldy két
tia, thém nude, chia lam 2 phén.

. b 3 phdn mot th¥ tinh tan cia két tia trong NaOH 2M.
O phén hai thi tinh tan trong HNO, (chit ¥ xem mau dung dich).

Il - PHAN UNG CUA ION Hgi'

1. Quan sdt mau, tht phan dng cbia dung dich vdi gidy quy
va gidy chi thi van nang.

2. Tinh chit eta thay ngan hidroxit

a) Lay 1 giot Hg (NO thém 1 giot dung dich NaOH 2M
dén xudt hién két tua duan sdt mau k& tia. Thém tiép vai
giot NaOH nita. K&t tia ¢d thay d8i khong ?

b) Li tam 18y két tda. Thi tinh tan cla két tia trong NH,
2M va trong HNO,; 2M. Két luén.

3. Tinh chét cha thuay ngan (I) clorua

a) Liy 1 giot Hg,(NO,),, them 2 giot HCl 2M. Li tam ldy
k&t tda. Quan st mau két tda thu duge.

b) Thém 1 giot NH; 2M. Nhén xét sy thay d6i mau cia
két taa.

IV - HUONG DAN PHAN TiCH HON HOP CAC CATION
NHOM 111

1. Hudng din chung

a) Tach nhdm II ra khéi cdc nhém cation khdc bdng tac
dung caa HCI.
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b) PbCl2 duge tach ra khodi cdc muéi clorua nhdm III khi
dun ndng vi nudc.

¢) AgCl dugce tach bang tdc dung cha NH, sau dd lam két
tGa lai bang HNO,.

Hg,Cl, duge phat hién bing tdc dung cda NH,.

2. So d8 phéan tich
Dung dich phan tich

+ HCl 2M
Clorua nhém III cdc cation
+ nude, dun néng khac
i l
Pb* AgCl + Hg,Cl,
+ ki + K,Cro, + NH, 2M

Pbl,{ vang }PbCrO, ving |Hg+ HgNH,Cl  Ag(NH,);Cl”
' tan trong NaOH . {den) + HNO,
_ AgCl] trang
3. Quy trinh phén tich

a) Tach cac cation nhém III :

Lay 2 - 3 giot dung dich, them 3 giot HCl 2M. Li tdm, tédch
ldy ké&t taa.

b) Téch va tim Pb%* :

Thém 1m! nuéc vdo k& tda thu dugc. Dun cdch thay 4o
5 phat. Li tAm. Tach nu6c loc ra khdi k&t tda, chia nudc loe
lam 2 phén. Tim Pb** bing KI hozic K,CrO,.

¢) Tach va tim Ag', Hegl' :
Thém 3 giot NH, 2M vao k&t tta con lai. Két tia héa den
ching té c¢d Hé+.
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Li tam. Axit héa nudc loc thu dugc bang 3 giot HNO, 2M.
Két tha tring AgCl xudt hién ching té c6 Ag'.

CAU HOI VA BAI TAP

1. Trinh bay cac hién tugng xay ra khi nhé dan dung dich
NH, 2N vao dung dich AgNO;. Cd hién tuong gi xdy ra khi
axit hda dung dich thu duge badng HNO,, bang HCl ?

2. Viét cdc phuong trinh phan dng xay ra khi hda tan AgCl
trong NH,; 2M sau dd axit hda dung dich thu duge bing HNO;.

3. Nhé cham NaOH 2M vao dung dich AgNO, thi ¢ nhitng
qua trinh nao xiy ra ? CS thé dung nhiing thude thi gi dé
hda tan két tua thu dugc.

4. Che bigt nhilng thudc thtt gi cd thé ding d& hbda tan
Ag,CrO,. Viét cac phuong trinh phan Ung ion.

5. K& cdac mubi khé tan quan trong cua chi.

6. Nhé ddn NaOH 2M vao dung dich Pb{CH,COO}, cho
dén du. _

Co hién tugng gi xay ra ? Vi€t phuong trinh phan idng ion.

7. Cho dung dich Pb(NO;},. Tim ba phan dng dac trung d¢
nhén ra chi.

8. Cho HCl vao dung dich Pb(CH,C00), L&y két tda thu
duge cho tan trong nude ndéng. Thém KI vao dung dich thu
duge. Co gl xay ra ? Giai thich,

9. Cho NaOH viao dung dich Hg,(NO;),. Cé hién tugng gi
xay ra ?

10. Cho dén NH, vao dung dich Hg,(NO,), cho dén du. Cé
hién tugng gi xay ra ?

11. Nhé 1 giot Hg,(NO;), lén 1 }4 d6ng da dank sach. C6
hién tugng gi x4y ra ?

12. Cho 1 giet 8nCl, vao dung dich Hg,(NO,),. C6 gi xay ra ?
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13. Lap so d6 phan tich cdac hén hgp cation sau :
a) Ag", Pb**, NOJ
2+ + -

b) Pb®", Hegj" , NO;

) Ag",Hgt", NO;

dy Ag",P**  HgZ", NO;

14. Tim céch nhan biét bac trong dung dich AgNO, c6 lin
NH, du. . y

15. Tim cdch nhan biét chi trong hén hop PbSO, va BaSO4.

16. Thém din dung dich K,Cr,0, viao dung dich chda
Ba(CH,COO0), va Ph(CH,C00},. Cé hién tugng gi xay ra ?

Viét phuong trinh phan dng. Thém NaOH du vao hén hop
thu duge. Cé gi xay ra ?

17. Hay tim c4ach nhéan biét cic cation kim loai cd trong hén
hop gém Ag', H', Pb¥, Ba?*, NOj;.

Duge phép ding céc thude thit : NaCH,COO ; K,Cr,0, ;
HCl ; NaOH. | -

18. C6 thé chi ding mot thuéc thi duy nhit d€ phan biét
cdc dung dich : Pb(CH,COOQ), ; AgNO, ; Ba(NOQ,),.

Hay k& tén cdc thufc thd d6 va vi€t cdc phuong trinh phan
itng d&€ giai thich.

19. Cho K,CrO, du vio dung dich A chia Ag', Pb%*, Ba®*,
NO;. Loc ldy k&t tia 1 va cho tdc dung véi NaOH du dugc
dung dich 1 va ké&t tia 2. Cho HNO, tdc dung v4i dung dich
1 va k&t tda 2. Trinh bay cic hién tugng xay ra, viét cdc phuong
trinh phan @ng ion.

20. Dung dich B gém Ca(NO,), va Pb(CH,C0O0),.

Cho Na,80, du vao dung dich B. Loc Iy két tiaa dem cho
phin tng v4i NaOH du. Trinh bay hién tugng xay ra va lam

th€ n3c d€ xdc nhan sy c¢d mat cha cdac san phdm phan iing
cudi cing.
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Chuong 6

CAC CATION KIM LOAI TAQ BUCC HIDROXIT
TAN TRONG NaOH DU (NHOM CATION V)
zn2t. AP, cr®t, sn?t, sn™, sb (111), Sb (V),
(cac ion clia As, Be, Ga, In, TI, Ge).

Hau hét cdc nguyén td nhom cation IV nam trong cdc phan
nhém phu cta bang tudn hoan,

I 11 M v A% Vi VIL

a b a b a b a b a b a b a b

Li Be B C N O
Na Mg Al Si p -5
culca 7Zn|Se GalTi Gel vV As | Cr SeiMn
Ag | 5r Cd| Y In |Zr Sn |Nb Sb |{Mo Te | Te
Au|Ba Hg|PH TI jH Pb|Ta Bi | W Po|Re
Ac Th Pa u

[~ BN O S

JR—

Tinh axit tang ddn theo chiéu mii tén.

Be, Zn, Al chi cd mot trang thai oxi hda : Be* |, Zn®*
Al3*. Hidroxit cta ching c6 tinh lugng tinh, trong dung dich
cé th€ tén tai ca cation va anion.

Ga, In, Tl ¢ hai trang thai oxi héa : + 1 va + 3, trong dd
chi hidroxit kim loai hda tri 3 cd tinh lugng tinh. TI (IID
hidroxit c¢6 tinh axit. Ge, Sn, Pb ¢ hai trang thdi hda tri : II
va IV, trong dd hidroxit cla kim loai hda tri IV ed tinh axit.
Crom cd cac trang thai oxi hda : + 2, + 3 va + 6. Hidroxit cla
Cr(II[) c6 tinh ludng tinh, cia Cr(VI) cé tinh axit. As, Sb cd
3 trang thai oxi hda : - 3, + 3 va + 5. Hidroxit cia Sb (III)
¢é tinh lugng tinh. Hidroxit cla As(V) va Sh(V) ¢ tinh axit .

Trong dung dich As tén tai chd y&u & dang anion AsOi”,
AsO_%* (hoac ASOZ_) vi vay As c6 thé duge phat hién bang cac

phan tng vdi cdc anion d6 va ching toi sé trinh bay tinh chat
cta As trong phén tinh chét cdc anion.
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§6.1. TINH CHAT CUA CAC CATION NHOM IV

1 - KEM
Zn = 65,38 ; (Ar) 4s% 341°

I-1. Tinh chit chung

Kém nam sat trén Cd trong phian nhém phu nhom II, vi vay
Zn cd tinh chidt gi6ng Cd nhung hoi axit hon.

Trong dung dich kém tén tai dudi dang cation Zn?* va anion
zincat Znog_.

1. Tinh chdt axit - bazg

Dung dich nuéc cua ion Zn?* khong mau, ¢6 phan tng
axit yé&u :

Zn’t + H,0 = ZnOH* + H* - 8,96
pH cta dung dich Zn** 0,01M bing 5,5.

Khi kiém hoa dung dich Zn?* 0,1M thi dén pH = 6 s& cd
két tia trdng Zn(OH), tan trong kiém du ¢ pH =~ 14 cho ion
Znog_ khong mau.

Thyc t& d€ lam két téa duge Zn(OH), tit dung dich Zn?*
0,1M thi Cy,,~ > VKJC, 2+ = ¥10717/107T = 107 hay pH > 6

Khi kiém hda dung dich Zn** bang NH, thi moi ddu s ket
tia tring hidroxit vad sau dd keét taa tan do tao phic amin

Zn(NH,)2".
Zn** + 2NH; + 2H,0 — Zn(OH),| + 2NH;

Zn(OH),| + 2NH; + 2NH, — Zn(NHy)?* + 2H,0
2. Tinh ch4t tao phite
Zn%* tao duge nhidu phic chit khac nhau :
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Phic it bén : phdc véi axetat, clorua, florua, thioxianat, tatrat.

Phic tuogng d6i bén v&i oxalat (lg8,_, = 4,85 ; 7,56 ; 8,34),
xitrat (HXit?"), sunfoxalixilat, axetylaxeton, etilendiamin,
amoniac (g8 _, = 2,18 ; 4,43 ; 6,74 ; 8,70

Phic rdt bén véi EDTA (g8, ,2- = 16,7, CN™ (g8, , =
11,07 ; 16,05 ; 19,66).

Zn?* tao hgp chit néi phéc ¢ mau vdi nhidu thudc thu
hitu cd duge ding trong dinh ligng tric quang Zn®*
o-phenantrolin, PAN (1 - (2 - piridin azo), 2 —~ naphtol), murexit,
dithizon, a,&” - dipiridin, v.v...

3. Tinh chit oxi héa - khi
Kém cd tinh kh& manh.
Trong méi trudng axit :
— 2 —
Zn ==Zn“" + 2e ES 2t = 0,76V

Trong mdi trudng kiém :

Zn + 40H == Zn0j + 2H;0 + 2 Ej )y, = —1,216V
Kém tdac dung duge vdi cdac axit :

Zn thét nguyén chét tan rdt cham trong HCI va H,30, lodng.
Kém thudng mai chifa tap chat (Cu, Cd, Pb ...) tan nhanh trong
cdc axit trén do cd hinh thanh trén bé mat kim loai cic cidp
pin Cu - Zn ; Cd - Zn, trong dé Zn dong vai trdo Catot.

Zn + 2H" = z2n*" + H, t
Kém dé& tan trong HNO, va H,80, déc, ndng
Zn + 801 + 4H' — Zn®" + 80,t + 2H,0
3Zn + 2NOj + 8H' — 3Zn’" + 2NOt + 4H,0
déc
4Zn + 2NO; + 10H" — 4zn** + N,01 + 5H,0

hoi dac
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47Zn + NO; + 10H* — 4Zn** + NH + 3H,0
lodng

Thyc t& khi cho HNO, tdc dung v6i kém ta sé duge nhiéu san
phdm khi khdc nhau cia HNO,. Tuy theo nong do axit, nhiét
d6, ma mét trong cdc san phidm kht HNO, sé chiém wu thé.

Kém tac duyng vdi kiém :
Zn + 20H" — Zn05" + H, 1
Trong mbi trudng bazo y&u, kém khéng phan dng vi cd hinh
thanh lop oxit bao vé it tan.

Ngutii ta thudng nap Zn trong cdc cdt khit (chdng han dé
khit Fe’* thanh Fe?*). Doi khi dung duéi dang hén héng dé
ding trong cdc trudng hgp phai ¢6 chdt khi manh (vi dy, khid
-Cr3 thanh Cr?*, V3* thanh VZ).

4. Hgp chit it tan

Zn®* tao dugc nhiéu hgp chdt it tan : hidroxit, cacbonat,
oxalat, xianua, photphat, asenat, borat. ZnS mau trdng, it tan nhit
trong s6 cdc mudi khd ‘tan cia kém lgK, = -21,6 (dang §) va
-23,8 (dang «).

ZnS két tda dudc ngay cd trong mbi t.rufmg axit.

Cé thé lam két tia Zn”* bing H,S . Thye t& diéu kién d8
cd két tia ZnS 1a :

Co— > Ks(an)/CZnﬁ | )
Mat khdc, tit cdc cidn bing phan li cua H,S ta ¢6 :
[HS*] = KK[H,S)
nén [H'] = VKK [H,S/5"] 2)

T8 hop (1) va (2) sé& tinh duge didu kién d¢ axit tdi da cd
thé thiét 14p dé€ cd két taa ZnS tdch ra.

K K, '
CH+ < K—‘— Cznz"' . CHZS (3)
sZnS
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Trong dung dich biao hoa H,8 Cy ¢ = 0,1M va ‘néu coi
. *

2t = 0,01M ta cd thé tinh ra Cy+ < 107%% hay pH > 0,65.

Bing cach diéu chinh pH thich hop cd thé tach Zn* ra khai
nhiéu ion khac. Ching han, § pH < 0,5 cd thé€ tach hoan toan
Cd?* dusi dang két tia CdS (Cog+ con lai > 107°M) trong khi
dé Zn®* van duge gitt lai trong dung dich. O pH = 2,5 cd thé
1am k&t tia hoan toan Zn?' dusi dang ZnS con Mn®* vin 4§ lai
trong dung dich, v.v...

C

ZnS tan trong axit mamh : ZnS| + 2H' — Zn?* + H, St

(gK = -1,8 — (-3,9)) ; khéng tan trong axit axetic ; tan it
trong kiém

ZnS | = Zn% + 8% -21,6

Zn** + 20H” = Zn(OH), 16,7
Zn(OH), == Zn0%~ + 2H" -30

2| H' + OH = H,0 2.14

ZnS | + 40H™ =Zn03~ +$%" + 2H,0 gk = -6,9

Trong dung dich NaOH 1M, d& tan cta ZnS khoidng 1073Mm.

Mst s6 mudi khd tan khiac c6 ¥ nghia phan tich nhu
kém feroxianua K,Zn[Fe(CN)/] (IgK, = -95) mau trdng, it tan
trong dung dich axit y&u, thudng dugc dp dung trong chudn do
thé tich Zn?*. K&t tua ZnNH,PO, (twong ty MgNH,PO,) la tinh
thé trdng, tan trong axit, kiém vA amoniac.

I-2. Phan tng phét hién ion Zn>*

1. Phan tng v6i K,[Fe{CN)]

Ion Zn?* tao véi ion Fe(CN); ™ két tha trdng K,Zn;[Fe(CN), :
3Zn®t + 2Fe(CNy;~ + 2K" — K, Zn,[Fe(CN)], i
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Phan dng phai duge thue hién trong moi trudng e pH < 7
¢ pH cac hon thi két tia tan.

Nén tranh dung du thuéc thi vi sé tao ra muéi Zn,{Fe(CN)
cd dé tan 16n hon.

Cac ion can trd phan dng nhu Cu?*, Fe?*, Fe*, Cd%*, Hg?",
Ag', v.v.. phai duoc tach trude.

ol

2. Phan ing vdi amoni mecurithioxianat (NH),[Hg(SCN )4l
Ion Hg(SCN);™ tao véi ion Zn?* két tua tring Zn[Hg(SCN),].

Thudc thit eiing phan dng vdi ion Cu?* cho két tda xanh luc
Cu[Hg(SCN),], véi ion Co®" cho két tda xanh dam Co[Hg(SCN),],
v6i Cd® cho két tfia trang.

Khi c6 mat cia Zn®" va Cu®* thi s& dugc két tha cla tinh
thé hén hop CuZn[Hg(SCN),] cé mau tim, den hodc xanh dam
tiy theo ti 16 cia Zn?*/Cu?*.

3. Phan tng véi H,S. Trong trudng hop khéng cd ion can
trd, cd thé ki€m tra sy ¢ mat cia Zn®* bing phan dng vdi
H,5 : & pH > 0,65 c6 két tia ZnS mau trang.

II - NHOM
Al = 26,98 ; (Ne) 3s%3p

II-1. Tinh chét chung

Trong dung dich nufc, nhém chi ¢ mét trang thai oxi hda
+ III tén tai dudi dang cation AI** ho#c anion aluminat AlQ;
khong mau. '

1. Tinh chit axit - bazd
Dung dich nudc cta AI** cd phan dng axit y&u :

AP* + H,0 =AI08** + H* -4,9

AP + 2H,0==Al(OH), + 2H" -3,9
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pH ecda dung dich AI*'* 0,1M = 3. Nhom hidroxit cd tinh
chat ludng tinh ro rét :

AlOH),| = AP" + 30H~ -32,4
Al(OH), | =Al0; + H" + H,0 -12,6 dén -15
2. Tinh chét tao phiic

Al** ¢6 kha ning tao phuc vdi nhiéu chdt, dac biét 1a cac
ch&t hitu co e¢d nhdm hidreoxit nhu xitrat, oxalat, tatrat, alizarin,
aluminon. Phic vdi EDTA khd bén (lgf = 16,1).

Trong s6 cac phic chdt vé co, quan trong hon ca 1a phtc
voi F~ lgB . = 6,1 ;11,1 ; 15; 17,8 ; 19,4 va 19,8. Cac phic
vai sunfat, hidrophotphat H,PO, it bén hon.

3. Tinh chit oxi hda - khu

Nhém c¢d tinh khit manh ER|3+;AI = -1,66V. Nhom khit duge

hau hét cic ion kim loal ning thanh kim loai tuong dng (Ag,
Cu, 8n, Cd, 8b, Hg, v.v ..).

Tuy vay & pH = 5 — 11, Al bi bao phu bdi 16p oxit bdo vé
ngan cin hoat déng cia nd.

4. Hop chét it tan

Cd mot s6 hop chit {t tan cla nhém cd ¥ nghia phan tich
Ja nhém hidroxit, nhom photphat AIPO,, nhoém oxinat Al(Ox),
(tan dugc trong clorofom). -

Na,[AlF ], Al[AIF.], AlAsO, cing déu it tan.
Két tia AOH), bét ddu xust hién & pH = 4 (C,p+ = 0,01M)
vA hba tan thanh AlOz_ ¢ pH = 10 - 13. Két tda Al(OH), dé

tac thanh ¢ trang thai keo, song sé bi mudi rat nhanh khi dun
nong trong dung dich kiém.

Cdc axit vo ¢o vd nhiéu axit hitu co hda tan nhom hidroxit
dé dang. Ion NH;r la axit qué y&u khéng hda tan duge Al(OH},
va NH, l1a bazo y&u nén cing hoa tan AOH), khong ding k& :
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AKOH), | =H" + AlO, + H,0 -12,6

NH, + H* =NH 9,24

AOH), | + NH, =AI0, + H,0 + NH} -3,36 (1)

D3 tan cua Al(OH),; trong dung dich NH, 0,1M vao khoang
- 7.107°M. Vi vay khong thé dung NH, dac d€ lam két tia hoan
toan nhém duéi dang hidroxit.

Khi cho ion AIO; téc dung véi cde axit rdt ySu (NH],
CO, + H,0 ...) thi sé c6 két tua nhém hidroxit xust hién. Chang
han, khi dun ndéng NaAlO, véi NH,C] du :

o

t

AlO; + NHy + H,0 =AlOH),} + NH,} gk = 3,36
hodc khi cho CO, 18i qua dung dich NaAlQ, :
AlO, + CO,t + 2H,0 =Al(OH),| + HCO; gk = 6,2.

Ion AF** phan ing véi cac dung dich cacbonat, sunfua, xianua
kiém hoac amoni sinh ra két tta hidroxit, ma khéng tao thanh
cdc mubi tuong dng.

3CO§_ + 2APY + 3H,0 =2AI(0H),| + 3C0, 1 1gK = 31
3877 + 2AP" + 8H,0 =2Al0H);} + 3H,S1 1gK = 40
3CN™ + AP" + SH,0 =Al(OH),| + 3HCN 1gK = 18,5

Cac hing s6 c4n bing kha 16n, phan dng xay ra hoan toan.
Natri axetat tao dudc k&t tita mudi bazo cta nhoém.

3CH,CO0™ + AP* + 2H,0 ==AlOH),CH,C00} + 2CH,COOH

II-2. Phan tng phdt hién nhém

1. Aluminon (axit aurin tricachoxylic) tao véi ion Al**
trong moi trudng axit yéu (pH = 4 - 5) hop ch4t noéi phic
mau dd :
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HO OH
HOOC ﬁ COOH

I
O Q

.
_ Al/3
Tay néng d6 Al’* ma s6 ¢ két tia hodc dung dich mau dé.
Khi néng d6 Al** qua bé thi phai 1am thi nghiém trdng (so
sinh mau cla dung dich nhan duge voi mau cha thude thd va
dung dich dém 14y véi lugng nhu trong thi nghiém da ti€n hanh).

D6 nhay : 10°% ion - g/i. Phé hdp thu Apax = 516 nm
€55 = 2,4 . 10%

Chit ¥ :

a) Cac chdt oxi héa manh nhu CrOi_ phd huy son tao thanh
4 pH = 4-5. _

b) Mot s6 ion ¢d mau rieng nmhu Cu®*, Co?*, \70’2+ can trd
phan dng.

¢) Mot s6 ion cho mau kha dam v6i thude thi, vi du Be’*,
Fe3*, Ti*, Ga®*, 8¢, mot s6 ion cho mau yé&u hon, vi du Bi*
cr3+ Hg2+ o2+ Zr{IV), Th(IV), Mo(V]), v.v..

d) Khi ¢6 céc ion can trd cé
thé tach Al** duéi dang aluminat
AlO; bang NaOH. Cing cd thé

ding K,[Fe(CN) ] d€ lam k&t tua
cdc ion khdc (nhom feroxinua tan).

2, Alizarin dé S cing tao véi g‘e
ion A>* mu8i n6i phic mau do. So,Na

Anh hudng can trd cia cde ion
khac cing tuong tu nhu
trong trudng hgp dung thude thi
aluminon.

Al(OH)
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[II - CROM
Cr = 52,0 ; {Ar) 3d° 4s'

III-1. Tinh chit chung

Crom nam trong phAn nhdm phu ctia nhdm VI ectia bang
tudn hodn, crom cd cac trang thai hda tri +II, +II1 va +VI

Ion cromo Cr’* mau xanh lee, ¢¢ tinh kh¥ rdt manh, thuc
t& khéng bén trong dung dich nudec.

Cac musi Cr(IIl) bén, ddng vai trd quan trong trong thuc
hanh phan tich.

Cr{VI) tén tai dudi dang cdc mubi cromat {CrO%‘) va dicromat
2_
(Cr,057).
1. Tinh chit axit - bazo

Ion crom (III) Cr**, CrOH?* mau xanh ve hoic tim. Dung
dich nudc cia Cr** ¢6 phan tng axit y&u :

cr** + H,0 =CrOHZ* + H* -3,9
Cr** + 2H,0 =Cr(OH), + 2H* -10
pH cta dung dich Cr** 0,1M bang 2,5.
Hidroxit Cr(OH); cd tinh lugng tinh :
Cr(OH); 4 =Cr’* + 30H" - 3,0
Cr(OH); | =H" + Cr0;, + H,0 -14
(m#&c ddu tinh axit IA vé cing yéu).

Trong dung dich nuéc axit cromic H,CrO, 12 mét axit manh
(ndc 1) va la axit yéu (ndc 2) :

H,CrO, =H" + HCrO, pK, = -0,08
HCrO; =H" + Cr03~ pK, = 6,5
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Dung dich Crzog‘ cd phan idng axit :
Cr,05” + H,0 =2HCr0; IgK = -1,64
HCrO, = H* + Cr02~
2. Tinh ch&it tao phic
Cr3* tao duge cdc phic clorua CrC];,' CrCP* it bén.

Cac phic v6i sunfat tuong d6i bén. Cdc phic véi oxalat,
xitrat, xianua, EDTA kha bén. Da s6 cdc can bing tao phuc
ciia Cr** thudng thiét lap cham.

3. Tinh chit oxi héa - khi

Crom la mét kim loai ¢6 tinh khd manh (B30 = —0,74V).

Trong khéng khi crom bi bao phu bdi mét 16p oxit bdo vé ngan
khéng cho kim loai lai bji 4n mon tiép tuc. Kim loai ¢d tinh
thu déng trong HNO,.

Ion Cr?" o6 tinh khir manh (BQ+ 2+ = ~0,41V). NG bj oxi
héa nhanh trong khéng khi, phan ting cham véi ion H* :

2Cr** + 2H' =20 + H, Igk = 13

Phian #ng x3ay ra nhanh khi cé chdt xtc tdc (Pt). Cr?* khi
duge hdu h&t cic chét oxi hoa khac ClO;,NO;,Sn?', v.v..).

Ion Cr** bi Zn hoac hén héng kém khd trong méi trudng
axit thanh Cr?',

Ion Crzog_ ¢é tinh oxi hda manh trong moi trudng axit.
Cry07”" + 14H" + 6e =2Cr" + TH,0 E° = 1,33V.

3 pPH = 4 - 5 phadn dng oxi hda xay ra rdt cham.

Ion CrO” chi bi khit béi cdc chét khi r4t manh. Cr3* chi

bi oxi héa trong méi truang axit bdi cdc cht oxi héa r4t manh
(MnO, , 8,077, BiO] v.v.)} :
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+
X1Ag
20T + 35,027 + TH,0 —— Cr, 057 + 680 + 14H"

2CP* + 8BiO; + 4H' — Cr,027 + 3B*" + 2H,0
Trong méi trudsng kiém, ion CrO; bi oxi hda dé dang (bdi

H,0,, Cl,, Br,, PbO,, Na,0,, v.v..) thanh CrO]” mau vang.

2Cr0; + 3Br, + 80H ™ — 2Cr0}” + 6Br~ + 4H,0
CrO; + MnO; + H,0 — Cr0;” + MnO(OH), |
2Cr0; + 8H,0, + 20H™ — 2Cr0} + 4H,0

4, Hop chét it tan

Cr* tao dudge céc hop chét it tan Cr(OH),, CrPO,, CrAsO,, v.v...
Cr(VI) tac dugc mot s6 hop chdt it tan quan trong trong hda
hoc phan tich : Ag,CrO, d6 gach (Igk, = -11,89), Ag,Cr,0,
(-6,7), BaCrO4 (-9,9), 1:’}:)('.:1'(.')4 vang (-13,7), SrCl‘O4 vang (-4,6),
céc cromat Cu?*, Hg?" Fe**, TI' cang it tan.

Cr(OH), bat ddu k&t tda (tit dung dich 0,01M) & pH = 5
va tan trong kidm du &4 pH = 12,5, taoc thanh ion cromit
CrOz_ mau xanh ve.

Céc cromit kim loai kiém déu dé tan trong nudc nhung cdc
cromit magie, kém, mangan, sit déu khd tan, vi vay n&u cho ’
kiém du tdc dung véi dung dich Cr** khi c6 mat Mg?*, Mn?,
Fe?*, Zn?* thi crom sé& tich hoan toan hoic mét phan dudi dang
két tia cromit clia cdc kim loat dé.

Tudgng tu nhém, cdc cacbonat, sunfua kiém tao voi ion Cr¥*
két tta hidroxit mau lue tham.

2Cr" + 3COZ” + 3H,0 — 2CHOH), | + 3CO, $
2CP" + 8877 + 6H,0 — 2Cr(OH), | + 3H,S |

CH,COONa khéng lam két tia ion Cr* vl tao v6i Cr** phic
chit tan, bén.
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HI-2. Phan ing phat hién crom
Oxi héa ion CrO, boi H,0, trong moi trudng kiém sé duge
ion CrOi_ mau vang dic trung. D& Lki€m tra su cd mit cia

CrQ2” 6 thé cho tac dung vdi AgNO, trong mdi trudng trung
4 3

tinh hosc axit y&u d€ tao thanh két taa Ag,CrOQ, mau dé gach
hodc oxi hda bang H,0, khi ¢6 rugu amylic trong mai trudng
H,80,, dé tao thanh H,CrO; mau xanh :

2Cr0;” + 2HY =Cr,0° + H,0
Cr,05” + TH,0, + 2H* - 2H,Cr0; + 5H,0
: xanh
H,CrOg khéng bén, bi phan hiy nhanh thanh Cr¥* mau luc :
2H,Cr0; + 6H' - 2CP* + 50,1 + 6H,0
Tuy vay, H,CrO; bén trong rugu amylic, trong mét s6 este.

D& phét hién lugng it cda jon CrOZ™ o6 thé ding thubc thir

diphenylcacbazit trong méi trudng H2504 0,1M. Phic chit tao
thanh c6 mau tim. '

IV - THIEC

Sn = 118 ; (Kr) 5s% 4d'° 5p2

Thigc & nhém IV cla’ bang tusin hoan cung véi Ge va Pb.
Tinh ch4t gdn gi6ng Ge. CS 2 trang thai héa tri Sn!! va SnlV.
Hidroxit va sunfua cd tinh chdt lugng tinh. Jon Sn** thuc t&
khong tén tai trong cdc dung dich HCl va H,S0,, nd c6 mat

du6i dang fon phic SnCE”, SnSOZ*.

IV-1. Tinh chét chung
1. Tinh chét axit - bazo
Dung dich Sn** c6 phan dng axit :
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Sn** + H,0 —=SnOH" + H* -2,07
Sn*t + 2H,0 =Sn(0OH), + 2H" ~7,06
Sn’* + 3H,0 =5n(0H), + 3H" -16,61
Thigc (II) hidroxit Sn(OH), mau trdng c6 tinh ludng tinh

bét ddu tdch ra (tit dung dich 1072M) & pH = 1,7 (khi khong
c6 chit tao phitc) va hoa tan trong kiém du & pH = 13 cho

ta stanit SnO%_ khong mau :
Sn(OH), (= H,Sn0,)| + 20H =8Sn0{" + 2H,0
Sn(OH}), c¢d th€ bi méat nudc tao thanh Sn0O mau den :

Sn(OH),} =8n0} + H,0
Cdc dung dich stanit d€ lau tao thanh SnO mau den :
Sn0” + H,0 = SnO} + 20H"
Khi cho kiém tdc dung véi dung dich Sn(II) cd thé xudt hién
két tha mudi bazd, vi du SnOHC), trudc khi tao thanh Sn(OH),.
Thi€e (IV) hidroxit Sn{OH), cd tinh ludng tinh hoi axit :

Sn(OH), ==Sn*" + 40H~ IgK =~ -56
Sn(OH), =8n035~ + 2H" + H,0 lgK, =~ -32.
Cation Sn** chi tén tai trong madi trudng rit axit. 3 pH = 0,5
khi khéng cd chdt tao phiéc {(trong méi trudng HNO, hodc
HCIO,) da xuét hién k&t tua hidroxit mau tring. K&t tda mdi
tach ra thudng duge goi 1A axit « - stanic tan dé dang trong
axit va trong kiém (ngay tit pH = 9) khi d€ ldng hodc dun
ndng thi két tda chuyén thanh axit § - stanie, H,SnO, khd tan
trong HCl va trong NaOH.

2. Tinh chét tao phic
Sn%* va Sn*' déu tao duoc cic phdc cloro it bén :
SaCl*, SnCl,, SnCl;, SnCE", SnCI;, SnCl, SnCL,SnCE .

Phic oxalat cua Sn?" va Sn*™ déu rdt bén. Phic florua cta
Sn(IV) bén d&n muc Al va Zn khéng khu duge Sn(IV) thanh Sn.
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Phuc thic cua Sn(IV) Snsg_ kha bén, vi vay sunfua cda Sn(IV)
tan d& trong cdc sunfua kiém.

3. Tinh chat oxi héa - khu

Thidc cd tink khi manh

Sn?* + 2e = 8n B+, = —0,14V (trong dung dich HCI).

Thiéc tan cham trong HCl, dé tan trong HNO,; tao thanh
axit stanic H,8n0, it tan, mau trang.

Cac kim loai hoat dong hon nhu Al Zn khét Sn?* thanh Sn.
Ton Sn%* ¢6 tinh kh manh. Trong HCl 1M Egnw,-'Sn” = 0,138V.

Trong khéng khi cic mudi stanc Sn(Il) khong bén, bi oxi
hdéa cham thanh Sn(IV).

28n%t + 0, + 2H,0 — 28n*" + 40H (méi trudng trung tinh).
25n%% + 0, + 4H" — 28n'" + 2H,0 (méi trudng axit)

DE tranh su oxi hda ngudi ta thudng phai thém it Sn kim
loai vao dung dich mudi Sn(Il).

Trong dung dich axit SnCL, khit duge Fe** thanh Fe®*, Hg(ID),
Au{II) va As(III) thanh kim loai tuong dng. Chidng han,

38n?* + 2AuCl, + 9H,0 — 3H,Sn0, + 2Au + 12HT + 8CI”
Trong moi trudng kidm ion stanit SnOj cing la chat khu
manh :
Sn02” + 2H,0 + 2e =HSn0, + 30H"
ESno? nisno, = ~0.96V
Dung dich stanit bi khong khi oxi héa thanh stanat.
Dung dich HSnO, it bén, ty oxi héa - khi thanh Snog_

va Sn.
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2HSnO; ==8n0; + Sn | + H,0
Dung dich HSnO, khit Bi (III} thanh Bi mau den.

3Sn0Z™ + 2Bi(OH); — 3Sn0%™ + 2Bi | + 3H,0
den
4. Hgp chét it tan

SnS (JgK = -25) mau nau, {t tan treng HC! lofing, tan dé
trong HCI dac (> 5N) tao thanh phdc cloro cta Sn(ID)

SnS | +4HCl = SnCE~ + H,§ t + 2H"

tan it trong kiém, tan dé trong polisunfua kiém tao thanh phic
thio cia Sn(IV) :

SnS | + 83 = SnSZ”

SnS, mau vang, két tua duge trong méi trudng HCl 2N, tan
trong HCI dac tao thanh phic cloro SnClg_, tan trong dung dich
kiém (k& ca NH3) va sunfua kiém :

SnS, | + OH™ =8n8,0H" 1IgK = 0,2

SnS, | + 8?7 =8n8%" IgK = 5

IV-2. Phan dng phit hién Sn?*

1.. Dung dich HgCl,

Dung dich HgCl, bj ion Sn** khi thanh Hg,Cl, it tan mau
trang vi khi ¢6 du Sn’' thi tao thanh Hg mau xam den :

2Hg™" + 2C17 + $n?" =8n** + Hg,CL
Hg,Cl, § + Sn** =8n'* + 2Hg | + 2C1°

Chu y ré‘mgi Sn** cang khit duge cic hop chit cua As(III),
Ag', Cu®, Pb*, Bi** v.v.. tao thanh kim loai tuong Ung.

~ Trong dung dich HCl ion Sn** kh& xanh metilen va lam
nd m&t mau. Sn?* khi Fe* thanh Fe?* va c¢d thé nhan ra ion
Fe?* do tao duge két téa dé véi dimetylglioxim.
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2. Dung dich iot - hé tinh bét (cé mau xanh cta phitc
tao thanh bdi ion I; va hé tinh bot).

Ion Sn%* khi I; thanh T" va lam m&t mau xanh ciia dung
dich iot — h& tinh bot. .
Sn?* + I; =8a*" + 3I° lgK = 13

Phan Wng nay cé thé dung dé phat hién ion Sn**. Muén vay,
méi ddu ding sat bot d€ khit jon Sn** thanh Sn®* (méi trudng
HCI). Sau dé cho dung dich iot — hé tinh bét vac. Dung dich
s& mit mau khi ¢6 thige.

V - ANTIMON

8b = 121,75 ; (Kr) 582 4d“’ 5p°

Antimon cﬁng.vél asen & nhém V cda bang hé théng tuin
hoan, nd cd cédc trang thdi hda tri -III, +III va +V.

H,Sb ¢6 tinh ch4t gdn giéng H,As, it bén. Vi vay céac trang
thai hoa tri chu y&u céa antimon 1a +IIT va +V.
V-1. Tinh chét chung

1. Tinh chét axit - bazo

a) Antimon (III) hidroxit Sb(OH), hoac HSbG, H,0 két tia
mau tring, c¢6 tinh lugng tinh :

Sb(OH), | = Sb* +30H" -41,5
HSbO, H,0 | = 8bO; + H' + H,0 -11

Trong méi trudng HCIO,, hidroxit Sb(OH); tan rit it tao
thanh ion antimonyl! SbO*

Sb(OH), | + H™ = 8bO* + 2H,0;

Trong HCl loding tao thanh antimonyl clorua $bOCI it tan,
trong HCI dac tao thanh phic chdt SbCE~

SKOH), + 8H" + 6CI” = SbCE~ + 3H,0
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Trong mdi trudng kiém (pH > 9) Sb (II) tdén tai & dang
anion SbO, khong mau.

Cac cacbonat kiém tao k&t tua hidroxit véi ion Sb
3CO;™ + 28%°" + BH,0 —» 2Sb(OH), | + 3CO, 1

Sb(OH), tan trong hidroxit kiém du, tan it trong Na,CO, va
khong tan trong NH,OH va (NH,),CO,.

b) Antimon (V) hidroxit ¢ tinh axit rg, H,5b0O, hogc HSbO,
it tan ngay ca trong HNO, dac. Trong HCI tao thanh két tua-

mau trang SbO,Cl, trong HCl rat dac tao thanh phdc SbCl, .
Phic nay bi thdy phan rit manh : _
SbCl, + H,0 =SbOHCL + H* + CI” IgK = 6,4
SbOHCL + H,0 ==Sb(OH),Cl; + H' + CI” igK = 3,2
Vi vay chi cdn pha loing dung dich SbCL da c6 két tua
5bO,Cl xudt hién.
Trong dung dich kiém manh xu#t hién cdc anion Sb(OH), ,
SbO, va cd ci cde ion phite nhidu nhan Sb30w , Sb 063 v.v..

Tuy vay, cn chd ¥ la khi d€ lau va nhdt la khi dun ndng
thi 8b(V) hidroxit khd tan trong axit va trong kiém.

2. Tinh chét tao phitc

Thudng gap cdc phidc chdt cda Sb(Ill) va Sb(V) vgi CI”
SbClg_,SbC];, cac phic cha SbO' véi tatrat, oxalat, F .

Phic thio cta Sb(III) $bS3™, SbS), SbOS™ va cia Sh(V)

SbS;™, Sb0,S°” kha bén, do d6 antimon sunfua Sb,S, va Sb,S,
tan duge trong sunfua kiém vi bazo kiém.

Sb,S; | + 38%7 =28b83"
Sb,S; 4 + 60H™ =8b03™ + $bS}™ + 3H,0
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Trong (NH,),S,, Sb,8, bi oxi hda va sau do thanh phic thio
cta Sb(V).

P~ Lhe
Sh, S, + 382 =28bS}" + S|

Cac phtc chdt cia Sb(V) voi F~ rdt hén. C¢ thé dung F~ dé
ngan ngia su tac thanh két tua hidroxit va sunfua Sh(V).

3. Tinh chit oxi héa - khu

a) Antimon cd th& bi khi thanh antimon hidrua trong moi
trudng axit ciing nhu trong méi trudng kiém

+ — - —
Sby + 3H' + e = H,Sb 1 ; A

Sb | +3H,0+3e= HSb1 + 30H E‘S’Wssb = -1,3V
b) Sb>* cé thé bi khit thanh Sb :
3 i —
Sb>* + 3e =8b | EQ gy = 0,10V
hode
SbO' + 2H' + 8e =8b | + H,O Egotep = 021V
Thé& phu thuéc néng dé va ban chit cla cdc axit cé mat.
Bai vi
EZ2* sn < Esno®iso < Eodticu

nén thi€c khd duge Sb(IIT) thanh Sb kim loai, con déng khéng
khi duge. Sb khong tac dung voi HCl. N6 phan dng voi HNO,
taoc thanh HSbO, it tan.

Trong mdi trudng kiém :

5b0, + 2H,0 + 3e =5b + 40H- E° = - 0,67V
¢) Sb(III) cd thé bi oxi hda thanh Sb(V).
Trong mdi trudng axit :

Sb,0; | + 6H' + 4e =25b0" + 3H,0 E° = 0,58V

hoac SbCl, + 2e =SbCE~
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Vi du : KI kh& duce SbCl

SbCL + 2T — SbCE™ + I,

Trong moi truong kiém :
SbO; + H,0 + 2¢ =Sb0, + 20H™ E° = - 0,59V

SbO, khi duge Bi(III),. As(IIl), Hg(Il), Ag(l) thanh kim loai
tudng ing. ' '

38b0; + 2Bi(OH); — 38b0; + 2Bi | + 3H,0
Nhém, sat, kém déu khit duge Sb(V) d&n Sb kim loai :
38bCl, + 5Fe — 38b | + 5F*™ + 18CI

4. Hgp chat it tan

Céc sunfua cd mau dac trung, rt it tan, 8b,5; (58,5 cd

mau thay d8i tuy theo kich thuéc hat : mau vang da cam &
trang thai keo, khi két tda ¢ nong trong meéi truong HCl 3N
¢S thé€ cd mau den. Khi thém cham ting giot dung dich Na,8,0,
vao dung dich SbCl, va dun s6i thi cd ké&t tta dé Sb,08, xudt
hién. Sb,S, tan chdm trong dung dich HCI dac ndng, tan trong
kiém (pH > 10), trong amoni sunfua, kiédm sunfua. K& tda
Sbl, mau dé. “

Sb,S; mau da cam, tinh ch4t giéng 8b,8,. Trong dung dich
HCI dgc Sb,5, hoa tan, d6ng thdi Sh(V) bi kh& thanh Sb(IIl):

Bb, 8 + 6H" + 12CI” — 2SbCE™ + 3H,St + 25{.

V-2. Phan iing phait hién antimon

1. Rozamin B

N = (C,Hy),
C,H
673
CH, -cZ~ " °N\o
| I ™~ C.H,
Co - 0 N = (C,Hy),
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Trong moi trudng HC), rezamin B tao duge vai Sb(V) hgp
chat SbCl(:HRJr mau tim, chiét duge bdi benzen. Gallll), TL{IID)
Au(IID), Fe(Iil) can trd phan ung.

2. Thiée (14) khu duge cédc ion antimon thanh kim loai

Phan ung it nhay va khong ddc trung. Nhigu nguyén t6 can
trd phan ing : (Bi(II), AgD, HgdI), HgD).

VI - BERILI

Be = 9,01 ; (He) 25
Berili & phan nhém chinh nhém II va & chu ki 2 trong bang
tudn hoan, do dé vé tinh ch&t n¢ gdn gidng Mg va Al
Trong dung dich cé thé gip cdc ion Be?*, BeOQ,H , BeO%_,
Be,OH", Bey(OH)™ .

Be la kim loai ¢6 tinh khi manh (Ega+y, = —1.85V). Be®
tao duge cdc hgp chdt it tan : BeNH,PO, (IgK = -19,D,
Be,(PO,), (18K = ~-37,7), BeF, (IgK = -4.3).

Be?t tao duge cdc phic chdt véi oxalat, xitrat, sunfoxali -
xilat, florua, axetylaxeton,

Phan dng dic trung thudng duge ding d&€ nhan biét berili
12 morin, thufc thd tao voi ion Be?t (trong dung dich kiém)
huynh quang mau vang. Ciing cd thé thue hién phan dng voi
axetylaxeton CHSCOCHZCOCH3, tao duge két tda trdng tinh thé
Be(C,H,0,},. '

VII - GALI - INDI

Ga = 69,72, (Ar) 3d!® 4s24p ; In = 114,82, (Ar) 4d'° 5s% 5p

Gali va indi thudc phan nhém phu nhém III bang tudn hoan
Mendeleep. Gali c6 tinh.chdt gin giéng Al va Zn, In gan gibng
Al va Cd.
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Trong dung dich nu6c tén tai cac ion Ga®', In*, H,Ga0;,
HGa0j", H,In0; khéng mau.

Cde hidroxit Ga(OH),, In(OH),; mau trdng cd tinh chét ludng
tinh :

Ga(OH), | =Ga* + 30H (-34 dén -36,5)
Ga(OH); | =H,Ga0; + H* (-14,3)
In(OH), | =In* + 30H" (-36,9)
In(OH); | =H,In0; + H* (-17)

Ga(OH), bat ddu két tia & pH = 3 (tit dung dich Ga*
0,01M) va tan trong kiém du & pH = 8-9. In{OH); bat ddu ket
tia 6 pH = 2,56 va tan lai trong dung dich kiém dac (pH = 14).

Ga, In ¢6 tinh khi manh (E ~0,563V)

%a3+,fGa =
El*ys = —0,8V)
In** cang c6 thé bi khi thanh In* (ESx+, + = —~0,40V)

G33+, In** tao duge feroxianua, sunfua it tan.

Ga* va In* tao cse phie chit vdi axetylaxeton, EDTA,
cr, ¥ -

Cd cac phic cia In** vai C,02” ; CH,CO0™; SCN™; Br~

Ga* tao véi thudc thit rozamin B trong dung dich HCI hgp
chat GaCl: RH* mau tim chiet duge bdi benzen.

Chit 3 : TI* c6 tinh chit gin gibng cac jon Ga>t, In3" .
Nhung TI' tao dugc két tia clorua it tan, vi vy Tl thudng
duge x€p vao nhom 3 ciing véi Ag' (tao clorua it tan).

VIII - GEMANI
Ge = 72,59 ; (Ar)3d!%4s24p
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Ge nam trong phan nhém chinh nhém IV cha bang tudn
hoan, nam trung gian gitta Sn va As nhung gén vdi Sn hon.
NG cd cdc trang thai oxi hda : Ge*™, Ge?t, Ge*.

Hidrua H,Ge la chdt khi phan hdy thanh Ge ¢ 360°C.

Hidroxit Ge(OH), dd da cam, GeO mau nau den la nhiing
hgp chat ludng tinh, tan trong HCl, tan trong kiém cho

Geog_ mau dé dé bj oxi héa & khang khi.

GeS tan trong HCI, trong sunfua kiém va (NH,),S.

Ge®* tao phuc cloro, tatrat.

Ge(IV) axit hon Sn(IV), khong cd cation tdn tai. Nguii ta
gap cdc anion HyGeO, , H,GeOF™, HGeO);, Ge,0% . Gemani (IV)
hidroxit ¢¢ tinh axit :

H,GeO, =H, GeO, + H* lgk, = -9,1
H,GeO, == H,GeOZ™ + H' IgK, = -12,7
tan trong kiém du, tan duge trong HCl do tao phic cloro.

Ge khi duoc Hg” nhung khong khdt duge déng
Egettge = 0,23V). _

Ge* cd tinh khii, bi oxi hda ngay trong khéng khi.

Ge(IV) tao phdc véi Cl7, oxalat, F~, 82,

Ge(IV) tao axit di da mau vang HBGQ(M0207)6 vii (NH4')2M004.
Axit nay oxi héa duge benzidin thanh xanh benzidin va tao
thanh déng thai xanh molipdic.

§6.2. HUONG DAN THUC HANH

I - PHAN UNG CUA ION Zo?*
1. Quan sit maua dung dich
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2. Tinh chit cta kém hidroxit

a) Lay 3 giot dung dich ZnSO, Thém 1 giot NaOH 2M.
Quan sat. Thém tiép tiing giot NaOH 2M. Quan sat hién tugng.
Viét phuong trinh phan dng.

b) Ldy 3 giot dung dich ZnS0,. Thém 1 giot dung dich NH, 2M.
Quan sdt. Thém tiép ting giot NH; 2M. Quan sat. Giai thich.

L&y 3 giot dung dich ZnSO,. Thém 1 giot NaOH 2M. Thém
tiép tung giot dung dich NH,Cl. Quan sat hién tugng. Giai thich.
3. Tinh chét cua kém sunfua

a) Ldy 3 giot dung dich ZnSO,. Thém 1 giot dung dich Na,S.
Quan sit mau dang két tda thu duoc Li tdm lay k&t thaa. Chia
két tua lam hai phén.

b) Thém vao phdn 1 tiung giot HCl 2M. Dun ndng.
¢) Thém vao phén 2 ting giot CH,COOH 2M.
Quan sat hién tugng. Giai thich.

4. Tac dung vdi (NH),IHg(SCN),]

a) Ldy 1 giot dung dich ZnSO,. Them giot nuée, 1 giot thuse
thit. Quan sat mau, dang két tﬁa

b) Lay 1 giot dung dich ZnSO,, 1 giot dung dich CuS0,,
1 giot dung dich thuSc th¥ Quan sit mau, dang két tﬁa
G1A1 thich.

- Tac dung vai K [Fe(CN)¢]

Lﬁy 1 giot dung dich ZnSO,. Thém 1 giot K 4[Fe(CN)]. Quan
sat mau k&t taa, viét phucmg trinh phan ing.

Thu tinh tan cta két tia trong HCl 2M, NaOH 2M.
II - PHAN UNG CUA ION AI**
1. Quan sit mau dung dich

2. Tinh chét ctia nhém hidroxit

a) Ldy 5 giot dung dich Al(NG,),;. Thém 1 giot dung dich
NaOH 2M. Quan siat mau dung dich, dang két tia xust hién.
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Thém tiép tling giot dung dich NaOH 2M nita, vita thém via
ldc déu dung dich. Quan sat, giai thich hién tugng.

b} Lidy dung dich thu dude trong thi nghiém 2a), thém 0,5m!
dung dich NH,Cl 2M. Dun cdch thiy vai phdt. Quan sat mau
sdc, dang két tia xudt hién.

¢) Lay 3 giot dung dich Al(NG,};. Via thém ting giot dung
dich NH, 2M vita lic déu cho dén du. Quan sat xem két tha
cd tan trong dung dich NH; khong ?

Thém tiung giot HCI 2M cho d&n khi k&t taa tan.
K&t luan vé tinh chét cta nhém hidroxit.
3. Tac dung véi aluminon

Nhé 1 giot Al(NO;), vao 1 16 trén tdm si nhd giot. Thém
1 giot aluminen, 2 giot dung dich dém axetat. Dgi vai phat. So
sanh mau xudt hién vdi miu cia dung dich trong thi nghiém
ddi chdng gém 1 giot aluminon, 2 giot dung dich dém.

1 - PHAN UNG CUA ION Cr*t
1. Quan sat mau dung dich

2. Tinh chiit cia crom hidroxit

a) Ldy 2 giot dung dich Cr(NO,),. Thém 2 giot dung dich

NH, 2M. Quan sit mau két tda. Thém ti€p tiung giot dung dich
NH,. Két tia cd tan khong 7

b) Thém ti&€p ting giot HCl 2M cho dén tan két tda.
c) Ldy 3 giot dung dich Cr(NO;);. Thém 1 giot NaOH 2M.

Quan sat k&t tua xudt hién. Thém tigp tung giot NaOH 2M
cho dén tan két tda.

d) Dun ndng cdch thiy dung dich thu duge trong thi nghiém
2¢) trong vai ba phiat. Co gi xay ra ?

3. Oxi hoa Crt

a) L&y 2 giot dung dich Cr(NO,);. Thém tiung giot dung dich
NaGH 2M dén tan k&t tua via xuft hidn. Thém 1 giot dung
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dich H,0,. Dun cach thay vai phut. Quan sat mau dung dich
thu duge. :

b) Ldy 2 giot dung dich thu duge trong thi nghiém 3a).

Thém 0,5m! rugu amylic. Thém 1 giot H,80, dac. Lac déu.
Quan sat mau cua 1ép rugu amylic.

¢) Lay 1 giot dung dich thu ducc trong thi nghiém 3a).

Thém 1 giot H,80, dac, 1 giot dung dich diphenylcacbazit.
Quan sdt mau dung dich thu duge.

IV - PHAN UNG CUA CAC ION CUA THIEC
1. Quan sat mau dung dich

2. Tinh ché#t cia thigc (II) hidroxit

a) Ldy 2 giot dung dich SnCl,. Thém ting giot dung dich
NaOH 2M. Quan sit mau, dang két tda xudt hién. Thém ting
giot dung dich NaOH dén tan ké&t tha. Giai thich hién tugng.

 b) Lay 2 giot dung dich SnCl,. Thém 2 giot dung dich NH,
2M. Thém tiép tung giot HCl 2M. Quan sat hién tudng.
3. Tinh chit cua thiée (II) sunfua

a) Liy 3 giot dung dich SnCl, thém tung giot dung dich
Na,8. Quan sdt mau k&t tia xuét hién.’ K&t tia cd tan trong
dung dich Na,S du khong ?

b) Li tam, ldy k&t tha, thém it nude, chia lam 2 phan. Thu
tinh tan cia két taa trong HCl 2M va trong NaOH 2M.

4. Tinh chit cta thiéc (IV) hidroxit va thiée (IV) sunfua

Lap lai cac thi nghiém 2 va 3 véi SnCl,.

5. Khi Sn* thanh Sn?* va phan ung khit cta ion SnZ

Ldy 1 giot dung dich SnCl,, thém 1 - 2 giot HCl 2M, mét
it bot st (bing hat gao). Pun sbdi vai phut d&n hét sdi bot.
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Li tam. L&y phdn nudc trong dem kiém tra ion Sn’' bang
cdc phidn dng sau :

a) Tac dung véi iot — hd tinh bat. Lay 1 giot dung dich thu
duge, thém 1 giot thude thir iot - hé tinh bot 1,25.107%M.

Quan sit su thay déi mau dung dich.

b) Tac dung v6i HgCl, Lay 1 giot HgCl,, thém 1 giot dung
dich thu duge. Quan st hién tuong. Thit thém tidp vai giot
dung dich n@ta. C6 hién tugng gi xay ra ? Giai thich.

8. Oxi héa SnZ* thanh Sn**
L&y 1 giot dung dich FeCI3, thém 1 - 2 giot HCl 2M. Thém
1 giot SnClz. Quan sdt mau dung dich.

Thém tiép 1 giot SnCl, néta. Thém 1 giot KSCN, cd hién
tugng gi xdy ra ? Giai thich.

V - PHAN UNG CUA CAC ION CUA ANTIMON
1. Quan sidt mau cua dung dich Sb(III) va. Sh(V).

2. Tinh chit cia mudi bazg

Lay 1 giot SbCl,, thém 2m! nuée cit. Lic déu. Quan sat ket
tia xudt hién. Thi xem két tda c6 tan trong HCl 2M khéng ?

3. Tinh chét ctia antimon hidroxit

a) Ldy 1 giot SbCl,;, thém 1 giot NaOH 2M, lac déu. Quan
sdat hién tugng.

b) Thém tigp ting giot NaOH 2M dén du. C6 hién tuong gi
xdy ra ?

¢) Lay 1 giot SbCl;. Thém 1 giot NaOH 2M. Lic déu. Thém
ti€p tung giot HCI 2M. Cd gt xay ra ?

d) Ldy 1 giot dung dich SbCl;. Thém 1 giot NaOH 2M. Dun
cach thiy vai phat. Thém ting giot NaOH 2M dén du. Quan
sat hién tugng.

93



e) Ldy 1 giot dung dich SbCl;. Thém ting giot NaQOH 2M.
Pun ndng. Thém tiung giot HNO 2M. Dun ndng. Két tha o
tan khong ?

g) Lap lai thi nghiém 3e). Thay HNO, béng HCl 2M.

h) Lap lai thi nghiém 8e). Thay HNO, bang HCl dac. Quan
sat. Giai thich cdc hién tugng xay ra.

4. Tinh chit cta antimon sunfua

a) L4y 1 giot ShCl,. Thém tung giot Na,S cho dé&n du. Cd
gi xay ra ?

b) Liy 1 giot SbCl,. Thém 1 giot Na,S. Thém ti&p 2 giot
(NH,),8,. Co gi xay ra ?

c) Lay 1 giot SbCl,. Thém 1 giot Na,S. Thém tiép titng giot
Na,5. Dun cach thiy. Két tia c6 tan khong ?

d) Thém tiép 2 giot CH,COOH 2M vao dung dich thu duge
trong thi nghiém 4.c). Cé gi xay ra ? Giai thich.

5. Phan Ung vdi rozamin B

a) Lay 1 giot SbCl, thém 1 giot rozamin B. Doi 15 giay.
Thém 5 —~ 6 giot benzen. Lic déu. Cdé gi x4y ra ?

b) Lay 1 giot SbCl,. Thém 1 giot KMnO, 0,1M. Thém 1 giot
hidroxilamin, 1 giot rozamin B va sau 15 gidy thém 5 - 6 giot
benzen. Lic déu. So sanh k&t qua thu duge trong thi nghidm.

VI - HUONG DAN PHAN TICH HON HQP CAC CATION
NHOM IV
1. Hudng dbn chung

a) Tich cdéc cation nhdm IV bing tdec dung cia NaOH du
khi ¢d H,0, (sau khi tach nhém II va IID. 3 dav cuc ion
nhdém IV tén tai dudi dang anion.

Phat hién duge crom bing mau vang dac trung cla fon CrO2™

94



b} Tach nhém, thide dusi dang két tda hidroxit bang téac
dung cia NH,CL

c) Tach nhom ra khéi thiéc bang téc dung cla HNO,.
2. So d6 phan tich (xrem so dé ¢ trang 96).

3. Quy trinh phan tich

a) Ly 3 - 5 giot dung dich phén tich. Thém HCl 28 dé
két tia hét cation nhom III. Li tam, tdch két tda clorua nhém
II. Thém H,80, 1M (+ C,H;OH} vao nudc loc d€ tach cation
nhém II. Li tam, tdch két tva sunfat nhém II.

b) Thém tiung giot dung dich NaOH 2M vao nudc loe dén
duc. Thém 5 giot dung dich H,0,. Thém ti€p NaOH 2M véi
lugng bing 1/4 V dung dich. Dun ndng cach thay vai phut. Li
tim, tach bé két tda hidroxit cdc cation cdc nhém khibc,

¢) Thém NH/CI rdn, dun néng hén hop cho dén khi khéng
con NH, bay ra (dua vao mui). Li tam, tach k&t tia ra (két
tia 4).

d) Nude loc dude ¢é can con 1/2 thé tich.

Tim Cr : Néu dung dich ¢ mau vang ching té cd ion
CrOi‘A Dé ki€m tra, ldy vai giot dung dich, them 2 giot dung
dich H,0,, 5 giot rugu amylic, 1 giot H,S80, dac. Néu s Cr
‘8é ¢6 mau xanh tim cla H,CrQg xudt hién.

Tim Zn : Ldy 2 giot dung dich nudc loc. Thém ting giot
HCl 2M dén pH = 2 (theo gidy chi thi van nang). Thém 1 giot
dung dich K,[Fe(CN).l, nfu cd Zn sé cd két tta trdng
K22n3[Fe(CN)6]2. Ldy 1 giot dung dich nuéc loc vae tdm sd, thém
1 giot H,50, 1M, 1 giot dung dich CuCl,, 1 giot dung dich
(NH4)2[Hg(SCN)4]. Khi c6 Zn sé c6 ké&t tua tim den, xanh den.

e) Thém vao k&t tda 4 vai giot HN03 2M. Dun cédch thiy
vai phdt. Li tAm téch két toa (két tda 5) ra khoi nuéc loc.

Tim Al : Cho vaoe nudc loc titng giot dung dich NH,; dén cg
mui. Thém vai giot dung dich CH,COOH 2M, 1 giot aluminon
hodce alizarin dé S. C6 két tua dé cia phic nhém {(cdn so sdnh
v6i thi nghiém tridng).
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g) Hoa tan két tia 5 trong vai giot HCl déc (khi dun ndng).
Thém it bot Fe. Dun ndng. Li tdm duge nudc loc 6 va két
tia 6. '

Tim Sn : Léy 1 giot dung dich nuéc loc 6. Thém 1 giet dung
- dich iot - hé tinh bst. ThuSc thd sé médt mau khi cé Sn.

L&y 1 giot dung dich nuéc loc 6. Thém 1 giot HgCl, sé co
két tia tring Hg,Cl, hoac két tia mau xam hodc den cua Hg.

Tim Sb : Cho k&t tia 6 tic dung véi nudc cudng toan (3V
HNO, dac + 1V HCl} dic). C6 can. Hoa tan ké&t tia thu duge
trong vai giot HC1 dac. Thém 1 giot rozamin B, vai giot benzen.

Léc, s¢ dugc 16p benzen mau tim ShCl; HR*.

h) As duge tim tit dung dich géc cung v8i cdc anion (xem
muc §11.4). '

CAU HOI BAI TAP

1. N&u r6 dic tinh quan trong nhft cia cdc cation nhém IV,
2. Du doéan hién tugng xay ra trong cdc thi nghiém sau :
a) Nhé dén dung dich NaOH vao dung dich ZnS0O, cho dén du.

b) Nhé ddn dung dich NH, v&o dung dich Zn(NO,}, cho
dén du.

¢) Thém NH,CI fén vao dung dich 2a) va dun ndng.
3. Dy dodn hién tugng xay ra trong cdc thi nghiém sau :

a) Nhé din dung dich NaOH vao dung dich AlNO,), cho
dén du.

b) Nhé dén dﬁng dich NH, vao dung dich Al(NO;y), cho
dén du.

¢) Thém NH,C] rin vao dung dich 3a) khi dun ndng.
d) Thém dung dich CH,COOH vao hén hgp 3b).
4. Ciing tuong t¢ nhu cdu 3 d6i véi ion Cr*.
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5. Dy doan hién tugng x3y ra trong cdc thi nghiém sau :

a) Thém ddn dung dich NaOH vao dung dich CrCl3 cho dén
du. Thém H,0,. Dun ndng.

b) Thém H,80, dac vao dung dich thu dugc. Thém ti€p vai
giot H,202.

6. K& cic phan dng dac trung d€ nhan ra kém.

7. Du dodn hién tugng x4y ra trong cdc thi nghiém sau :

a) Thém dan dung dich NaOH vio dung dich SnCl, cho
dén du.

b) Thém dén dung dich NH, vao dung dich SnCl, cho dén du.
¢) Cho dung dich HCI vao hén hgp 7b) cho dén du.

d) Thém H,0, du vao hén hgp 7a).

8. Du dodn hién tugng xay ra trong cdc thi nghiém sau :
a) Thém dung dich NaOH vao dung dich SnCl, cho dén du.
b) Thém dén dung dick NH, vao dung dich SnCl, cho dén du.
¢} Thém dung dich HCl dac vao hén hgp 7b) khi dun néng.
d) Dun ndng hén hgp 8b) vai phat. Thém HNO, réi dun nong.

9. Vi€t phuong trinh phan dng xay ra khi thém 1 giot dung
dich 5nCl, 2M va HC] 2M vao 3 giot dung dich HgCl, 2M

10. Vi&t phuong trinh phan dng xay ra khi cho 1 giot HgCl,
2M vao 3 giot dung dich SnCl, 2M va HCI 2M. _

11. Vi sao Fe chi khit duge Sn** thanh Sn?* ma khong khi

duge thanh Sn kim loai. V1 sdo Sn?* chi kh& dugc Fe®* thanh
Fe?* ma khéng thanh Fe ?

12. Lap so d6 phan tich cdc hdn hgp sau :

- a) AP, Zn?, Sn# by AP*, Cr™*, Sn¥
¢) Cr*t, 8a%*, Zn? d) Ba?*, ¢, Sn?
e) Pb**, Cr**, Zn? g) Ag', AI¥, Zn?*

13. C6 thé& chi ding mét thusc thid d€ phan biét cdc hda chat :
a) AlCl, va ZnCl,
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"b) Pb(NO,), va AI(NO,); ;
¢} SnCl, va AlCl,.
Hay ké tén cac thude thit dd. Giai thich.
14. Hay tim céch phan biét cdc hda chit sau :
BaCl, ; AgNO, ; ZnCl, ; AICL, ; NH,NO,
Chi duge dung thém mét thude thi.

15. Dy doén va gidi thich cdc hién tudgng x3y ra trong céc
thi nghiém sau.

a) Cho 1ml SbCl, vio mét 6ng nghiém khé. Nhing vao ddy
mot miu gidy quy zanh.

_ b) Thém 10m! nudc cit vio dung dich a).
¢} Thém HCI diac vao hdén hop thu duge trong b).

16. Cho H,5 0i qua dung dich SbCl;. Téch 14y két tta réi
cho tdc dung véi :

a) Na,8 du.
b) (NH,)S, du.
Giai thich hién tugng. Viét cdc phuong trinh phan dng.

- Chuwong 7

CAC CATION TAO DUQC HIPROXIT TAN TRONG
AMONIAC DU (NHOM CATION V)
cu?t, cd?, Ni?t, co®', Hg?, (Ag*, zn?h

Hidroxit clla cdc cation nhdm V tan trong amoniac du hoic
hén hgp amoniac va mudi amoni do tac thanh phic chft amin
tan. Khi tdc dung véi NaOH thi cdc ion nay mdi ddu tac thanh
mudi bazo, sau d¢ tao thanh hidroxit it tan.

99



§7.1. TINH CHAT CHUNG CUA CAC CATION NHOM V

I - DONG

Cu = 63,54 ; (Ar) 3d'04s

Déng & phan nhém phuy nhdm I clia bang tufn hoan {cung
v6i Ag va Au). Déng c6 2 trang thai héa tri chi y&u la Cu(D)
va Cu(I). Cu(I) khong bén. Trong dung dich thyc t& khong co
cation Cu®, chi gip & dang phic chat hosc hop chat it tan.

I-1. Tinh ch#t chung
1. Tinh chét axit - bazo

Trong dung dich nudc ion Cu?* c¢6 mau xanh luc. Dung dich
cd phan dng axit

Cu®* + H,0 =CuOH* + H* -8
pH cta dung dich Cu®* 10"2M vao khoang 5.
Khi kiém héa dung dich, méi dfiu xuft hién k&t tda mubi
bazd, vi du :
2Cu®* +807” + 20H = Cu,(OH),SO,
Sau dd 12 hidroxit mau xanh nhat
Cu,(OH),80, + 20H" = 2Cu(OH), | + SO%"
Khi dun noéng sé& chuy&n thanh oxit CuO mau den.
Trong dung dich kiém rit manh Cu(OH), tan moét phén tao
ra anion CuO%” mau xanh nhat.

Cu(OH), + 20H” =CuQ]™ + 2H,0

D6ng (I) hidroxit tach ra ngay tit dung dich axit va chuyén
nhanh thanh Cu,0. Trong dung dich CuOH ty oxi héa-khir
thanh Cu?* va Cu :

2CuOH | +2H' =Cu® +Cu | +2H,0
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2. Tinh chdt tao phic
Cc phite chit Cu() v6i CI", NH;, CN™, 5,07 déu khong mau.

Phic chét cia Cu(l) vé6i NH, tuong 'déi bén (gB, = 593 va
lgB, = 10,86). Phic chdt cia Cu(l) véi CN™ rit bén (g8, =
24, 1B, = 28,6 va 1g8, = 30,3) dén mic ma cdc mudi sunfua
Cu(l) khong thé k&t tia khi cd CN™ du. Chéng han, trong dung
dich chia phic Cu(l) 0,01M khi c6 KCN 1M thi -

0,01 _ o323
1+ 1074 + 1028 + 10303

Néu gia sit néng do 5% 1a 1077M thi tich s ion cia Cu,S
bang 1072 10 ¢ « Keus (= 10747 va khong cd két tda
Cu,S tich ra.

Ngudi ta thubng st dung KCN lam ch&t che d& tich Cu?'
ra khoi Cd2*. & day Cu2* bi CN™ khil vA sau d6 chuyén thanh
phic Cu(CN);” kha bén, khong k&t tua vai ILS, trong khi dé

phic CA(CN);~ it bén hon, tao duge két tia CdS trong cing
diéu kién. '

Céc phic chat cia Cu?* véi cac phéi ti khéc nhau thudng
¢6 mau dic trung (zanh, vang, ndu). Phic Cu?* vai NH,
(gh_, = 3,99 ; 7,33 ; 10,06 ; 12,03) mau xanh dam thudng
duge diung d€ phat hién ra Cu?* khi néng 46 khong qud bé.
Tuy vay, cdn chi ¥y rang, do bén cia phic chfit khéng 16n nén
dé& bi phan hiy dudi tdc dung clia cic axit manh :

{Cu'} =

Cu(NHZ* + 4H' =Cu?* + 4NH, : gk = 25
hosc duéi téc dyng cla cdc chét tao thanh két tha it tan (8%,
Fe(CN); ...).

Céc phic chit tuong d6i bén cia Cu?* : phitc vdi CN”
g8, = 25), SCN” (g8, = 6,5), EDTA (g = 18,8).

Cac phic véi CI', Br , F, CH,COO™ ... it bén.
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3. Tinh chét oxi héa - khi

Cd céc cap oxi hda - khi¥ nhu sauy : _
Cut +e == Cu E° = 0,62V
Cu?* +e¢ = Cu* E° = 0,153V
Cu® +2 = Cu E° = 0,34V

T chc th€ dién cue di cho ta thdy Cu* khéng bén. No dé&
dang tu oxi héa — khir :

0,62 — 0,153
a2 = 2 et
2Cu™ =Cu” + Cu IgK = 6,050 6

Eoc:f+;Cu > E02H+{H nén vé€ nguyén tdc Cu khong tan trong

axit (HCI, H loang) dé gidi phdng H,. Tuy vay, khi c¢ 0,
cia khong kﬁ{ thi Cu tan chim trong céc axit nay :

2| Cu | =Cu? + 2e 4(-0,34)/0,059
0, t +4H" +4e =2H,0 4.1,23/0,059
2Cu | +4H* +0, 1 =2Cu?* + 2H,0
IgK = 4(1,23 - 0,34)?0,059 = 60

Cac axit oxi hda nhu BNO,, H,80, dic, ndng héa tan
nhanh Cu,

Ion Cu®* bi khit thanh Cu bdi nhidu ch&t khi : Al, Fe, Zn,
Cd, VD), v.v.. ; Sn trong méi trudng axit khid rdt cham Cu2+

Mot s6 chdt khit duge Cu®* do sin phém khit 1a Cu(I) tao
dugc hgp chét it tan hosc tao phifc bén.

Vi du : E2 2+ = 0,153V < E;Lm_ = 0,535V nén Cu?
’ 3

Cu /Cu

khong oxi hda duge I', tuy vay do Cu* tao duge k&t tia it tan
véi I nén phdn ing lai xdy ra gdn nhu hoan toan :

2| Cu¥*'+e =Cu _ 2.0,158/0,059
sr =I; + 2  -2.0,585/0,059
2| T +Cu* =Cul } | | 912
2Cu® + 50 ==32Cul | +1; IgK = 11
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Ta cfing gdp hién tugng tuong tu déi vii phan dng oxi hda
CN-, SCN™ bai Cu®*
2Cu?* + 4CN™ =2CuCN | + (CN),
va khi 6 CN™ du thi k&t tua CuCN tan do tao phdc xiano :

2Cu?* + 10CN~ ==2Cu(CN),;” + (CN), 1gK = 71,8

Néu thém KCN du vao dung dich Cu(NH)Z" thi xdy ra
phdn dng

2Cu(NH,)2* + 9CN™ +H,0 — 2Cu(CN)]~ +CNO™ +6NH, + 2NH;

V6i SCN- mdi ddu Cu?* tao két tia mau nAu thim
-Cu?*+ 28CN" == Cu(SCN), {

Sau d6 chuyén chém thanh két tia CuSCN mau tring do
Cu2* bi SCN™ khit thanh Cu* tich ra duéi dang két tia CuSCN.

" 6Cu(SCN), § + 4H,0 ==6CuSCN | +80;” + HCN +

+ 58CN- + TH*
Phan dng dién ra d& dang khi 6 chat khi, vi du H,80,

2Cu(SCN), + H,S0, + H,0 —»2CuSCN | + S0 +

+ 2SCN + 4H'
Cu tan trong dung dich NH3 khi ¢6 khong khi : )
4| Cu = Cu* +e 4(-0,52)/0,059
4] Cu* +2NH, = Cu(NHy; 4.10,86
41 H0 = H' + OH" 4.(-14)
0, t +4H" +4e = 2H,0 4.1,23/0,059
4Cu | + 0O, 1 + 8NH, + 2H,0 = 4Cu(NH,); + 40H"
- 1gK = 35,6 (1)

Phan ing ¢ thé dén t6i su tao thanh phdc amin caa Cu?*
ching han :
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2] Cu =Cu? + 2  2.2(~0,34)/0,059

2 | Cu?* +4NH, == Cu(NH;)Z* 2.12,3
41 H,0 =H* + OH" 4.(-14)
O, t +4H* + 4e =2H,0 4.1,23/0,059
2Cu | +0, t + 8NH, + 2H,0 =2 2Cu(NH,)?* + 40H"
1IgK = 29 (2)

Tuy vy, khi khéng cd khéng khi thi phitc amin Cu?* lai bi
Cu khi trd lai thanh phic amin Cu* khéng mau

Cu(NH,)]* + Cu == 2Cu(NH,)} IgK = 3,47 (3)

Do dd, nguti ta thudng ding c6t dung dung dich NH, dic
va NH,Cl nap Cu (& dang vo bao) d€ tinh ché& cic khi (nita,
agon hodc H,). Khi cho céc khi nay qua c6t thi cic vét 0, s&
bi giit lai do cdc phan dng (1) hoac (2) va khi khéng cho khi
di qua thi phan dng (3) lai xay ra va vi voy dung dich trong
cot ludn ludn khéng mau.

4. Cédc hgp chét it tan

Da 86 cic mudi Cu(l) it tan, mau trdng : CuCN (gK, =
-19,5) ; Cul (IgK;, = -12) ; CuSCN (-14,3) ; CuCl (-5,92) ;
Cu,S mau den rit it tan (1gK, = -47,6), két tia duge tit dung
dich axit va tan trong axit HC] dac. :

Nhiéu mu6i Cu®* it tan (cacbonat, oxalat, cromat, photphat,
iodat, sunfua, ferozianua, v.v...).

Déang chi y 12 déng feroxianua Cu,[Fe(CN)] (IgK, = -15,9)
mau dé ndu, it tan trong axit lodng va cing duge coi la mot
tinh chét dac trung cia Cu?*. CuS mau den (gK, = -35,2) tan
it trong HCl dac. Trong HCl 1M CuS tan rét it :

CuS | =Cu® + 8% _ -35,2
$* + 2H' =H,S 19,92
Cu® +4C1° =CuCE" 5,6
CuS | +2H' +4CI” ==CuCE™ + H,8 1gK = -9,68
C 1 1
[] 1-28 148 s s
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S = Y10 7% — 1.4.1075 molfl

Cu5 tan dé dang trong HNO, khi dun ndng
3CuS + 2NO; + 8H' — 3Cu®* + 88 + 2NO t + 4H,0

I-2. Phan ing phéat hién ion Cu®t

1. Amoniac tao véi ion Cu?* phic amin mau xanh dém bén
{trong khoang 6 tudn 18) rft dac trung.

Phic hdp thu cuc dai tai 1 = 620 nm. Hé s6 hdp thu phan
ti &, = 1,2.102. D6 nhay vao khoang 1073 ion-gii.

Phan #ng nay cing duge ditng d€ dinh lugng Cu?*. Cac ion
Ni%*, Co% tao phéc mau véi NH; cin trd phan tng nay.

2. K {Fe(CN)4] tao duge két tia Cu,[Fe(CN)] mau nau.

Phan dng phai thyc hién & pH < 7. K&t tha bi NaOH phan
hity thanh hidroxit. Khi axit héa dung dich thi phic bi phan huy.
Céc chdt tao phéc nhu NH,, CN™ can trd phan dng.

3. Amoni mecurithioxianat (NH4)2[Hg(SCN)4] tao véi ion
Cu?* két tda xanh ve Cu[Hg(SCN) JJ- Khi cé mat céc ion khéc
(Zn?*, Ni%*, Cd*, Co®, Mn?') sé tao thanh cédc tinh th€ hén
tap ¢6 mau sdc thay déi tiy theo quan hé néng dé cua Cu?*
vii cic ion d6. (Xem phan dng v6i Zn?* & chuong 6, muc I-2).

IT - CADIMI

Cd = 112,41 ; (Kr) 4410 552

Cd & trong phan nhém phy nhdm II ctia bang tufin hoan
cing v6i Zn va Hg, vi vay ion Cd?* c6 tinh chdt gdn giéng ion
Zn?*. lIon Cd®* cing cd tinh chdt gdn gidng ion Cu?'.

II-1. Tinh chét chung

1. Tinh ch&t axit - baze : Ion CdZ* khéng mau. Dung
dich nu&e cé phan dng axit y&u :

Cd™ + H,0 =Ca(0H)* + H" 17,62
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Cd** + 2H,0 = Cd(OH), + 2H* -18,5
pH cua dung dich Cd** 0,01M vao khoing 4,8.

Khi thém NaOH vao dung dich muéi Cd%*, méi ddu cd két
tha mudi bazo va sau dé cd k&t tua hidroxit mau trdng.

Khi dun néng, két tia hidroxit hda vang do mft dédn nube
vé sau chuy&n sang oxit mau nau. Trong dung dich kidém manh,
két tda tan mdt phﬁn do tao thanh cdc phli'c hidroxo

- CA(OH)]", CA(OH);™,
2. Tinh chfit tao phitc

Ion Cd?' tao duge nhiéu phdc chét véi cdc ph6i ti khéc
nhau, trong 46 s6 phsi trl t8i da thudng bing 4.

Cac phitc véi CI', Br-, SCN™ it bén. Phic tuong d6i bén véoi
amoniac : CANH,2" (g8, , = 2,51 ; 4,47 ; 5,77 ; 6,56), phuc
vei 17 CAI™™@~ (1g8_ : 2,28 ; 3,92 ; 5 ; 6,10), phic véi C,0%°
(g8, = 5,29), phic kha bén v6i CN™ (g8, = 10,60 ; 1g8, = 15,3 ;

lg8, = 18,85), v6i EDTA (g8 = 16,6). Cd(OH), tan duge trong
cac dung dich NH,;, CN°, EDTA do tao phic bén.

Ton Cd?* tao dugc céc hop chét n6i phic c6 mau véi nhiéu
thudc thi hitu cd. Phic vdi natri dietylthiocachamat chiét dudge
béi cde dung méi hitu cd (nhu CCl,, CH,, CHCl,, v.v..).

Phitc véi dithizon Cd(HDz), chiét dugce bai CCl,, CHCl,. cd?t |
cling tao dugc phdc chit vdi o—phenantrolin, axit sunfoxalixilic,
axit xitrie, etilendiamin, «, o’-dipiridin.

3. Tinh chédt oxi héa - Kkhi
Cd cd tinh khir manh E‘édﬁmd = 0,40V,

Cd cé th€ khit duge cic kim loai ning, nhung d&n lugt nd
ion Cd?* lai bi Al, Zn khi thanh kim loai.

4. Hgp chét it tan

Cac mu6i it tan thudng gip : cacbonat, oxalat, photphat,
feroxianua, asenat, sunfua, v.v... Dang chui ¥ 12 sunfua CdS
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(IgK = -26) ¢ mau vang dac trung (.v&ng chanh ho3c da cam)
va thudng tach ra & trang thai keo. CdS téch ra ngay trong
dung dich axit.

D€ lam két tia hoan toan CdZ* (C 2+ < 107%) thi néng do
ion H' cén thist lap bing : :

Gyt = VE K SICo 2+ - Kods
< V1071992 1971 1976 10%

suy ra Cyt = 10705 hay pH > 0,5.

Trong thyc t& ngudi ta thudng thist lap pH = 0,5, & ditu
kién nay ZnS chua két tia (xem muc I-1 chuong 6). Mat khsc,
CdS tan duge trong HCI, st04 cd nfng 40 da lon.

Trong khi d6 CuS (g, = -35,2) lai r&t kh¢ tan trong axit,

Vi vy, c6 thé thist lap mot ndng d¢ axit thich hop d€ tdch
Cu?* ra khéi Cd?* biing cdch lam k&t tis dudi dang sunfua.

Chang han, trong dung dich HCl 1M CuS hdu nhu khong tan :

CuS | =Cu® + 8% -35,2
§* + 21 =H,S 1 19,92
Cu?* + 4Cr == CuC~ 5,6
CuS § +2H" +4Cl" =H,S t + CuCi™ 1gK = -9,68

v6i Cy+ = Co- = 1ta tinh ra Seus = 107°M trong khi d6 qua
trinh hoa tan cta CdS trong HCl nhu sau

CdS | =Cd? + 8% IgK, = -26,1
$ + H* =HS 12,9
8- +2H'  =HS 19,92
Cd* +CI-  =cqcr 1,95
Cd* +20I" =CdCl, 249
Cd®* +3Cr = CdCly 2,34
Cd®* +4CI" =CdCB~ 1,64
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Quy udc do tan cha muél la S5, ta o :
S = Cog+ = [Cd?] + 2[CACL) = [Cd*'1 (1 + BICI] +
+ BCI 1 + B,ICI PP + 8,IC1 1Y
suy ra [CdZ*] = S/(1 + B,ICI"] + ... + B,ICI'TH NS Y)
Mat khac :

§ = Cg- = (S¥] + (HS'] + [H;8] = [] A + K [H'} +
+ KK [H'D)
hay (521 = S/ + K, [H'] + (KK '[H')] @)
T8 hop (1) va (2) tromg bi€u thidc tich s6 tan
(871 [Cd*] = K,
va chép nhan [C1'] = [H'] = 1, ta tinh ra :
S=Vga +Zpa+ '+ K'Y
S = Y1026 (107 + 102> + 101 + 10464 (107

S ~ 23102
Nhu vay CdS tan ré rét trong HCI con CuS héu nhu khong tan.

II-2. Phéan tng phét hién ion Cd**

Thudng ding phin dng tao thanh CdS mau vang dic trung
v6i thube thit Na,$ d€ nhan ra ion Ccd?.

D& tranh anh hudng cin trd cta Cu?*, Ni?*, Co®, ngudi ta
dung KCN 1am chdt che. Nhu da thdy (trang 101) trong dung
dich KCN iM khong cé két tia Cu,S xufit hién. Trong diéu
kién nay, néng d6 ion Cd** (t¥ dung dich géc 0,01M) bing :

C'egt = 0,011 + BICN] + BICNT + BiICNP + B,ICNTTH
v6i [CN'1 = 1, ta of |
C'ogt = 004101885 = 1072083

108



Né&u dung thudc thi la Na,S 0,01M trong dung dich cd
pH = 11 thi

82~ + H,0 =HS~ + OH~ lgK = -1,08
Cc 0,01
(1] x (102-x) 1073

Tinhrax = 1,2.10 % = Cg-
va C'cgt . C'g- =1002085 12 1074 = 1,7 . 1005 > K (107%)

vay o6 két tia CdS xuft hién.

D& phat hién ion Cd?* khi c¢é mat cic jon khéc, méi dbu
phai lam két tia phin 1dn céce ion la bing hén hgp NH, + NH,CI
khi ¢6 H,0,. g day, hdu hé&t cdc cation bi k&t tda dudl dang
hidroxit. Trong dung dich chi con lai cde cation nhém 4 va Zn?

mot it Hg?*, AsO} ™. Bing tic dung cia KCN ta s& che cic ion
" Cu?*, Ni?*, Co?*. Cho Na,S dé lam két tda CdS. O day HgS
tan trong Na,S vi tao thanh HgS; bén. Khong nén ding qua

du KCN, vi khi 46 néng do ion Cd?* s& qud bé khéng di lam
tdch ra dudi dang két tda CdS. Do nhay : 1072 ion-g/i Cd?

IIT - NIKEN

Ni = 58,71 ; (Ar) 3d% 4¢?

Niken cling v6i coban & trong nhdm VII cda bing tufin hoan
vi vay tinh chdt rt gdn nhau.

I1I-1. Tinh ché&t chung

Niken ¢d cdc trang th4i oxi hda ti +2 dén +4. Trong dung
dich nudc chi tén tai +2. Tinh ch&t gdn gi6ng Fe(l), Zn(I),
Mn(I1}), Co(II), Cu(ID).

1. Tinh chiit axit - bazo

Ion Ni** ¢6 mau xanh ve, dung dich nuée o phin ng
axit yéu
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NiZ* + H,0 == NiOH* + H” -9,3

pH cia dung dich Ni?* 0,01M vio khoing 5,7.

Khi kiém hda dung dich Ni?* méi ddu 6 k&t tia muéi bazo,
sau dd cd két tda hidroxit Ni(OH), (ng = ~14,7) mau xanh
nhat, tach ra 6 pH = 7.

Niken hidroxit tan trong cdc axit, khong tan trong kiém du.
Két tia cang tan trong NH, v& cdc mudi amoni do tao phic amin.

2. Tinh chét tao phdc

Céac phic rdt it bén : phic véi CI", CH,COO™,F". Phic
tuong d6i bén : phic v4i NH, (gh, o = 2,67 ; 4,79 ; 6,40 ;
7,47 ; 8,10 ; 8,01), phic véi oxalat, thioxianat, pirophotphat,
xitrat, sunfoxalixiiat.

Céc phdc rét bén : phdc vai xianua (lg8, = 30), EDTA
(g8 = 18,6) v.v..

Ni2* tao duge hop chdt noi phdc véi nhiéu thube thu hitu
¢o nhu oxim, 1,10 — phenantrolin a, « - dipiridin, dithizon,
natri dietyldithiocacbamat, PAN. Dac biét, cac thude thi c¢d chita
nhém oxim (dimetylglioxim, nioxim, v.v...} cho phdn dng mau
dic trung, duge ding d€ xdc dinh dinh tinh va dinh lugng Ni%*.

3. Tinh ch&t oxi héa - kha
Ni?* 4+ 2e =Ni E° = - 0,23V
Phan dng xay ra cham theo ci hai chiéu.

Qu4 th€ ctia hidro trén Ni kha 1én (0,20V), vi v8y Ni tan
cham trong dung dich HCl va H,S0, loing, tan dé& trong céc
axit oxi héa (HNO,, H,80, dic ndng).

Trong dung dich kiém Ni(OH), khéng bj oxi hda bdi oxi
khong khi, cdc chdt oxi hda cé th€ oxi héa Ni(QH), va cho lan
lugt Ni,0,, Ni,0, va NiO, Céc chdt oxi héa nhu IO, O,
H,0, oxi hda Ni(OH), tao thanh chd y&u Ni;0, ; ClO,
szog‘, BrO™ oxi héa tao thanh Ni,O, ; con MnO, , 10, cho ra

c4 hai oxit.
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Trong dung dich kiém NiO, ty phan hiy nhanh :
4NiO, | —2Ni,0, | + 0, 1

Ni,Oy cing tu phan hdy cham trong dung dich :
6Ni,O, | —4Ni;0, | +0, 1

4. Hop chit it tan

Cd nhiéu hgp chat it tan cta niken : hidroxit, ferixianua,
cacbonat, oxalat, photphat, pirophotphat, asenat, sunfua,
dimetylglioxim, oxinat, v.v... .

Hidroxit tan trong NH, va mu6i NH: do tao phdc amin :

Ni(OH), + 6NH,; = Ni(NH,)?* + 20H" IgK = -5,66

NiS mau den. Khi méi tich ra tén tai dusi dang «
(IgK,, = -18,5) tan dé trong cic axit vo co loang. Khi d&€ lau
trong dung dich nuéc thi k&t toa bi 1am mudi nhanh, két tinh
lai, thay d&i kich thudc va chuyén sang dang 8 ﬂqus = ~24)
hodc sang dang y (-lgK, = —25,7) rit khd tan trong HCI lodng,
tan dude trong cac axit oxi hoa (HNQ,, HC] + H,0,, ..)

to
Ni§ + H,0, + 2H' = N&" +§ + 2HO

t
SNi$ + 2NO; + 8H" — 3N#* + 38 + 2NO t + 4H,0
NiS khéng tach ra khi cho H,S tdc dung v4i dung dich Ni%
trong méi trudng axit.
Thuc t&, trong dung dich HCl 0,01M bao hoa bang H,S thi :
_ K K, {H,S] 1071992 ¢ 1

SZ = = = 1071692
T T (1072

v6i Cyp+ = 1072 thi Ce-.C 07183 i

viy khéng cd NiS ké&t taa.

_ —18,92
Nt = 10 < Ks(NiS) (1
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f1I-2. Phan dng phat hién ion Ni*

Phén dng véi dimetylglioxim :
Dimetylglioxim 13 moét axit y&u : _
HDim =H"' + Dim~ IgK = -11,1
Thubc thir tao vdi ion Ni** hop chdt noi phic it tan mau do :
CH,-C - C- CH,

i
0-N N=O

N
: I N
O« N N—J)

CH, - fll - g - CH4
. Trong dung dich nudc bao hda cha dimetylglioxim (pH = 7
Cupi = 4 - 107> M thi [Dim™] = 107141 4. 1073107 = 10785 néu
col Cypt = 1072 thi :

1072

=107
1+107%. 10

(N#*] =~
3 2 _— 1072 -13 = 10°25). vi .
va Co+ . Cpi = 1074 . 1077 > KsNi(Dim)z (= 107, vi vay cd
k&t tua d& cia niken dimetylglioximat xudt hién.
Ta cing cd thé tinh duge pH b4t diu xufit hign k&t tda.
DE cé k&t tda xuét hién

—25
Coim™ > 1’ 107 10718
107?

[(HDim] _ 4.1073
HY = K—— = 10711,
[H] [Dim] 1074158

Nhu vay, k&t tda Ni(Dim), bit ddu xudt hién 8

Mat khac :

= 1072
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Trong thuc t&€ thudng lam két tia trong mdéi trutng dém
axetat.

Do néng do dimetylglioxim trong dung dich bac hda khong
16n, nén d€ ting d6é nhay ngudi ta thudng pha thudc thir trong

dung dich rugu hodc trong NI, va lam két tda trong dung dich
trung tinh, amoniac hodc axetat.

D6 nhay : 5.107° ion-g/l Ni%*.

Khi néng do ion Ni®* r4t th&p thi khong cé két tta t&ch ra
ma chi ¢é dung dich mau héng tao thanh, hdp thu & budc séng
cuc dai 2, = 445 nm va 543 nm trong dé hé s§ hdp thu
phan tif £, = 1,6 . 10%

Chét cdn trdé : - Ion Fe?* tao véi thudc thit trong méi trudng
dém NH, — NH; két tia mau dé. Vi vay khi ¢ Fe** muén
tim Ni** phai oxi héa Fe® thanh Fe¥ bing H,0, HNO,,
(NH,),8,0, va sau dé che Fe** bing ion tatrat hodc F~ {chuyé&n
Fe** thanh phdc FeTat' hoac FeF%“ khong mau).

- Ton Cu®" c4n trd do mau xanh cdia né, vi trong dung dich
NH, thi do mau xanh d8m cda phdc amin. Ion Cu?* cing cd
thé tao phdc dé ndu v8i dimetylglioxim. D€ loai trt Anh hudng
can tré cia Cu?* ngudi ta khi né thanh Cu(l) bing HSO,; va

sau dd két tua Cu' dudi dang CuSCN.

- Ton Mn*" tao thanh két tia MnO(OH), mau niu sé can
tré phan @ng. Cén khi bing HSO;.

- Ton Co®" v&i ndng d¢ qué cao s& can trd phan dng do mau
dam cta phic amin cia Co?*. Liec dé phai oxi hda Ni?*, Co?
thanh oxit bac cao bang (NH,),5,0; trong méi truong NH, khi
cé dimetylglioxim. Chi ¢d Ni** chuyén vao dung dich do tao
phitc vdi dimetylglioxim.

- Phén ung giita Ni%* va dimetylglioxim 88 nhay hon khi c6 .
chdt oxi hda (Bry, L,).
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IV - COBAN

Co = 58,93 ; (Ar) 3d74s?.
IV-1. Tinh_ chét chung
1. Tinh chéit axit - bazo
Dung dich Co** ¢6 mau héng nhat, cé phan ung axit yéu :
Co** + H,0 = CoOH* + H* -11,2

pH ctia dung dich Co>* 0,01M bing 6,6.

Khi kiém héa dung dich Co®* méi déu cd két tia musi bazo
va sau d¢ 12 coban (I} hidroxit Co(OH), (IgK, = -14,2) mau
héng bi oxi héa trong khong khi thanh Co(OH); mau nau, it
tan hon nhiéu (-40,5).

2. Tinh ch4t tao phitc

Ton Co** tao dugc céc phitc it bén véi axetat, sunfat, thiosunfat,
cdc phdc tuong ddi bén véi amoniac, oxalat, xitrat, pirophotphat.
Cac phic kha bén véi xianua (Ig8; = 19,1), EDTA (g8 = 16,2),
trietylentetramin, etylendiamin, v.v...

Céc phic chit cia Co®* ndi chung bén hon céc phidc tuong
ing v6i Co?*, chéing han, phic EDTA véi Co?* (g8 = 16,2),
véi Co*™ (lg8 = 36,0) . Phic amin cia Co?* v6i NH, c6 mau
vang (1g8, ., = 1,99;3,5;4,43,5,07;5,13; 4,39) bi oxi hda trong

khong khi chuy&én thanh phic Co®* mau hdéng, kha bén
(g8, _¢ = 7.3; 14,0; 20,1; 25,7; 30,75; 35,16). Phan dng nay

thudng duge diing d€ phat hién coban.
3. Tinh chdt oxi héa - khi

"Coban ¢d cdc trang thai oxi héa : Co ; Co(Il}) ; Co(IID) ;
Co(IV) ; trong dé quan trong 13 Colll) va Co(IIl).

Coban c¢d tinh khi tuong d6i manh :

Co =Co®" + 2e Eg 2t = —0,28V

Coban tan dé trong cac axit loaing. Trong méi trudng NH, hodc
kiém manh coban ¢6 tinh khit manh hon do tao céc phic amin
cia coban (II) tuong d6i bén va cac hidroxit cha Co(Il) it tan.
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Eg‘o(()li)zl(.‘o = —0,73V va E((]:n(Nu]}E%o = -0,56V

Trong méi trudng axit ion Co™ 1a chét oxi hda rat manh
Co* + e =Co?t E?:03+;C02+ = 1,84V

vi vy trong dung dich nudc cdc mudi Co®>* khéng bén, ion Co3*
oxi hda H,O tao thanh Co?* va 0,.

Ton Co?* cé tinh khi rdt y&u, r&t khd oxi héa thanh Co3*
trong mdi trudng axit (trit khi dién phan).

Co(OH); rit it tan trong cdc axit loang (HNO,, H,80,), tuy
vay nd tan dé khi cé chit khit (H,;0,, CI', v.v..).

Chang han, Co(OH), tan d& dang trong HNO, loéing khi cd

2| Co(OH), | = Co* + 30H 2(- 40,5)
2| Co™ +e = Co? 2(1,84/0,059)

H,0, = 0, 1 +2H" +2¢  -2.0,682/0,059
6| H +OH = H,0 6.14

2Co(OH); | +H,0, +4H" =0, t +2Co”" +6H,0  1gK = 42,25
hoac tan trong HCI dac

2Co(OH); + 2CI” + 6H" — 2Ce®* + Cl, 1 + 6H,0

Cac phdc chdt Co** bén hon céc phic tuong dng cta Co?*
vi vay khi cé chdt tao phic n6ng d¢ Co** gidm nhiu hon, do
dd, thé cia cap Co*'/Co?* gidm xu6ng nhidu va tinh khi¥ cia
Co®* tang lén, nd d& bi oxi hoa thanh Co(II). Chéng han, khi

¢6 NH, du thi phdc Co(NH,)2* ed tinh khi manh.

Co(NH,);" = Co** + 6NH, - - 85,16
Co™ +e = Co?* 1,84/0,059
Co™™ + 6NH, = Co(NH,)?* 4,39
Co(NH,); " + e = Co(NH,)2* 0,416
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hay  ERyniyltcanmyt = 0:416.0,059 = 0,025V
N6 bi oxi hoa dé dang bsi H,0, va chuyén ti mau vang
sang mau héng clia phdc Co(N}13)2+.

Tuong tu nhu vay, E?:"(CN):_"CO(CN):_ = -0,8V.

4. Hgp chit it tan

N6i chung, cdc hgp chét it tan cia Co(Il) thudng cd mau
héng hoac xanh. Cac hop chdt cia Co(IIl) cd d6 tan bé hon cac
hop chét tuong dng cia Co(Il). Cac hop chit Co(ll) thuéng
gap : hidroxit, asenat, photphat, cacbonat, oxalat, feroxianua,
coban - thiy ngan thioxianat Co[Hg(SCN) 4)- Coban sunfua mau
den, mdi tdch ra & dang a (IgK, = -20,4) sau d6 chuyén sang
dang B (IgK. = -24,7) it tan hon nhiéu, ngay ci trong HCI 1M.
Cdc hgp chdt it tan quan trong cta Co®* Co(OH),; (-40,5),
Co(I0,); (-8,6} va NaK,[Co(NO,).] (-10,7).

IV-2. Phan dng phat hién Co?*

1. Phan ung vdi SCN™

Ion Co®* tao phéc mau xanh véi ion SCN . Trong dung dich
nubc phdc it bén (g8, _, = 3,0;3,0;2,3;2,26).

Tuy vay, khi ¢d dung méi hifu co nhu ancol, axeton thi phic
it phan li hon va phan ¥ng tré nén nhay hon.

Céc ancol it tan trong nudc nhu ancol amylic, benzilic, v.v...
hoa tan phific va ndi lén mit nude thank mdt vanh mau xanh.
Phan dng phai duge thuc hién trong méi trudng axit y&u hoic
trung tinh. Phai ding dung dich thudc thi cd néng d6 16n (dung
dich bio hda NH,SCN).

Céc ion tao duge phidc mau nhat v6i SCN™ cin trd phan dng
néu ndng d6 lan.

Ion Fe** tao phic mau d6 véi ion SCN™. Trong trudng hop
nay phai che ion Fe** bing cich thém NaF dé chuyén né thanh

phic Fe]i‘z_ khéng mau.
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Ion Cu?* tao phic mau nau voi SCN™. C6 thé che né béng
cach cho tao phdc véi thioure hosic khit né thanh Cu(l) bang
NaHS0,.

Ton Ni?* tao phic mau xanh nhat khéng tan trong dung méi
hitu ca, vi vay khéng cdn trd phin ing.

2. Phan I'Ing vai (NH4)2[HE(SCN)4]

Ion Hg(SCN);™ tao véi ion Co®* két tia Co[Hg(SCN),] mau -

xanh. Khi thém Zn®* thi sé tao thanh cic tinh thé hén tap co
mau t¥ xanh lam dén xanh dam tiay theo ti 1& Co®*/Zn?*.

Khi ¢d ion Cu?* thi mau s& bién d8i tit xanh dam dé&n xzanh
den hodc xanh ve, tay theo ti 18 Co?*/Cu?*.

V - THUY NGAN (xem §5.1, III, trang 57-63).

§7.2. HUONG DAN THUC HANH

I - NGHIEN CUU TINH CHAT ION Cu?*

1. Quan siat mau dung dich Cu?t

2. Tinh chét cita dong hidroxit
a) Léy 1-2 giot dung dich Cu(NO,),. Thém 2 giot NaOH 2M.
P& ¥y mau két tia xu4t hién.

Bun ndng dung dich thu dugec. D€ ¥y sy thay d6i mau ké’t
tia. Giai thich.

b) Ldy 2 giot dung dich Cu(NO,),, thém tiing giot dung dich
NaQCH 2M dén k&t tia hoan toan. Két tia co tan trong NaOH
du khong ?

Li tam ldy két tua, thi tinh tan trong HCl 2M.
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c) Lay 2 giot dung dich Cu(NG,),, thém ting giot dung dich
amoniac 2M cho dén du. Quan sat hién tugng, d€ y mau
dung dich.

Axit hda cham dung dich thu duge bang HCl 2M. Mau dunlg .
dich thay d6i ra sao ? Giai thich,

3. Tinh chét cta déng sunfua

a) Lay 1 giot dung dich Cu(NQ,),, thém 2 giot dung dich
Na,§ (hoac 2 giot nude H ,9). Li tam, 14y k&t tua thu duge chia
lam 2 phé&n : _

— Phéin 1 : thi d9 tan cia két tda trong HCl 2M khi nguéi
va khi dun ndng. Két tia e6 tan khéng ?

- Phén 2 : dun ndng két tha vdi HNO, 2M. Ké& taa cd tan
dé khong ? Thém vai giot NaNO,, két tua cé tan ré khong ?

b) Ldy 1 giot dung dich Cu(NO,),, thém tiing giot dung dich
amoniac 2M d&n mau xanh dim. Thém ting giot dung dich
KCN dén m4t mau xanh. Thém tiép 1 giot dung dich Na,3. Cg
két tia khong ? Tai sac ?

4. Tinh chét ctia dong feroxianua

Ldy 1 giot dung dich Cu(NO,},, thém 1 giot dung dich
" K,[Fe(CN),]. D€ y mau két tia xuﬁt hién. Thi xem két tda co
tan trong dung dich NH, du khoéng ? c6 tan trong HCl khéng ?

5. Phan dng vdi (NH4)2[Hg(SCN)4)

Ldy 1 giot dung dich Cu(NO,),, them 2 giot dung dich
(NH 4)oHg(BCN), 1. D8 ¥ mau ket tua xu#t hién, thém ti€p 1
giot ZnCl, 0,1% . Tron déu. Mau két tia cd thay ddi khéng ?

II - PHAN UNG CUA ION Cd?*

1. D€ ¥ mau chia dung dijch Cd?t
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2. Tinh chét cta cadimi hidroxit

Lam thi nghiém giéng nhu thi nghiém 2 d&i vdi Cu®'.

3. Tinh chit cia cadimi sunfua

a) Ly 1 giot CA(NO,),. Thém 2 giot Na,8 (hoac nudce H,S8).
Li tam. Ldy két tta, thém {t nudc va chia lam 2 phén :

- Phén 1 : thi tinh tan cia két tia trong HCI 1M khi nguoi
va khi dun ndng.

- Phén 2 : thu tinh tan cta két tda trong HNO, 2M khi
ngudi va khi dun ndng.

b) Ldy 1 giot CA(NQ,),. Thém titng gict NH; 2M dén duc
va sau d6 d&n tan. Thém 1 giot Na,S. C6 két téa khong ?

¢) Ciing lam nhu trong thi nghiém b) nhung c6 thém 2-3
giot KCN truéc khi thém Na,S. Co két tda khong ? Giai thich.

III - PHAN UNG CUA ION Hg*

1. Tinh chét cia thiy ngan hidroxit

a) Lam nhu cdc thi nghiém a), b) d6i véi dong hidroxit.

b) L&y 2 giot HgCl,, thém titng giot dung dich NH, dén cd
mii. Dun s6i. Giai thich hién tugng.

2. Tinh chét cia thiy ngan sunfua

a) Léy 2 giot dung dich HgCl,, thém 1 giot dung dich Na,S.
DE y mau két tda. Thém tiép 2 giot dung dich Na,8 nita. Dun
néng cich thiuy. CS gi xay ra. Giai thich.

b} Ldy 2 giot dung dich HgCl,, thém 1 giot dung dich Na,S.
Li tam. Ria k&t tda thu duge v8i nude.
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- Thém 2 giot dung dich HNO, dac vao két taa thu duge.
Dun soi, két tGa c6 tan khéng ? Thém tiép 6 giot HCI dac.
Dun s6i. K&t tha c¢d tan khong ? Tai sao ?

3. Tinh chét oxi héa ~ khu

a) L&y 1 miéng Cu d4 danh sach. Nho lén d6 1 giot HgCl,.
Quan sit vét &m xu&t hién. Rita sach vét &m véi nudc. C gi
thay d8i ?

b) Téc dung véi SnCl, Ldy 1 giot dung dich HgCl, Them
1 gigt dung dich SnCl,. Quan sat mau két tia. Thém tiép 2
giot dung dich SnCl, nita. D€ ¥ mau két tia thay déi ra sao ?
IV - PHAN UNG CUA ION Ni

1. Quan sit mau dung djch ion Ni¢t

2. Tinh chét ciia niken hidroxit

Lam nhu tromg cdc thi nghiém 2b) va 2c) d6i véi Cu2'.

3. Tinh chét cia niken sunfua

a) Ly 2 giot dung djch NiCl,. Thém 2 giot dung dich Na,5.
Li tam ngay. Quan sat mau két tha va nude loc trén két tia.

Liy ké&t tua thu duge cho tdc dung v8i HCI 2M. Két tda cd
tan khong ?

b) Thém tiép vao hén hgp thu duge 2 giot dung dich H,0,,
‘Dun s6i. K6t tia c¢6 tan khéng ?
4. Phan Ung vdi dimetylglioxim

a) Ldy 1 giot dung dich NiCl,. Thém 1 giot dung dich dém
axetat va 1 giot dung dich dimetylglioxim. Quan s&t mau két tua.
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b) Ldy 1 giot dung dich NiCl,. Thém 1 - 2 giot dung dith
dém axetat, 2 - 3 giot KCN va 1 giot dimetylglioxim. Quan sat
hién tugng. Giai thich.

V - PHAN UNG CUA ION Co®*
1. Quan sit mau dung dich Co?*

2. Tinh chiit cia coban hidroxit

- Lam nhu trong céc thi nghiém 2b) déi voi Cu?

- Lay 1 giot dung dich CoCl,, thém ting giot dung dich NH,
2M dén du. Thém 1 giot dung dich H,0, Quan sit.

- Léy 1 giot dung dich CoClL,. Thém 1 giot dung dich NaOH.
Quan st mau két tia. Thém 1 giot dung dich H,0,. Quan sait
sy d8i mau k&t taa.

- Li tdm l4y két tda. Ria sach. Chia lam 2 phdn. Thém vao
- phan mdt 1 giot dung dich HNO,;. Dun s6i. Két tha cd tan
khéng ?

~ Thém vao phén hai 1 giot HCl dac. Dun séi. K&t tua co
tan khong ?

3. Tinh chfit cia coban sunfua

Lam nhu trong thi nghiém 3 d6i véi niken.

4. Phian ung vdi NH,SCN

Ldy 1 giot dung dich 'CoCiz, thém 2 giot nude, 4 giot dung
dich NH,SCN. Thém tiing giot axeton, lic d&u dung dich. D&
¥ sy bién ddi mau dung dich.

5. Phan ung vdi (NH,),[Hg(SCN),]

Ldy 1 giot dung dich CoCl, vao 15 tdm sd, thém 2 giot thude
thii. Ding dda thdy tinh ¢¢ nhe.

Thém 1 giot ZnCl,. Tron déu. DE ¥ su thay d6i mau két tua.
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VI - HUONG DAN PHAN TiCH HON HOP CAC CATION
NHOM V

1. Huéng dan chung
a) Cde cation nhém V dugc tdach khoi cdc cation khac (tri
nhém [I, 111} bing cach chuyén sang phitc amin.

b) Tach Hg®* ra khédi cdc cation nhém V bang tiac dung cla
Na,S du (chuyén thanh phdc sunfua tan).

¢} Phitc chdt cia Cd** véi xianua kém bén nhét so voi cde
phic xianua khéc cia nhém V. Cé thé ding KCN dé& che ching
khi tim Cd** bang Na,S.

d) D9 tan cia CuS bé hon so v&i d6 tan caa NiS, CdS, CoS,
vl vy cd thé diung axit ¢ néng do thich hop d€ tach ching.

2. So d6 phan tich (xem so db trang 123)

3. Quy trinh phan tich
a) Thch ng"' ra khoi cée cation khdc cda nhém V

Ldy 3 giot dung dich phan tich. Thém titng giot dung dich
NH; 2M dén dye, 1ic khong m4t.

Thém dung dich Na,5 cho dén du (d6 5 giot). Dun nong
cach thiy. Li t4m, tdch dung dich 1 chia ion HgS%_ ra khoi
két tia 1 cda cdc sunfua khdc cha nhém V.

b} Phén tick dung dich 1

- Ly 1 giot dung dich 1; thém 2 giot HCl 2M (dén phén
ing axit).

Néu c6 Hg?* s& c6 két tua den HgS.

HgS%‘ + 2H* — HgS | + HS 1t
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So d6 phan tich hé théng hén hgp cdc cation nhém V.

DI} nhém V
+ NH; dén duc
+ Na,S du
dun néng
I |
Hg8s™ CdS , CuS, Ni8, Co8
+ +HCl1:1
HC1 £
| l l ]
HgS bd  Ni%*, Co%, Cca% Cu$, (CdS)
+ (HC : : ,

+ +NaAx ~ +NH, +NH, +HNO,2M

HNO)  +HDim  +NHSCN dén kiém + NaNO,

o © Ni(Dim), +axeton +KCN £
] ! _

+H,0 +Cu | do Co(SCN)Z~ + Na,8  + NH, dac
+8nCl, Hg(Cu) xanh {CdS  Cu(NHyZ*
{ Hg2012 (xdm sang) vang xanh dam
trang + HCI dice
hoac | Hg(den) + ZnCl, 1%
+ (NH,),[Hg(SCN),)
{ CuZn[Hg(SCN),],
tim den.

Khi khéng ¢é Hg vin cd th€ ¢d két tia trdng nhat cia luu
huynh. '

ST +2H' = HS +8 |

123
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Dun céach thiy, li tim bdé dung dich 2 va 148y két tda 2 cda
HgS. Hoa tan két tia 2 trong vai giot nudc cudng toan (3 giot
HCl dac + 1 giot HNO3 dac).

3HgS| +8H" +2NO; +12C1” — 3HgCl,? +38} +2NO1{ + 4H,0

Dun ndng dung dich d€ dubi axit du. Pha loang biang mdt
thé tich nuéc cdt. Tim Hg?' bang phan idng voi SnCl, hoac
vai Cu.

c¢) Hoa tan két tia 1

Ria ngay két tha 1 v6i nudc cdt. Thém do 5 giot HCl 6M
{1 : 1). Dun séi.

Li tam tich dung dich 3 (chda Ni%*, Co?*, Cd%*) vai két
tia 3 chda CuS (cé thé c6 mdt phdn CdS).
d) PhGn tich két tia 3, tim Cu

Hoa tan két tia 3 trong vai giot HNO, 2M khi dun ndng,
cé thém 1 giot NaNOQO,.

Thém NH, dac (d6 vai giot) dén cd mii. Khi ¢ Cu®* s cd
dung dich xanh thdm cia phic Cu(NHS)iJ'. Céng c6 thé tim

u?* bing phan dng véi (NH,),[Hg(SCN),] khi c¢é ZnCl, 1% :

Lay 1 giot dung dich, thém 1 glot HCl dac, 1 giot ZnCl 1%,

2 giot (NH4)2[Hg(SCN) 1. N&u c6 Cu?* thi sau 1 phit sé 6 ket
tia tim nhat hodc tim thim hoic den.

e} Phan tich dung dich 3
- Tim Ni’* : Loy 1 giot dung dich 3, thém v&l giot dung

dich NaCH,COO, 1 giot dimetylglioxim, khi cd Ni%* sé cé dung
dich mau d4é hoac ké&t tia dé.

- Tim Co?* : Ly 1 giot dung dich 3, thém 1 giot NH, dac,
4 giot dung dich NH,SCN, vai giot axeton. C6 mau zanh cia
phitc Co(SCN);~ khi cé coban.

- Tim Cd®* : Ldy 1 giot dung dich 3, thém timg giot NH,
dac dé&n ¢ mui. Thém 2 giot dung dich KCN, 1 giot dung dich

Na,5. Néu khoéng cd két tda vang CdS xudt hign ma lai cd két
tia den thi phai lap lai thi nghiém va diung du thém KCN.
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CAU HOI VA BAI TAP

1. Néu dac tinh gquan trgng nhit cda cic cation nhom V.

2. Nhd chim dung dich NH,; v&o cic dung dich sau cho
dén du

a) NiCl, , b) CoCl, , ¢) CuS0, , d) HgCl,,

e) Cd(Cl0,),.

Cé hién tugng gi xiy ra ? Viét phuong trinh phan dng.

3. Cho dung dich NaOH vao cdc dung dich trén cho d&n du
r6i dun ndng. C6 hién tuyng gi xiy ra ?

4. a) Cho dung dich NaOH du vao dung dich CoCl,. Thém
vai giot H,0,. Dun ndng. Cd hién tugng gl xay ra ?

b) Co nhilng phuong phdp gi cd thé dung dé hda tan k&t
tia thu duge ? Viét phuong trinh phan dng.

8. Cho tung giot dung dich NH, vao dung dich CoCl, ého
dén du. Thém 2 giot H,0, C6 hién tugng gi xiy ra ?

6. Néu r6 mau sic, tinh tan trong nude, trong HCI, trong
HNO, cia cdc sunfua nhém V.

7. Vigt phuong trinh phan dng hda tan CuS trong H,SO,
loang khi ¢é H,0,.

8. Thém NaOH du vao dung dich CuS80,. Théem NH,NO, cho
dén du. C¢ hién tuong gi xdy ra ? Viét phuong trinh phin ing.

9. Cho H,S véo dung dich HgCl,. Ldy k&t tda thu dugc, ria
sach r6i cho tdc dung v6i dung dich Na,S du. Cho ting giot
dung dich HC} vao hdn hgp thu duge. Cd gi x3y ra ?

10. Néu r5 didu kién phan dng giita Ni®* va dimetylglioxim.
11. Néu ro diéu kién phan ing giita Co®* va NH,SCN.

12.'Nho ting giot dung dich 5nCl, vado dung dich Hg(NO,),
cho d&én du. Cé gi x4y ra ? Néu lam thi nghiém theo thd tu
ngugce lai thi ¢d hién tugng gi ?
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13. Cho dung dich KCN du vao dung dich chia Co?*, Cd?",
trong NH,; du. Thém vai giot Na,8. Cd gi xdy ra ? Viét phuong
trinh phan dng .

14. Lap so db phan tich cidc ion trong cédc hén hogp sau :
a) Cu?t, Cd?%, Ni¢ ;

b) Cd?*, Co®*, Ni%" ;

c) Hg2+, COZ+, Ccd .

d) Cu®, Cd*, Ni**, NH, du.

15. Hay tim cach nhén ra Co?* va Ni?* trong cac hén hgp sau :
a) Co®*, Fe* AP .

b) Ni2*, Fe?*, Zn?* ;

c) Co®t, Ag',

16. Hay tim cdch phat hién cic cation nhém V trong hén
hgp cita ching ma khéng cin tdch.

17. Hay tim cac cach phan bidt cdc hda chét sau :
a) AICL, ; Cd(NO,), ; AgNO, ; BaCl,

b) CdSO, ; Hg(NO,), ; Pb(NO,), ; BaCl,

¢) ZnCl, ; Al(NO,), ; Pb(NO,),

d) CdSO, ; AgNO,; ; CaCl, ; Ba(NO,),

Duge ding thém mot thuée tha.

18. Hay nhén bist cac ion trong céde hén hop sau :
a) Baz+’ an", Ag*, Pb2+

b) Cd?*, Ca?*, AI*, Zn%*

c) Cu2+, Cr3+, Ni2+, Ph2+

d) Hg?*, Cd%*, Co?*, AI*, Zn?*.
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Chuong 8

CAC CATION TAO HIDROXIT iT TAN TRONG
KIEM DU VA TRONG DUNG DICH AMONIAC

(NHOM CATION V1)
- Fe*, Fe®', Mg?t, mn?", BRT(TIY, 27V, u0Z*, Th*Y, v.v..)

§8.1. TINH CHAT CHUNG
CUA CAC CATION NHOM VI

I - SAT

Fe = 55,8 ; (Ar) 3d® 4s?
I-1. Tinh chét chung

S&t cd céic trang thai oxi héa 0, II, III, VI.

Quan trong nhdt la Fe(I) va Fe(IIl). Sit (ID) co tinh ch4t
tuong ty Mn(Il), Zn(ID), Ni(II} va Co(II).

1. Tinh ch&t axit - bazo

a) Dung dich Fe?* xanh nhat, c6 phan tng axit yéu (pH cia
dung dich 0,01M vao khodng 4).

Fe’* + H,0 = FeOH" + H* - 5,92
Dung dich Fe** (dung dich muéi nitrat hoac peclorat) khéng
mau hoac hai tim. Dung dich Fe(III) trong HCI va H,SO
mau hoi vang cla cdc phic chit tuong dng.

Dung dich Fe* ¢¢ phan ing axit manh hon (pH cua dung
dich 0,01M vao khoing 1,9).

Fe'* + H,0 = FeOH?* + H* - 2,17.
b) Khi kiém hda dung dich Fe?* thi bit ddu t¥ pH =~ 6,6
¢ két tha trdng Fe(OH), (ti dung dich Fe?* 0,01M). K&t tta
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nay bi oxi héa nhanh trong khéng khi, chuyén thanh hén hgp
hidroxit fero-feric Fe,(OH); mau xanh ve hoac Fe,(OH),, mau
den va cubi cung 14 Fe(OlH), mau d6 nau.

Két taa Fe(OH), tach ra tif dung dich Fe*" 0,01M & pH = 2.
Tuy vay, k&t tda van cd thé t8n tai 4 trang thdi keo trong
dung dich trung tinh.

¢) Thyc ra Fe(OH), va ca Fe(OH), cing tan rdt it trong
kiém du :

Fe(OH),| + OH™ == Fe(OH);
Fe(OH),} + 20H™ = Fe(OH)2”
Fe(OH),| + OH™ = FeO, + 2H,0

d) Fe(OH), tan mét phén trong dung dich NH,CL Chéng
han, trong NH,CI 1M, do tan cia Fe(OH), 12 9,4 . 107> M.

Fe(OH), | + 2NH, = Fe’* + 2NH, + 2H0 - 5,48
1-25 S 28
@sy*. S

=107% 5 =94. 103M
(1-28y
Tuy véy, khéng khi oxi hda nhanh Fe(OH), thanh Fe(OH),,
vi vay k&t tha thuc t€ khong tan trong NH,Cl. Cing vay, khi
cho hén hop NH,Cl + NH, vao dung dich Fe” thi méi d4u két

tia xudt hién rﬂt chim va cubi cung ta vAn duge két tia keo
Fe(OH),.

2. Tinh chét tao phic

a) Cac phiic cla Fe?* voi clorua, sunfat, thiosunfat, thioxianat
it bén. Ciac phdc oxalat, axetat, tatrat, sunfoxalixilat tuong déi
bén. Cic phdc rdt bén vdi xianua Fe(CN); (g8 = 24), voi

EDTA (g8 = 14,33), dimetylglioxim Fe(Dim), (Ig8, = 7,25),
o—phenantrolin (Ig;;ﬂ1 = 5,86 ; 1g6, = 11,11 ; g8, = 20,14). Cac
phdc chidt vdi a, a' - dlplrldm, a- nltrozo B - naphtol natri
dietyldithiocacbamat déu bén.
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b) Cac phic ch&t cia Fe* nhiéu hon va bén hon cdc phac
chdt tuong ung cha Fe®'.

Céc phic véi clorua mau vang chanh, phie véi sunfat mau
vang, cdc phic v6i bromua, nitrat, iodua it bén.

Cac phidc tuong ddi bén : phic v6i thioxianat Fe(SCNy! ~*
(1g8,_s = 3,03 ; 4,97 ; 6,37 ; 7,17 ; 7,19), phic v6i axetat,
tatrat, sunfoxalixilat tuong d6i bén.

Cac phic véi florua FeF, (n = 1 - 6) (Igf,_; = 5,28 ; 9,30 ;
12,06), EDTA (g8 = 24,2), HPOﬁ_ (g8 = 9,4), CN (lg8, = 42)

la cac phic khd bén. Phdc véi florua bén, khéng mau, thudng
duge dung d€ che Fe** khi nd can tré quy trinh phan tich cée
ion khac.

3. Tinh chét oxi hdéa - khw

a) Fe cd tinh khd manh

Fe®* + 2e ==Fe ERotp, = —0,44V

Fe tan dugc trong céc axit loang, khi duge nhidu ion kim
loai thanh kim loai tuong ting (Ag, Sb, Pb, V.V,

Trong dung dich kidm, khi dun ndng Fe khi dugc ion Ht
cia H,O tgo thanh H, va cdc san ph&m chinh 12 Fe,0, hodc
(FeO,),Fe mau den.

b) Fe* +e =Fe?* ERa+pat = 0,17V

Trong moi trudng axit Fe’' cd tinh oxi hda va Fe®* cd
tinh khu.

Fe** cd th€ oxi hda duge nhidu chdt khd (H,5, I, Sn?*,
S0, 8,057, v.v..).

Fe?t c6 thé’ khit duge nhiédu chdt oxi hda (MnO;,CrZO?!_,
NO; , 0, vv..).

Khi ¢6 céc chdt tao phic manh vai Fe>* thi th& giam xubng
va tinh khi cta Fe?* tang lén, tinh oxi héa cia Fe** giam di.
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Chéng han, trong dung dich H,PO, 1,7M & pH = 0, thé thuc cua
cap Fe*t/Felt gidm xudng chi con 0,52V (do tao phic photphat),
Trong méi trudng kiém, do dd tan cha Fe(OH), bé hon do

tan cta Fe(OH), nén thé€ oxi hda~khit cta cap 1"13'(01-1)3/Fe(0H}2
cling gidm han xuéng :

Fe(OH), . = Fe’* + 30H" .37

Fe?* +e = Fe®* 0,77/0,059 -

Fe!™ + 20H" = Fe(OH), | 15

Fe(OH), | + e = Fe(OH), | + OH~ gk = - 8,95
hay E® = ~ 0,52V

Vi vay trong méi trudng trung tinh hoac kiém yé&u Fe(Il)
khit 1, chd khéng phai Fe(III) oxi hda' I~ nhu trong mdi trudng
axit. Ton NO; ¢ thé bj khi thanh NH. Hidroxit Fe(OH), bj

O2 khong khi oxi hda nhanh, né khi dwge nhidu ion kim loai
(Ag', Bi**, Hg?', Sb(Ill), As(IID)) thanh kim loai tuong dng.

c) Fe(VI) tén tai trong dung dich kiém manh & trang thai
ion ferat FeO~. NG ¢6 tinh oxi héa manh nén khéng bén :

Egcoi_fFe” = 2,2V ¢ pH = 0 va bang 0,71V trong dung dich
kiém manh. Trong phan tich it gap ion FeOﬁ_.

4. Hogp chdt it tan

a) Cac mudi fero it tan : FeC,0,, FeCO,, FeCrQ,, FeS, oxinat
Fe(oxin)z, v.v...

FeS mau den, tan trong HCI va& ngay ca trong CH,COOH,
vi du trong CH,COOH 1M d6 tan cia FeS 12 § ~ 1,3. 102 M,

FeS | +2CH;COOH =Fe¢’" + 2CH,C00” + H,8 { - 6,9
c 1
[] 1-8 S 28 S
tinhra § = 1,3 . 1072M.
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Vi vay khi cho H,S 1¢i qua dung dich Fe?' trong moi trudng
axit thi khong cd két taa xudt hién. Chang han, khi bdo hda
dung dich Fe?* 0,01M & pH = 2 bang H,S thi

[52—] = 10—19,92 0,1. (102)2 107 16,92
tich 6 ion Cpat . Cg = 1072.107%69% = 1071892 < K o (107179
vi vy khéng cd két tia FeS.

Sat (II) ferixianua Fe,;[Fe(CN)(], it tan, cé mau xanh thim
dac trung.

b) Céc hop chit it tan cta Fe(III) déu kho tan hon cac hgp
chit tuong dng caa Fe(Il).

Cac anion bazd (CO%h, B40.2,d,‘..) tao k&t tua hidroxit.
Fe4[Fe(CN)6]3(—40,5) mau xanh dam (xanh phé), v.v..

Sunfua Fe,S, (-88) mau den chi bén trong dung dich kiém.
- Trong dung dich axit, két tia tan tao thanh ion Fe?*

Fe, S, | = 2Fe** + 3877
2Fe** + 2¢ = 2Fe’
3 x| 827 +2H" =H}S

H,S =S + 2H" + 2

Fe,S, | + 4H' =2F" + 5 | + 2H,S1
Néu méi trudng khbng qua axit thi duge hén hop FeS + S.
Khi cho H,S 16i qua dung dich Fe™* thi chi xay ra hién tuong
khi Fe*' thanh Fe®*
2Pt + H,S = 2Fe?* + § + 2H* IgK = 20,3

Phan ing coi nhu xay ra hoan toan lam gial phdng ra ion .
Chang han, néu cho H,8 di qua dung dich Fe** 0,01M thi ndng
d6 H* giai phdng ra se la 102 M va theo nhu tinh toan & trén
thi khéng cd FeS xuét hién,

131



I-2. Phan Gng phat hién s4t
1. Felt
a) Tée dung ciia kali ferixianua K3[Fe(CN)6]

Ion Fe(CN)g_ tdc dung véi fon Fe?* tao duge két tua xanh

dédc trung Fe_,‘[Fe(CN‘S)]2 (xanh tudc bun). Thudc thi khéng tao
két tia véi ion Fe’t.

Phai tién hanh phan Ung & pH < 7. Phai tranh sy cd mat
cdc chdt oxi hda cd th€ oxi hda Fe** thanh Fed' va cdc chit

khit duge Fe(CN);™ thanh Fe(CN)!~.
b) Tac dung cia dimetyiglioxim HDim

HDim tao véi ion Fe?* trong dung dich dém NH, + NH,Cl
phic chit mau d6, nhat ddn trong khong khi.

Do nhay 5. 1075 ion-gfi.

Chiz y : - Khi c6 Fe* thl s6 cd két tia nau Fe(OH), c6 thé
kéo theo Fe?* duei dang Fe;O,. Cin phai che Fe* bing NaF
hojc axit tatric. '

- Ien Ni** ciing cho phan ¥ng tuong ty. Cdn phai che NiZ
bing KCN du.

- Ion Cu®** cho phitc chat Cu(NHs)i"' mau xanh gy cin trg
phan tdng. Cs thé che bang KCN.

- Ion Mn?** két tua dusi dang hidroxit va bi oxi hda thanh
MnO(OH), mau nau, ion Co?* tao phic Co(NH,)2* va bi oxi

héa thanh Co(NH,;)?" mau héng can trd phan ing.
¢) Tac dung ciia o-phenantrolin (A) hoge a, a’'-dipiridin (B)

2%y .

N N N N
Ca 2 tao duge phitc mau dé vai Fe2t Fe].%+ (L = phéi td).
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Trong dung dich nuée (pH = 3 - 9)

Esognm = 1,1 - 10* (phic Fe(Phen);")

Esyonm = 8:65 . 10° (phic Fe(Dipi);")
Phan dng kha dac trung.

Céc ion ¢6 mau can tré phan ¥ng néu néng d6 cia ching
lén. Khi pha loang dung dich va diung lugng thufc thi ting lén
thi & loai trit duge cdc 4nh hudng can tré nay.

2. Fe¥t
a) Tee dung véi kali feroxianua K4[Fe(CN)6]

Ton Fe(CN)g' tic dung véi ion Fe?t tao duge k&t tia xanh
dam Fe,[Fe(CN).], (thudng goi la xanh phd).

Ché y : - Phai thuc hién phan tng & pH < 7.

- Lugng du thuSc thi tac thanh dung dich keo.

- Cac chdt oxi hda manh oxi hda Fe(CN){™ thanh Fe(CN)}™.
Cac ch&t khit manh khit Fe* thanh Fe?*.

b) Thc dung ciic KSCN

Ion SCN™ tic dung v6i ion Fe®* trong moi trudng axit tao
thanh phic mau dé. Thanh phdn phitc chét thay déi tuy theo néng

do ion SCN™ : FeSCN?*, Fe(SCN); , Fe(SCN),, Fe(SCN)™, v.v...

Phic Fe(SCN), tan nhiéu trong cdc dung moéi hitu co (ete, rugu
amylic, v.v...).

Do nhay 5.107° jon-g/l.

Chit ¥ : - Phai thuc hién phan dng trong moéi trudng axit,
vi ngay & pH = 2 da cd két tia Fe(OH), lam pha huy phuc.

- Khi cd cac chit oxi hda cdn cho du thudc thd vi mét phén
ion SCN~ bi oxi hda.

- Cac ion CI7, SO vé6i ndng d¢ cao s¢ lam gidm d6 nhay
ciia phan Ung vi ching cing tao phic vdi Fe3'.
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- Khi c6 cdc cation tao phuc v6i SCN™, vi du Hg?*, thi phai
dung du thudc thi.

- Céc ion c¢d mau can trd phan ng. Khi ¢é nhiéu Cu?* thi
nén thém vai giot HSO; d& khu Cu?* thanh Cu(I). Nhung sau
dé phai thém ete d€ chigt Fe(SCN)s, néu khéng ndé sé& bi
HSO; lam mé&t mau cham.

" Chi ¥ ring ion SCN™ tao duge phic mau khéng chi véi Fe¥*
ma con vai Co®* (xanh), Bi** (vang) va Cu®* (nau).

II - MAGIE

Mg = 24,31 ; (Ne) 3s2

Magie ndm trong phian nhém chinh nhém II bang tusn hoan,
tinh ch4t gdn giéng Be va Zn, chi cd mot trang thai oxi hda
duy nhat 13 Mg?*.

II-1. Tinh ch&t chung

1. Tinh chat axit - bazo

Dung dich nuéc ctia ion Mg?* khéng mau, cd phan ung géin
nhu trung tinh

M¢?* + H,0 = MgOH* + H* IgK = -12,8
pH cia dung djch 0,01M vao khoang 7.
Magie hidroxit it tan trong nudc (IgKk = -11)

pH b4t ddu k&t tha Mg(OH), tit dung dich OOIM la 10 va
pH két tia hoan toén la 12,5.

Mg(OH), tan duz_Jc trong dung dich mudi amoni :
Mg(OH), | + 2NH; =Mg*" + 2NH, + 2H,0 IgK = -1,48

Hén hgp NH, + NH,Cl cing néng do (pH = 9,24) khong
lam két ttta duge Mg(OH), tit dung dich 0,01M, vi l4c d6

2 = 1071152 -11
Coy~ - Cymg* = 10 < Ks(Mg(OH)z) (1? ).
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Vi vay khi thém NH, vao dung dich axit cta cadc cation
nhém V, VI thi ion Mg?* s& & lai dung dich cung vo6i cdc cation
nhém V.

2. Tinh chft tao phic

Cac phdc chédt cia ion Mg®* thudng rdt it bén : phic vi
sunfat, florua, axetat, clorua, amoniac, v.v...

Mot s6 phic tuong d6i bén : MgP,0%~ (g8 = 7,2) ; MgC,0,
(3,43). Phiic voi EDTA (Ig8 = 8,69) voi Eriocrom den T (1g8 = 7)
dugc dng dung trong phan tich chudn do xéc dinh néng do
ion Mg2+.

3. Tinh chét oxi héa - khi

Mg?* + 2 =Mg Eyitvg = 287V

Magie c6 tinh khit cuc manh. N6 khi chdm ion H* clia nuée
(khi danh sach 18p oxit trén b& mat kim loai). Mg tan trong
cac axit. N6 khit dugc phén lén cdc ion kim loai thanh kim
loai tuong tdng (Sb, Sn, Cd, As, v.v..).

4. Hgp chét it tan

M6t s6 muéi it tan cta magie : asenat, oxalat, cachonat,
florua, photphat Mg,(PO,),, MgNH,PO,, oxinat Mg(C,HNO),.

Khi thém cham mudi kiém clha chc axit yéu nhu sunfua,
cacbonat, borat, silicat, v.v... vao dung dich Mg2+ thi cd két tda
Mg(OH), xuét hign (khi dat t&i tich s6 tan ctia hidroxit).

Chang han, khi thém Na,$ vio dung dich Mg?

2| 827 + H,0 =HS™ + OH~ 2(-1,08)
Mg?t + 20H™ =Mg(OH), 11
282" + 2H,0 + Mg?" =Mg(OH), § + 2HS™ 1gK = 8,84

Khi thém du thubc thit thl c6 thé xusit hien mudi it tan va
trong thuc t& thudng thu duge hén hgp hidroxit v4 mudi it tan
cla magie (nhu trudng hgp cacbonat, oxalat, v.v..).
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III-2. Phan dng phat hién jon Mgt

Phdn ung véi Na,HPO, Khi c¢ NH, thi Na,HPO, tao dugc
vdi ion Mg™ k&t tia tring, tinh thé MgNH,PO,

Mg** + NH, + HPOZ™ = MgNH, PO, |
Chi y :
— Phan dng phai thyc hién trong dung dich cd pH > 7. Cén
phén biét két tia tinh thé MgNH, PO, v6i k&t tia tring vo
dinh hinh cia Mg(OH),. Viéc thém NH,Cl 1a cén thiét de

ngan sy tao thanh k&t tha hidroxit. Tuy véy, khi cho qui du
NH,C] thi két tia MgNH,PO, s& tan mot phéin do tao phuc

MgCL hoac MgCE™.

— Viéc dun nong lén 75 - 100°C lam cho k&t téa tinh thé
dé tao thanh.

~ Khi ham lugng Mg?* bé thi c6 thé tao thanh dung dich qué
béo hoa. C4n phai dung dia thiy tinh co nhe & thanh dng nghiém.

- Ton Li* va céc cation khéc (trif céc cation kim loai kiém)
phai duge tach trude vl ching tac thanh photphat khd tan.
Trong truong hop nay ngudi ta thém vai hat Zn vao dung dich.
Dun soi. Li tdm, tdch bd k&t tda céc kim loai (Pb, Bi, Cu, Ag,
Sb, Sr, Cd) bdm trén Zn. Thém H,80, vao dung dich réi li tam
d€ tach bd két tta sunfat cac cation nhém II. Thém dung dich
NH,, (NH,),CO; va (NH,),C,0,, vai giot H,0,. Dun s6i. Li tam
téch bd két tia cdc hidroxit sit, nhém, crom, céc cacbonat,
canxi oxalat, MnO(OH),. Trong dung dich chi con lai ion Mg,
Ni**, Cd** (trong dung dich nitrat). Them N&,HPO, va NH,
vao dung dich d€ tim ion Mg?*.

III -~ MANGAN
Mn = 54,938 ; (Ar)3d°4s2

III-1. Tinh chét chung

Mangan n&m trong phan nhém phu nhém VII cta bang tudn
hoan, nd cd cdc trang thai oxi héa tir I 'dén VIL
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Mn(l) chi tén tai & dang phidc rén K [Mn(CN),]. .

Cdc trang thai oxi héa bén : Mn?, MnO, ; MO~ chi bén

trong moi trudng kiém. Mn(OH), bi oxi héa nhanh trong khéng
khi tao thanh MnO(OH),. Mn(III) khong tén tai du6i dang ion
Mn?* trong dung dich. N¢ chi tén tai duéi dang phic chét (véi
oxalat, photphat, clorua, florua, v.v...).

Mn(IV) ciing khong tén tai & trang thdi cation Mn* trong
dung dijch. N6 ¢é mat dudi dang cdc ion phidc (véi clorua,
florua, v.v...).

1. Tinh ch&t axit - bazo

a) Dung dich nu&c cha ion Mn
ing axit y&u :

Mo?" + H,0 = MnOH" + H* IgK = -10,6

2 mau héng nhat, ¢é phan

Dung dich Mn%* 0,01M c6 pH = 6.

Khi kiém hda dung dich Mn*" thi c6 ket tia tring Mn(OH),
tach ra & pH > 88 (¥ dung dich Mn%* 0,01M)

Mn®* + 20H = Mn(OH), |

Cing giéng Mg(OH),, két tia tan dé trong cic axit loang va
‘mudi amoni :

Mn(OH), { ==Mn2* + 20H" -9,6
2 | NHy =NH, + H* -9,24
2 | H* + OH™ =H,0 14

Mn(OH), { + 2NH; =Mn?" + 2NH, + 2H,0 1gK = 0,08
)2 4 2

Mangan hidroxit tan mét it trong kiém du do tao thanh phudc
hidroxo :
Mn(OH), | + OH™ = Mn(OH);
b} Tuy vay, Mn(OH), dé bi oxi héa trong khéng khi tao thanh

MnO(OH), bay H,MnO, mau nau rgt {t tan trong nuéc, kho
tan trong cédc axit. Vi vay néu ding hén hop NH,; + NH,C] d&
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ngan ngia sy xudt hién két tua Mn(OH}, thi khéng thanh céng
vi mot lugng it Mn(OH), xudt hi¢n lic déu chuyén din sang
MnO(OH), 1am cho can bing tao két tua Mn(OH), chuyé&n hoan
toan sang phai. '

¢) Axit pemanganic HMnO, 1a axit rdt manh, tuong tu HCIO,.
2. Tinh chét tao phidc

a) Mn?* tao dugc cdc phic chét it bén vdi axetat, thioxianat,
amoniae, oxalat, sunfat, v.v...

Phtc chit twong d6i bén voi EDTA MnY> (gf = 14) véi
a, a' — dipiridin, o — phenantrolin, hdp thu cht y&u trong ving
anh sdng td ngoai.

b) Mn(III) tén tai chd y&u & cdc dang phdc bén, thudng cd
mau dac trung : phic cloro MnCl®* nau den, phic photphat

MnHPOI mau tim, phdc sunfat d6 thdm, Mn(CN);" d6 tham,
phic oxalat Mn(C,0,)_ (o =1 - 3, Ig8, = 10 ; 16,6 ; 19.5)
dé den, MnF:™ dé thdm, Mn(CH, COO),; dé thim.

¢) Mn(IV) tén tai & dang phidc rét bén : Mn(CN)g_,MnC]%_
(d6 thim) va Man_ mau vang.

3. Tinh chft oxi héa - khu

a) Mn cd tinh kh& manh Ey, 2+, = -1,18/. Né khu dugc
H,O va tan dé trong céc axit.

b) Mn(IIll) ed tinh oxi hda manh E&nﬂl{Mnﬂ = 1,5V. Th& phu

thude ban chit cdc axit ¢d mit. Trong dung dich CN, Mn(IIl)
mat hin tinh oxi hda manh do chuyén sang phic véi xianua
bén hon phdc tuong dng cla ion Mn?* :

EI?/!n(CN):_er(CN):_ = 029

¢) Mn(IV) ¢d tinh oxi hda tuang d6i manh :
MnO, | + 4H" + Ze=Mn*" + 2H,0

Ecr:inosznzf = 1,23V
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Thé& phu thufc néng dé va ban chit clia cac axit cd mat.
Trong dung dich HCl 6N, E® = 1,47V, vi vay MnO, oxi hda
duge C17. Do d6 ta hi€u tai sao két tha MnO(OH) hay MnO ,(H, Q)
khéng tan trong HNO,, H,80, nhung lai tan de trong HCI d:ic

MnO(OH), + 2CI” + 4H" — Mn®* + CL, 1 + 3H,0
MnO, ciing oxi hda duge H,0, trong msi trudng axit :
MnO, | + 4H" + 2 ==Mn** + 2H,0 (2. 1,23)/0,059

H,0, =0, + 2H" + 2e - 2.0,68/0,059

MnO, | + H,0, + 2H" =Mn?* + 0,1 + 2H,0 lgK = 18,64

vi vay két taa MnO(OH), khéng tan trong HNO, nhung lai tan
duge trong HNO, khi cd H,0,. :

Mn?* ¢6 thé bi oxi hda thanh MnO, béi nhiéu chdt oxi hda
manh nhu HNO, dac, MnrO,

Phan dng oxi hda Mn?* bdi MnO, cé th€ xay ra khi dun
noéng trong dung dich trung tinh hay axit y&u :

2| MnO; + 4H" + 3e = MnO, | +2H,0

3 | Mn** + 2H,0 = MnO, | +4H" + 2

2MnO, + 3Mn** + 2H,0 = 5MnO, + 4H" 1gK = 47
hoéc trong dung dich bazo yé&u :
2MnO; + 3Mn®*" + 40H™ — 5Mn0O, | + 2H,0

Trong dung dich kiém Mn(OH), bi oxi hda trong khong khi,
dac biet nhanh khi ¢ H,0,, 8,037, Cl07, v.v...

278
Mn(OH), | + H,0 =MnO(OH), | + 2H* + 2¢
H,0, + 2 =20H"

20H +2H'  =2H,0
Mn(OID), | + H,0, ==MnO(OH), | + IO
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Thyc ra, ngodi MnO(OH), cd thé con cd Mn,0,, Mn,0,
hidrat hda.

d) Mn(VD) MnO2~ cd tinh oxi hdéa trong méi trudng kiém :

MnO}” + 2H,0 + 2¢ =MnO, | +40H Ey o~yno = 0,51V

e) Mn(VII) thé hién tinh oxi héa réit manh trong méi
truding axit :
MnO +8H' +5e =Mn™ +4H,0  Epq-p2+ = 151V
Trong méi trudng axit manh, MoO, bi khit thanh Mn?*. N¢
oxi héa dugc CI' (thanh Cl), Fe**, Sn**, C,02” (thanh CO,)
khi dun ndng, I, H,0,, 87, As(II), v.v... |
Khi pH tang thi khd ning oxi héa gidm, chi cd cac chat khu
rdt manh méi khit dugec MnO; thanh Mn2* trong méi trudng

axit yéu, trung tinh hodc kiém. Cdn trong da s6 trudng hop né
chi bj khu thanh MnO,.

MnO, + 4H" + 8¢ =Mn0, { + 2H,0 E° = 1,695V,
MnO, +2H,0 + 3e ==MnO, | +40H" E(h)an,,_Mnoz = 0,58V

Khi cd céc ch&t tao phic manh v6i Mn{lII} nhu F~,
HPOZ™ thi MnOj c¢d thé bi khit thanh Mn(IID),

Ion Mn?* ¢ th€ bi oxi héa thanh MnQO, trong méi trudng
axit béi cdc chdt oxi héa rdt manh nhu PbO, khi cd HNQO,,
HBiO;, 10, (khi ndng), S,0; khi cd ion Ag' lam xdc téc va
khi dun néng.

Phan tng
5PbO, | +2Mn®" +4H' = 2MaO, + 5Pb?* + 2H,0 IgK = -9,3
dién ra theo chiéu thuan khi dun ndng va khi tang néng d6
ion H*. _ '

Phan ing nay dugc st dung dé phat hién ion Mn®*. Tuy
vay, cdn luu y ring, mét lugng du di rdt it jon Mn®* sé& khu
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nhanh ion MnQO, thanh MnQ,. Dén lugt MnQO, cang bi PbO,
trong HNO,; oxi hda thanh MnO,.

8PbO, { + 2MnO, + 4" =3Pb™ + 2MnO, + 2H,0 Igk = 24,4

Phin dng dién ra thuan loi khi dun néng va khi ting néng
d¢ ion H'. -

Phan ting khéng bi cin trd bai lugng du MnO,.
4. Hop chdt it tan

CSé nhiéu hgp chdt it tan caa Mn2t - cacbonat, asenat,
photphat, oxalat, feroxianua, sunfua, v.v...

MnS mau héng nhat (mau thit), tuong d6i it tan (1gK, =
9,6). N6 tan dé trong cde axit loang. Khi dun séi trong Na,8
né chuyén thanh 3MnS.H,0 mau luc ; MnNH,PO, c¢ tinh ch4t
gén gi6ng MgNH,PO,.

MnO, tao duge mét s6 hop chét it tan tuong tu ClO,, vi du
CsMnO, (IgK, = -4,1), RbMnO, (-2,6).

III-2. Phan tng phat hién ion Mn2*

1. Oxi héa bing PbO, khi c6 HNO,

Cs the oxi hda Mn® hoac MnO(OH), thanh MnO] trong mo
trudng axit bing hén hop (PbO, + HNO,), (NH,),3,04 khi c6
Ag" xic téc.

Phan dng lam xu4t hién mau héng cia ion MnQ,. B6 nhay
vio khoang 5.107° ion-g/l Mn?*.

Chu y : - Trong dung dich khéng duge cd mat ion CI', khéng
duge cho du ion MnZ*,

~ Mot s6 cation ¢ mau (vi du Co?*, Cu?") lam giam do nhay
clia phan ung.

2. Oxi héa bling Ag(NH,);

Trong moi trudng NH;, fon Ag* oxi héa Mn?* thanh MnO(OH),
mau niu v3 bi khi thanh Ag mau den :
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2Ag(NH,); + Mn?* + 3H,0 =2Ag | + ANH] + MnO(OH), |

Phan tng dugc thuc hién dé dang trén gidy loc. Do nhay
5.10°5 ion-g/l Mn?*. Do nhay tang khi dun ndng. Tuy vay, khi
&y cin lam thi nghiém tréng, vi gifly loc cd thé khil ion Agt
khi dun ndng.

Néu trong dung dich cé mat dong thoi ca Mn?* va Ag" thi
khi nhé NH, vio dung dich s6é cd k&t tua den xuit hién ngay.

IV - BITMUT
Bi = 20 ; (Xe) 6s°6p°

IV-1. Tinh chét chung

Bitmut ndm trong nhém V cia bang hé théng tudn hoan.
N6 cé cdc trang thai oxi hda : 111, IV, V. Cac trang thiai Bi(IV)
va Bi(V) chi t6n tai & dang hop ch&t khong tan trong nudc.

1. Tinh chft axit - bazo

Jon Bi>* khéng mau, chi t6n tai trong cdc dung dich axit
rt manh (pH < 0). Khi tang pH thi bitmut tén tai trong dung
dich dudi dang cédc ion ngung tu khdc nhau :

Bi* + H,0 =BiOH* +H" -1,58
Bi** + H,0 =BiO' +2H"

2Bi* + 4H,0 =Bi,0{” + 8H'

3Bi* + 2H,0 = Bi,0}" + 4H'

6Bi** + 6H,0 =Bi0¢" + 12H"

¢} pH = 1 - 2 d4 bit dédu xuit hién k&t tda mudi bazo,
vi du :
Bi** + H,0 + CI” =BiOCl | +2H' :
Khi ti€p tuc tang pH sé cd két tua Bi(OH), mau {réng.
Khi dun ndéng coé két tua vang BiOOH, hodc Bi,0, vang nau.
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Trong dung dich kiém dac Bi(OH), tan mot phdn rét it va tao
thanh BiOz_.

2. Tinh chit tao phuc

Ion Bi** tao dugc cac phic tuong d6i it bén vai Cl", Br,
SCN™, v.v.., cdc phiec kha bén vai I Bil, (g8, = 14,95),
Bl (16,80) va Bil}” (18,9) mau da cam ; véi oxalat, xitrat, v.v...

Phic chdt cia Bi* v6i dithizon (chiét dugc trong CHCI,),

v0l oxin, natri dietyldithiocacbamat cing kha bén va cd ing
dung trong phan tich dinh lugng x4c dinh Bi**.

3. Tinh chédt oxi héa - khi
a) Bitmut c6 tinh khd tuong d&i ysu :

Bi** + 3e =Bi | Efa+m = 0,28V
Trong mdi trudmng HCI :

BiOCl | + 2H" + 3e =Bi | + CI” + H,0 EgiOCPBi = 0,16V
Trong dung dich kiém :
Bi,0, + 3H,0 + 6e ==2Bi + 60H" EgizoerBi = 0,41V

Trong dung dich kiém, ion stanit SnO~ khit duge Bi(OH),
thanh Bi :
2Bi(OH), | + 3Sn05" = 2Bi + 38n0%™ + 3H,0
Bi tan dugce trong HNQ,, H,50, diac ndng.

b) Bi{V) c¢6 tinh oxi hda manh. N6 oxi hda duge nhiéu chat
trong méi-trudng axit khi nguséi, v du oxi héa duge Sn?* thanh
$n**, Mn?" thanh MnO;

HBIiO, + 5H' + 2¢ == Bi** + 3H,0

¢pH = 0 E&BiOﬂi3+ = 1,7V
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4. Hop chét it tan

C6 nhiéu hop chét it tan cia bitmut : BiOCl, BiONO,, BiOBr;
BiOI (mau da cam) ; Bil; den ; BiPO, mau trang ; Bi,5; mau
den (1gK_ = -97) ; cde cromat, dicromat mau da cam ; oxalat ;
iodat, v.v...

IV-2. Phan dng phdt hién bitmut

Khit thanh Bi bdng stanit :

Trong méi truong kiém, stanit Sn05~ khit duge Bi(IID) tao
thanh Bi kim loai mau den. D6 nhay : 5.107% ion—g/l Bi3*.

Chié y : - Khi dun ndng cd th§ xudt hién két tia SnO
mau niu

Sn02™ + 2H,0 =H,8$n0, + 20H"
H,3n0, =5n0 + H,O (khi khong du NaOH)
ciing o6 th€ xufit hién phan dng tu oxi hda - khir clia stanit
2Sn02” + H,0 —Sn0” + Sn | + 20H"
- Hg?* ciing cho phan dng tuong tu.

- Pb?* ciing bi khit cham. Tuy vay trong dung dich bao hoa
PbCl, thi két tta chi xuft hién sau 10 - 15 phit.

- Ag* cho phan dng tuong tu. Fe2* cing khi cham Bi®*.
Cén oxi hda truéc bang H,0,. Lugng du H,0, duge dudi bang
cdch dun s8i ki dung dich.

~ Lugng 16n cac hidroxit kim logi cd mau sé can trd phan ding.

§8.2. HUONG DAN THUC HANH

1 - PHAN UNG CUA ION Fe?*

1. Quan sat mau dung dich mudi Fe(dl).
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2. Tinh chit cua sat (II) hidroxit

a) Liy 2 giot dung dich mudi Fe?*’ (FeSO, hoac FeCl,, goi
tat la dung dich Fe**) thém 2 giot dung dich NaOH 2M. Quan
sat mau két tia ngay khi k8t tua moi tach ra.

Thém tiép 2 giot NaOH nita. K&t tda e¢d tan khong ? Lac
déu hén hop trong khong khi. Quan sat sy thay d6i mau cua
két tha.

b) Liy 1 giot dung dich Fe?*, thém 1 giot dung dich NaOH
2M. D€ y mau k&t téa. Thém ngay 1 giot H,0,. Quan sat hién
tugng. Gidi thich.

c) Ldy 1 giot dung dich Fe2+ thém tiép ting giot dung dich
NH, 2M. Lic déu. K&t tia cd tan trong NH, du khong ?

d) L&y 1 giot dung dich Fe?*, tham 2 giot dung dich NH,Cl 2M.

Thém 1 giot dung dich NH, 2M. Quan sat hién tugng. Lic
déu dung dich. Quan sat. Giai thich.

3. Tinh chéit chaa sat (II) sunfua

a) Liy 1 giot dung dich Fe?', thém 1 giot dung dich HCI
2M, thém 1 - 2 giot dung dich bio hda H,5. Cé hién tugng gi
xdy ra ?

~ Thém ti€p 1 - 2 giot dung dich NH, 2M. C6 gi x4y ra ?

b) L&y 1 giot dung dich Fe?*. Thém 1 giot dung dich Na,S.
DE y mau ké&t tia.

- Li tam l4y ké&t tta, ri¥a vdi nudec. Hoa tan trong 2 giot
CH,COOH dac khi dun ndng. Két tua cé tan khong ? Thiu suy
luén vé tinh tan cta k&t tia trong HCl, HNO,.

4. Phan ing véi kali ferixianua K;[Fe(CN),]

L&y 1 giot dung dich Fe?*, thém 1 giot dung dich thuéc thi.
D€ ¥ mau k&t tda. Thém 2 giot dung dich NaOH 2M. Mau két
tia ¢d bi thay d8i khong ?
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5. Phén @ng vai dimetylglioxim
Ldy 1 giot dung dich Fe?', them 1 giot NH,Cl 2M, 1 giot
thudc tha, 1 - 2 giot NH,. Quan sit mau két tha.

Nhé vao dung dich thu duge 2 giot NaOH 2M. C¢ gi thay
d8i khéng ?

II1 - PHAN UNG CUA ION Fe*t

1. Quan sat mau dung dich mudi Fe(IID).

2. Tinh chét caa sat (III) hidroxit

a) Ldy 1 giot dung dich mu6i s&t (III) (dung dich Fe>*), thém
2 giot dung dich NaOH 2M. Quan s4t mau k&t tia. Thém vai
giot dung dich NaOH nita. Két tia c6 tan khéng ?

b) Li tam 14y két tua, cho tdc dung vai 2 giot dung dich
HCl 2M. Két tda ed tan khéng ?

c) Ldy 1 giot dung dich Fe®*, thém tung giot dung dich NH,
2M. K&t tha cd tan trong NH, du khéng ?

‘3. Tinh chét caa sAt (III) sunfua
a) Léy 1 giot dung dich Fe**. Thém 1 giot HC! 2M. Them
1 - 2 giot nuée H,8. Co gi xay ra ?

b) Ly 1 giot dung dich Fe**. Thém 1 giot dung dich Na,S.
Quan sdt mau két tda.

Li tdm 14y k&t tda. Chia lam 2 phdn. Thi tinh tan cia két
tia trong CH,COOH 2M va trong HCl 2M.

4. Phan &ng vdi kali feroxianua K, [Fe(CN)¢]

a) Ldy 1 giot dung dich Fe*, thém 1 giot dung dich thudc
thi. Quan sdat mau k&t tda. Cho thém vai giot NaOH 2M. Co
gi thay d6i khéng ?
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b) Lap lai thi nghlem trén nhung thém 2 giot HC] 2M (thay
che NaOH).

5. Phan @ng vdi amoni thioxianat NH,SCN

Ldy 2 giot dung dich Fe*, them 10 giot H,0, 2 giot dung
dich NH,SCN. D€ y mau dung dich. Chia hén hgp lam hai phén :

a) Thém vao phdn 1 tiung giot NaF. Lic déu. Quan sdt hién
tugng. Giai thich.

b} Thém vao phin 2 ting giot Na,CO,. Lic déu. Quan sat
hién tugng. Giai thich.

6. Tinh chfit oxi héa - khu

a) Ldy 1 giot dung dich Fe**. Thém 1 giot dung dich HCI
va 1 giot dung dich KI. Quan siat mau dung dich.

b) Lay 1 giot dung dich Fe*, thém 1 giot dung dich HCl va
tiép 1 giot dung dich SnCl,. Thém vao dung dich 1 giet NH SCN
Cé gl xay ra ? Thém tlép 1 giot dung dich K ,Fe(CN),. Cé gi
xay ra 7 Giai thich.

¢) Ldy 1 giot dung dich Fe**, thém 2 giot dung dich NaF,
1 giot dung dich HCl va 1 giot dung dich KI. Quan sit mau
dung dich. So sdnh v6i mau dung dich thu dugc trong thi
nghiém a). Giai thich.

III - PHAN UNG CUA ION Mg**

I. Quan sit mau dung dich, thi phan dng bing chi thi van
nang.

2. Tinh chéit cia magie hidroxit

a) Ldy 1 giot dung dich musi magie (dung dich Mg?*), thém
1 giot NaOH 2M. Quan sat mau, trang thai k&t tua xuft hién.
Thém ti€p vai giot dung dich NaOH nita. K&t tia cd tan khéng ?

b) Li tAm ldy két tia, thém 3 giot NH,Cl 2M. Dun ndng.
Két tha cé tan khong ? Tai sao ?
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¢) Thu suy luan vé tinh tan cta k&t tia trong CHSCOOH,
trong HCl 2M,

d) Ldy 1 giot dung dich Mg®. Thém 1 giot HCI 2M Thém
1 giot NH, 2M. Cd gi xay ra ? Thém tiép ting giot NH; 2M.
Cd gi xdy ra ? Giai thich.

a) Ldy 1 giot dung dich Mg?*, thém 2 giot dung dich NH,CI
2M, 1 giot NH3 2M va 1 giot dung dich NazHPO4. Lic déu.
Dun ndng nhe. D€ y mau va dang ké&t tua xudt hién ; so sanh
v6i mau va dang két tta Mg(OH),,

b) Thi tinh tan cia két téa trong HCl 2M.

IV - PHAN UNG CUA ION MnZ*

1. Quan sit mau dung dich va thi phan ing bing chi thij
van nang.

2. Tinh chit cda mangan hidroxit

a) Ldy 1 giot dung dich mudi mangan (dung dich Mn?*).
Thém ting giot NaOH 2M. Quan sit mau k&t taa vita xufit
hién. Lic d8u, theo d6i sy bién d&i mau két tia. K&t tia cd
tan trong NaOH du khéng ?

b) L&y 1 giot dung dich Mn?'. Tham 1 giot dung dich NaOH
2M. Thém titng giot dung dich HCl 2M. Két toa cd tan trong
HCl khéng ?

c) Lay 1 giot dung dich Mn?*. Thém 2 giot dung dich NH,Cl
2M. Thém 1 giot dung dich NH,; 2M. Co két tda khong ? Lic
déu dung dich mot lic. Co két tta khéng ? Giai thich.

d) Ldy 1 giot dung dich Mn’*, thém 1 giot dung dich H,0,
va 1 giot dung dich NaOH 2M. Quan sdt mau k&t tia xudt hién.

~ Cho vao hén hop ting giot dung dich HNO, 2M. Dun néng
nhe. Két tia cd tan khong ?
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- Li tAm liy k&t tda thu duge. Thém 2 giot TCl 2M. Dun
nong. Két tia cd tan khong ?

3. Tinh chét cfia mangan sunfua

a) Liy 1 giot dung dich Mn®*, thém 1 giot dung dich HCl
2M, 1 giot dung dich nuéc bio hva H,S. Co gi xay ra ?

b) Lay 1 giot dung dich Mn®*, them 1 giot dung dich Na,S.
Quan sdt mau két tha. Li tdm ldy k&t tGa. Thir tinh tan trong
CH,COOH 2M, trong HCl 2M.

4, Tinh chit oxi héa - khi

a) Lay 0,5 m! HNO,; 2M, thém mét it PbO, (bing hat gao).
Dun s6i. D€ ldng. Quan s4t mau dung dich nudc trong trén
tuéng rdn. Cho 1 giot dung dich Mn(NO;), vao 1 6ng nghiém
khae. Thém 5 giot nudc. Lac déu. Ly dda thiy tinh nhing vao
dung dich thu dugc va sau d6 nhing vao hén hgp PbO, + HNO,
& trén rdi lal dun £6i. Quan sdat mau tim xuft hién. Nhé tiép
vao dung dich thu duge 1 giot Mn(NO,),. Cé gi x4y ra ?

b) L&y 1 giot dung dich Mn?*, thém 1 giot dung dich NaOH,
1 giot dung dich H,0,. Dun ndng. Li tdm. L&y it két tda thu
dugc cho vao hén hgp PbO, + HNO, da chuin bj nhu trong
thi nghiém a). Dun séi. CS gi x3y ra ? Thém ti&p 1 it két tua
nifa. Mau cd bi thay d8i khéng ? Tai sao ?

V - PHAN UUNG CUA ION Bi*"

1. Quan sit mau dung dich
Thit phadn dng cia dung dich véi gidy quy tim. Giai thich.
2. Tinh chét ciia muéi bazo

a) Lay 1 giot dung dich Bi(NO,),; (hodc BiCl;). Thém d6 2m!
nudc ciat. Lic déu. Cd k&t tda khong ? Néu khéng thi nhé vao
dung dich 1 - 2 giot NaCl va ldc déu. D€ ¥ mau két tha.
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b} Li tam ldy k&t tta. Nho vio két tia 2 giot HNO3 dac.
Dun ndng. Két tha cd tan khong ?

3. Tinh ché&t cka bitmut hidroxit
a) Ldy 1 giot dung dich Bi**. Nhb titng giot dung dich NaOH
2M. Két tha cd tan trong dung dich NaOH du khéng ?

b) Li tam ldy két tha, chia lam 2 phdn. Th{ tinh tan trong
HNO, 2M va trong NH, 2M.

4. Tinh chédt cia bitmut sunfua
a) Léy 1 giot dung dich Bi**. Nhé tigp 1 giot dung dich
Na,S. D€ y mau két tia. :

b) Li tém ld4y két toa chia lam 2 phén : a) Thi tinh tan
trong HCI 2M khi nguéi va khi nong. b) Thit tinh tan cia két
tia trong HNO,; khi nguéi va khi néng.

5. Tinh chét oxi héa - khir

Léy 1 giot dung dich SnCL, thém titng giot dung dich NaOH
2M cho dén xuft hién két tda va dén tan. Thém vao hén hgp
thu duge 1 giot dung dich Bit. D& ¥ mau va t8c do xudt hién
két tua,

VI - HUGNG DAN PHAN TICH HE THONG HON HOP CAC
CATION NHOM VI

1. Hudng dén chung

a) Cac ion Fe®* va Fe phai duge phét hién ti dung dich
ddu vi trong qu4 trinh phan tich héa tri cua chiing thay ddi.

b} Cac ion nhém VI duge két tia dusi dang hidroxit bing
NaOH du khi ed I-I202 (d€ oxi héa Mn(I) thanh Mna(IV).

Két tia tan trong HNO, 2M, tri MnO(OH),. Bing cich nay
cd thé& tdch Mn.

¢} Mg(OH), d& dang tan trong mu6i amoni.
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2. So dé phan tich
DDIJ {nhém VD)

+ NaOH 2M
+ H,0,

v |
Mg(OH),, Fe(OH), bd
Bi(OH),, MnO(OH)},

+ HNQ, 2M
tO
i
N‘ﬁfO(OH)2 Mg‘2+, Fe3*, Bi3t
+ (PbO, + HNOy) + NH, 2M
£o I \
MnQj, tim Fe(OH),, Bi(OH); Mg
+ HNO, 2M + Na,HPO,
tO
MgNH PO, | tring
+ NH,SCN + SnO%‘
Fe(SCN), + NaOH
doé Bi | den

3. Quy trinh phan tich

a) Tim Fe?* . 1 giot dung dich + 1 giot HCl 2M + 1 giot
K,[Fe(CN)g} s& c6 mau xanh thim ctia Fey[Fe(CN)gl, khi cd Fe’*.

b) Tim Fe’* : 1 giot dung dich + 1 giot K,Fe(CN),, sé cd
mau xanh thim cta Fe,Fe(CN); khi cé Fe*'.

¢) K&t taa hidroxit :

~ L4y 38 giot dung dich. Thém 3 giot NaOH 2M, 1 giot H,0,.
Dun néng. Li tam 14y kst tda 1. Ria két tia, Cho tdac dung
v6i 3 giot HNO,; 2M. Dun ndng sé duge dung dich 2 va két
tua 2 ctia MnO(OH),.

_ Tim Mn : Cho mot it két tia 2 vao hén hgp PbO, + HNO,
2M, dun néng s& cd mau tim cla MnO,.

151



- Tach Mg ra khéi Fe?' va Bi3* : Them ting giot NH,
2M vao dung dich 2 cho dén ¢ mui. Li tam, tdch két tda 3
va dung dich 3.

~ Tim Mg*" : Lay dung dich 3, them 1 giot Na,HPO, s& cd
két téa trdng tinh thé& cia MgNH,FO,.

- Tim Fe* va Bi* : Hoa tan ké&t tia 3 trong vai giot HNO,
2M s& duge dung dich 4. Chia dung dich 4 lam 2 phan :

+ Tim Fe** : Cho vao phéin 1 mot giot dung dich NH,SCN
8¢ c6 phic mau dé mdu khi cd Fe’*.

+ Tim Bi* : Ldy 1 giot dung dich SnCl, thém ting giot
NaOH 2M dén két tta r8i dén tan. Thém 1 giot dung dich 4
88 c6 k&t tha Bi mau den tdch ra khi trong dung dich cd bitmut.

VIl - SO DO PHAN TICH HE THONG CAC CATION TUY
NHOM II - VI

DD,
+ HC) 2M
| -
Nhdm IIT : + 1,80, 2M
: +C,H.OH
X 5
+ NaOH dé&n dyc Nhom II
+ 1/4V NaOH
+ H,0,
! ]
Nhém V + Nhém VI + SbO(OH), Nhém IV
+ HNO, 2M + H,0, .
Pun s6i
' L
HSbO, Cdc cation nhém V va VI
+ HCI dae, 2 + Na,CO; dén due, lc khong mat
+ Rozamin B + NH, dic + H,0,
SbCl; HR* Dun néng
tim l i
Hidroxit nhém VI Phiic amin
nhém V
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CAU HOI VA BAI TAP

1. Trinh bay hién tugng xay ra khi cho d&n dung dich NaOH
vao dung dich FeCl2 cho dén du. Néu trong dung dich cé mat
H,O, thi c6 gi xay ra ? Giai thich.

2. Hoda tan hoan toan mét it bot sit trong HCl. Thém ddn
dung dich NH, vao cho dén du. Cd hién tugng gi xay ra ? Néu
thém H,O, vao sé c¢d gi xay ra ?

3. Mot dung dich A gém c6 FE;SO4 0,001M va HCl 0,01M.
Thém 1m! dung dich NH, 0,0105M vao lm! dung dich A. Cg
két tia Fe(OH), tach ra khong ?

4. Tinh pH bAt ddu két tia Fe(OH), ti dung dich Fe™
1072M.

5. Mot dung dich B ¢6 Fe** 0,01M, H' 0,02M. N&u thém
Lml dung dich NH, 0,02M vao 1m! dung dich B thi c6 k&t tua
Fe(OH), tdch ra hay khong ?

6. Cho dung dich Na,S vao dung dich Fe?* cd hién tugng gi
x4y ra ? _ '

7. Thém 1m! dung dich H,S 0,01M vio lm! dung dich Fe**
0,01M va H* 0,1M. C6 hién tugng gl xdy ra ?

8. Viét phuong trinh phén ¢ng hda tan Fe,S, trong HCL

9. Hay trinh bay cic phan dUng dugc dung d€ phdt hién Fe?*
va Fe’*. Néu r6 diéu kién phan ing.

10. Bi6i ring khi phdt hién ion Fe** bdng SCN™, mau dé
cha phic FeSCN2?' xudt hién dt r6 khi néng d6 Cresot =

7.107® ion-g/l. Hay cho biét cd thé phéat hién duge Fe>* hay
khong néu thém 1ml! SCN™ 1072 M vao 1ml dung dich Fe®
0,01M cd chia NaF 1M.

11. Thém 1m! dung dich SCN~ 0,01M vado 1m! dung dich
Fe* 0,01M, H* 0,01M va Sn%* 0,01M. Cé mau dé cia phic
FeSCN?* xu#t hién hay khéng ?

12. Thém 1 giot dung dich KI vac dung dich chda Fe?*, H*
va hé tinh bot. Co gi xay ra ? Giai thich.
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_ 13. Thém dan dung dich NaOH vao dung dich MnSO, va
lac déu hén hop. C6 gi xay ra ? N&u thém Lml H,0, vao dung
dich thi cd gi thay d8i ?

14. Mot dung dich A gém cd MnSO, va HCL. Thém dén dung
dich NH, vao cho dén du. Cé gi xdy ra ? Néu thém 1 giot dung
dich H,0, thi cd gi x4y ra ?

15. Hay trinh bay mot s6 thufic thit ¢o th& diung d€ hoa tan
k&t tta MnO(OID),. Viét phuong trinh phan dng.

16. Giai thich tai sao khi diing hén hop PbO, + HNO, dé
oxi héa Mn?* thanh MnO] lai phai tranh ding du Mn®'. C¢

thé€ thay HNO, bing HCI dugc khong ?

17. L4y 1 giot dung dich Mn?*. Thém 1 giot dung dich NaOH
déc, 3 giot dung dich H,0,. Thém 2 giot HNO, dac. Dun nong
hén hop s& dugc dung dich trong suét nhu lic ddu. Giai thich
hién tugng.

18. Thém 1m! dung dich NI, 0,01M vao 1ml dung dich
Mg?* 0,01M va HCl 0,005M. C6 k&t tia Mg(OH), tich ra
hay khong ?

19. Liy 1 giot dung dich Mg?*. Thém 1 giot HCI 2M, 1 giot
dung dich Na,HPO,. Thém tiép 2 giot NH, 2M. Ngudi ta thu
duge k&t tla tréing tinh thé. Néu thém ti€p 2 giot HCI thi ket
tda lai tan. Giai thich hién tugng.

20. Thém 1 giot dung dich Bi(NO:;)3 vao 10mi nude cht. Lic
déu. CS hién tugng gi cd thé xay ra ?

21. Thém 1ml dung dich nudc bio hda H,S vao 1ml dung
dich Bi** 0,01M va H* 0,iM. C6 hién tugng gi xay ra ? Cho
biét ndéng d¢ H,S trong dung dich bao héa 1a 0,1M.

22. Cé thé hoa tan két taa Bi,8; trong HCl + H,0,, trong
HNG,; 2M khi dun néng. Viét phuong trinh phan dng. Tinh
hdng 56 cAn bang cia cdc phan Ung tuong dng.

23. Thém 1mi dung dich nuée bio hda H,S vao 1 m! dung
dich Mn?* 0,01M, H* 0,01M. Cé két tia MnS tach ra khong ?

Cd th€ dung nhitng thuSc thit gl dé hdoa tan MnS ?
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24. Lap so d6 phan tich cde hén hop sau :

a) Mg?*, Fe*, Mn%* b) Mg?*, Bi*t, Fe3*
¢) Mn%*, Fe3*, Cu?* d) Co?, Fe?*, Mg®
e) Mn?*, Zn2*, AP g) Bi**, Mn%*, Pp¥

25. Lap su d6 phan tich hén hyp cdc cation tif nhém II dén
nhém VI,

26. Khong dung thém thufc thd trong méi truong hop, hay
phéan biét cdc chit sau :

a) FeCl, ; AKNO,), ; MgCl, ; NaOH
b) MnCl, ; Pb(NO,), ; MgCl, ; Na,8
¢) NiSO, ; BaCl, ; Bi(NO,), ; KI ; Zn(NO,),.

27. Dugc phép diing thém mot thude tha trong méi trudng
hop, hay phan biét cdc chit sau :

a) AgNO, ; MgCl, ; CdSO, ; ZnCl,
b) KCI ; Bi(NO,); ; Ph(NOG,), ; HgCl,

¢) MnSO, ; MgCl, ; CdSO, ; Ph(NO,),.

Chuong 9 _
'CAC ANION CUA CAC HALOGEN

Cac halogen nidm trong nhém VII caa bang tufin hodn cic
nguyén t& hda hoc, gdm cd cic anion :

F,CI,Br, T

C107, BrO™, 107, CI0;
C10;3, Bro;, 10
Clo;, 10;
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§9.1. ION FLORUA F~

F = 19,00 ; 1s? 2¢% 2p°
Flo chi ¢é mét trang thdi hda tri : F~.

1 - TINH CHAT CHUNG

1. Tinh chét axit - bazo

Trong dung dich nudc clia céc florua cd cac can bang sau :
F +H' =HF gkt = 3,17 o
HF + F~ =HF, IgK = 0,59 - (2

Can bang (1) tén tai trong cdc dung dich loing, cin bang (2)
trong cdc dung dich axit HF d#éc. Dung dich ¥~ cd phin dng
bazd rdt y€u :

F~ + H,0 =HF + OH" -10,8

pH clia dung dich NaF 0,01M vao khoang 7,6.

2. Tinh chiit tao phic

Ton F~ tac dugc nhiéu phic chét khéng mau vdi cdc ion da
hda tri. Céc phic chat kha bén cha ion F~ vai A (Ig8,_¢ = 6,1 ;
11,15 ; 15 ; 17,75 ; 19,37 ; 19,84), voi Fe* (igh,_, = 528 ;
9,30 ; 12,06), véi Zr(IV), Be(Il), ThAV), U(IV).

F~ cing tao dugc phic bén voi Bo, BF,, véi silic SiF2 . Loi

dung tinh chédt tao phic nay ngudi ta thudng diung ion F~ dé
che cdc ion can trd, chidng han dang NaF che Fe** khi phat
hien Co** bang SCN.

3. Tinh chét oxi héa - khit

F, + 2¢ =2F EY pp= = 2,37V

J2F
Thé& oxi héa - khit rét cao, vi vay F, 1a mét chdt oxi hda
rdt manh, con ilon F~ cd tinh khi rit y&u. F, oxi hda duge
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H,O giai phong oxi, oxi hda SO;” thanh §,027, Co® thanh
Co®*, Ag* thanh Ag®, v.v... '

4. Hap chdt it tan

Da 6 cac muéi florua déu {t tan trong nuéc (tri florua kim
loai kiém, AgF, m¢t s mudi florua khac) nhung tan dé trong
axit manh.

Cac mudi florua kim loai kiém thd, liti, magie déu it tan.

Cac mu6i phde Na,{AIF.], Al[AIF], Nas[FeF(], Na,[ThF],
cing it tan trong nuéc.

1I - PHAN UNG PHAT HIEN ION F~

1. Phan ung tao phitc véi Zr(IV)

Phiec chdt cta Zr(IV) voi F~ kha bén (gB,_¢ = 9,8 ; 17,3 ;
18,3 ; 23,3 ; 28 ; 32,1). Do d¢ khi cd F~ thi phic mau dé cia
Zr(IV) véi alizarin dé S s& bi phd hiy va chuy€n thanh mau
vang cua thuc thi (trong moéi trudng axit). Phan dng kha
nhay : 1.10°3 jon-g/l F~. '

Phai thyc hién phan ing trong méi trudng axit dé trdnh két
tia Zr(OH),. Phai tranh su ¢d mat ctia cac chdt oxi héa manh

nhu ClO;, Cr,037, I0;, AsO}” lam phd hiy phic chdt mau.

Céc ion cho phic chdt bén véi Zr'Y (C,027, SO2” du) cing
cho phén dng tuong tu ; H,PO,, H,AsO, can trd phan dng vi
tao két tha véi Zr(IV) trong méi trudng axit.

2. Phan ¥ng lam mét mau phic chit sit (III) thioxianat

Khi c6 mat ion F~, thi phdc chit sit (III) thioxianat mét
mau dé do chuy&n thanh phic chdt khéng mau.

Vi du :
Fe(SCN); + 3F" =FeF, + 3SCN IgK = (-6,37) +
+ 12,03 = 5,66
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$9.2. CAC 10N HALOGENUA CI", Br', I

Cl = 35,45 ; (Ar) 3s° 3p°
Br = 79,50 ; (Ar) 3d'° 45 4p°
1= 126,90 ; (Kr) 4d'0 5s* 5p°

I - TINH CHAT CHUNG

1. Tinh ché#t axit - bazo

HCI1, HBr, HI 13 nhitng chdt khi khdong mau, tan dé& dang
trong nudc tao thanh nhitng axit rdt manh, trong dé HI la axit
manh nhét, réi dén HBr va sau cing 1a HCl. Vi viy céc anion
I', Br, CI' 12 nhitng bazo v6 cing yé&u.

2. Tinh chét tao phic

Cé nhiéu phic chdt tao bdi cdc halogenua. Cac phic véi
clorua it bén, con cdc phic iodua bén hon ca. Da s6 cdc ion
kim loai da hda tri déu tao phic v6i cdc halogenua. Cdc phie
nay khong bi phd huy bdéi céc axit.

Mét s6 phuc chit halogenua ¢d mau dic trung : PtC]%_ mau
da cam, I; mau niu da cam, ICl, ving, cdc phﬁc halogenua
vai Fe't, vai Cu?’’ mau vang, veéi Cott xanh, Bil, mau da
cam, v.v...

3. Tinh chét oxi héa - khu

Cac halogen la nhitng ch&t oxi hda va cdc ion halogenua 1a
nhiing chét kha :

Cl, +2 =2CI" Bpor = 1,36V
Br, +2e =2Br Eyepne = 1,08V
I, +2 =2 Efpi- = 0,62V
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Et‘_\lz;.ch > Egrﬂﬂr— > Efzm* nén khd nang oxi hda ting
len ti I, lén CI, va kha nang khit tang l1én tit ClI° dé&n I,

I, it tan trong nudc (d6 tan S12 = 5.107*M) nhung tan duge
trong KI du do tao phdec.

L+1 =1 igf = 2,87
vi vay trong dung dich KI du cd can bing oxi hda :
Iy + 2e =3I E?;f31_ = (,5355V
Tuong tu nhu vay, Br, tan trong KBr du do taoc phiec
Br, + Br =Br; lg8 = 1,76
v3 Br, +2e =3Br" E(I;r;fSBr_ = 1,05V

T8c dé phan dng oxi hda - khi xay ra nhanh d6i vai I,
tuong d6i chAm véi ion Br™. D& v6i ion CI' phan ing chi xay
ra nhanh khi tdc dung v6i cdc ch&t oxi hda manh trong méi

truong axit khi dun néng nhu MnOj Eyno-mtt = L,51V),
g
105 (E‘Ijo;llz = 1,19V), MnO, (E&noz!Mn” = 1,23V).

Clo c6 thé oxi hda duge 8,017, H,S, 802~ (ca ba déu bj oxi

hda thanh .SOi”), Br7, I", cic chdt mau hitu co, v.v..
Ion Br™ bi oxi hda trong méi trusng axit boi Mno;, CrzOg",
H,80, dic néng, Cl, va HCIO, v.v...

PbO, oxi héa duge ion Br™ ngay trong méi trudng axit yéu
nhu axit axetic : '

4| CH,COOH  =CH,C00™ +H' 4.(~4,76)
PbO, +4H' +2¢"  3=Pb* + 2H,0 (2.1,46)/0,059
2Br =Br, + 2e (~2.1,08)/0,059
Pb* + CH,CO00" = PbCH,COO" 2,52
PbO, +2Br + 4CH,COOH =PbCH,COO" + Br, +
+ 2H,0 + 3CH,C00" IgK = -3,64
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Ton I” c6 thé bi oxi héa bai Cl,, Br, Fe**, HNO, H;AsO,
trong moéi trudng axit manh, v.v...

I, oxi hda duge H,S5 thanh S. Dac biét I, oxi héa duogc
SZO%" thanh S4O§_ trong méi trudng trung tinh hodc axit. Phan
ung dude dung trong phan tich dinh lugng xac dinh I, -

2- L 1~ @ 02 - -
28,03 +1; ==8,0; + 3l 1gK = 15

Trong dung dich kiém cac halogen tu oxi hda-khi. Chéng
han, trong dung dich clo 0,1M & pH = 7.

Cl, + H,0 ==HCIO + ClI" + H IgK = -4,6

cC 0,1

[l X 0l-x 01-x 107

0,1 — x)°

X

= 10745107 = 1027

x = 107% « 01
toan bo Cl, da ty oxi hda - khit thanh CI" va HCIO.
Tuong td nhu vay, phan dng
Br, + H,0 ==Br + HBrO + H' lgK = -8,7
x4y ra hoan toan & pH = 8 vA khi dun néng thi HBrO lai tu
phan hiy hoan toan thanh BrO; va Br™.
L, cing ty oxi hda ~ khi theo ciach tudng tu :
I, + H,0 =1 +HIO + H* lgk = -15,3
Sau dé HIO tu oxi héa khit nhanh thanh 105 va I'.

HIO + 2H,0 =10y + 5H" + 4e (-4.1,14)/0,059
2 | HIO + H" + 2e =I" + H,0 2(2.0,99)/0,059
3HIO =10, +2I +3H" gk = -10
Téng quat :
31, + 8H,0 =50 +I0; + 6H" 1gK = -553 () .
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Phan dng xay ra hoan toan & pH = 11. Ching han, phép
tinh theo phuong trinh (I) d6i v6i dung dich I, 0,01M; I" 1M
va ¢ pH = 11 cho ta [L] = 1007 « 001M nghia la [, da
ty oxi hda - khd hoan toén

4. Hgp ch4t it tan

Da s8 cdc halogenua déu it tan, trong d6 cd cdc halogenua
cia Pb(Il), AgI), Hg(I), Cu(l), TI). Cac iodua it tan hon cdc
bromua va cdc bromua lai it tan hon cdc clorua tuong dng. Cac
mufi chi halogenua dé tan trong nuéc nong va két tinh lai khi
ngudi thanh vay ong anh. M6t 86 mudi halogenua bazo it tan
trong nudéc nhu MgOCI, BiOCl, SbOCl (nhung lai dé tan trong
cac axit). Hdu hét cdc halogenua trung tinh it tan trong nuc
déu cing khd tan trong cde axit, tri cdc axit halogen do tao
phic halogen (vi du, AgCl tan it trong HCl do tao phuc
AgCL). Mot 88 mudi halogenua tan duge trong dung méi hitu co.

II - PHAN UNG PHAT HIEN CAC ION HALOGENUA

1. Phan d¥ng tao thanh mudi bac halogenua

AgNO, tao dugc cic bac halogenua it tan : AgCl mau tring,
AgBr tring nga, Agl vang nhat. D¢ tan cla cdc mudi gidm ti
AgCl dén Agl. Cic mudi nay déu khéng tan trong cdc axit.

AgCl tan trong NH,, (NH,),CO, AgBr tan trong NH, du.
Agl rdt it tan trong N}-I

D€ nhén_bi&t ion CI” ti dung -dich chda cdc halogenua cd
thé dung hén hop dém bac gém NH, 0,25M ; AgNO, 0,01M va
KNO, 0,25M. Thanh phan cia hén hop nay gém cd Ag(NH3)2

0,0IM, NH, 0,23M va KNO, 0,25M.
Trong dung dich nay cd cn bang :

Ag(NH,); =Ag" + 2NH, 1077
c 0,01 0,23
[] 00l-x x 023+2x
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x(0,23 + 2x)°

_ —-7.24
(0,01 — x) 10

1072 10724 R
(0,23)?
Né&u cho dung dich nay vao hén hgp CI” 1072M, Br~ 107 M

va I” 1072M thi khéng cd AgCl tach ra, trong khi do lai ¢d két
tda AgBr va Agl vi :

- = 10,0 - 13
va Cpgt - Cpr = 10710 > K, o (1071) va

- — 10,0 -16
CAg+ . CI = 10~ | = ng[ (107"

DO dd [Ag+] = ¥ =

) CC]_ = 10-10,0 = 10)

sAgCl (10°

Sau khi tach dung dich ra khoéi k&t tida, ngudi ta cé thé phat
hién ra ion CI” bang cach axit hda dung dich d€ phan hdy phie
A,?,‘(NHg)ér do d¢ lam tang néng d6 ion Ag' din téi diéu kién

CAg+ cCom > KSAgCl.

Chi y rAng, AgNO, cdn ¢6 thé tao két tia vdi céc anion
khéc. Chang han, AgSCN (IgK, = —12) mau tring, AgCN (-15,84)
miu trang, Ag,[Fe(CN).} (-44,07) mau tréng, Ag,S (-49,7) mau
den, Ag;[Fe(CN) ] (-22)} mau da cam, AglO; (-7,52) vang nhat.

Ion SZO? mdi ddu cho két taa vang néu réi den cia Ag,S.

Né&u ding hén hgp dém (AgNO, + NH; + KNO,) d€ hda tan
hén hop két tia cic mudi bac thi chi cé AgCl, AglO; va
Ag;[Fe(CN),] hoa tan. Tuy vdy, khi ‘axit hda cham dung dich
thi méi ddu chi cé AgCl k&t tha trd lai

2. Phan dng phédt hién [

Oxi héa ion 1" béng ion NO,

Trong méi trudng axit, ion NO; (E?INO?INO = 0,96V) oxi hda
ion ' thanh I,, chigt duge trong CCl, hoic CHCl; thanh dung

dich ¢ mau tim.
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2HNO, + 31" + 2H" — I + 2NOt + 2H,0
Cde jon CN™ va SCN™ cén trd phan dng.
Trong méi trudng axit cic ion CIQ;, IO;, Fe(CN)g_, BrO;,
ClOj, 10, 8,05 va H,0, oxi héa duge I thanh I,

Khi dun s6i dung dich thi I, bi thang hoa, vi vay cd thé
dung phan dng nay d€ dudi hét I ra khéi dung dich.

3. Phan tng phdt hién ion Br™ va I’
Oxi héa blng nusc clo
Bdi vi E?SIZRCI_ > EgrleBr_ > E?zle_ nén khi thém dén nuéc

clo vao dung dich chda Br va T thi mé&i ddu I” bi oxi hda
thanh I, chiét duge b&i CHCIl; hoac CCl,.

Cl; +3 =201 +1;

Khi them du nuéc clo thi I, bj oxi hda ti€p tuc thanh 105

B o = 136V > By, = 1,20V)
5(CL+2 =20 5(2.1,36)/0,059
I, + 6H,0 + 10e =210; + 12H" {10.1,19)/0,059
5Cl, + I, + 6H,0 =10CI" + 210 + 12H" 1gK = 28,8

Phan dng xdy ra dugc nhan thdy dé dang bdi su mét mau
hoan toan cta I,, vi I0; khong mau. Ddng thdi xiy ra phan
ing oxi hda Br~ thanh Br,.

Cl, + 2Br” =2CI" + Br, gk = 9.3
lam cho l4p dung mdi hitu ¢o ¢6 mau vang cGa brom.

Luong du 'Cl, khong oxi héa Br, thanh BrQ; vi

E?:lzlch (1,38V) < EgrO;’Brz (_1=52V)
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Cing c6 th€ mdi ddu dudi hét I ra khoi dung dich bang
tac dung cia NO,. Sau d6 oxi hda Br  bang nuéc clo.

4. Oxi héa CI', Br™, I’ biing MnO,

Nhu da biét, thé cia cap MnO,/Mn®* thay d6i tiy theo pH
cia dung dich :

O pH = 0 E = By op2+ = 1,51V, MnOj oxi hoa duge ci
ClI', Br, I”

0.059 [MnO,]
O pH = 3E = E 4 :

~ 348
MnO_:!Mn 5 g [Mn2+] (107N

0,059 {MnO;]
= 120V + 2l ol < By

nhung E > Eg, 2B nén MnO, oxi hda duge Br va I .

8] pH = 5
0,059 [MnO,1 .
[MnO;]
- Logv + 2059 4

5 ey < e

MnO, chi oxi héa duge T" thanh 1,.

Vi vy mdi ddu cd th€ oxi hda hén hgp cdc ion halogenua
bing dung dich KMnO, 1% trong méi trubng dém axetat

(CH,COOH + CH,COONa). ( day I" bi oxi hda thanh I, va bi
chiét hét vac dung dich CCl, hodc CHCI,.

Sau khi tdch ldp dung mdi hitu co ra, ngudi ta axit hda dung
dich bing H,80, dén pH = 3 va thém KMnO, du. Lép CHCI,
$€ ¢ mau vang da cam cita brom.
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Tach 16p dung méi hitu co, khi lugng du KMnO, biang mét
it Na,80, Loc két tia MnO(OH), va tim ion CI” bing dung
dich AigNOT

§9.3. CAC ION HIPOHALOGENUA Cl10~, BrO~, 10~

Cac axit HCIO, HBrO, HIO ]2 nhitng axit yéu :

HCI0O =H" + ClO” gk = -7,53
HBrO0 =H' + BrO" gk = -8,6
HIO =H"+ 10 1gK = -10,6

HCIO, CIO™, HBrO tu oxi hda-kh& chaAm khi nguséi, HIO va
10™ it bén, ty phan hay nhanh :

310" = 10, + 2T
Ngudi ta gap cdc phic chét BrCi, ICIL, I1BrCi, ICL; vang, céc
mudi it tan AglO va Hg,(10),.

Trong moéi truong axit, cdc trang thdi oxi hda +1 cia céc
halogen déu 13 nhitng chét oxi héa manh, trong dé cudng do
oxi hoa gidm tit clo dé&n iot.

Bruon, = 143V, Eypromr, = L6V, Eeiger, = L6V

Trong méi trudng axit, HCIO oxi hda cham H,O thanh 0,
vad oxi hda nhanh HCI] thanh Clz,

HCIO, HBrO ciing nhu ClO™, BrO™ oxi héa duge I thanh I0,.

Trong méi trudng kiém céc jon ClIO™ va BrO~ cing la nhitng chat

oxi hda va bi khit béi 827, 8,017, 80, C,02", NOj, v.v...

§9.4. CAC ION Cl0;, Br0O3, 10;

Axit clorg khong mau la axit manh :
HCIO, =H" + Cl0; lgK = -2
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va clng 1a chat oxi hda manh B n~ = 1,6V.

N6 tu oxi héa - kh& thanh CIO, va CI'.

Trong moi trudng axit manh, HCIO, tu phin hiy thanh ClO,
va ClO;.

HBrO, va HIO, it bén.

§9.5. CAC ION CLORAT ClO3,
BROMAT BrO3, IODAT 103

Céc axit tuong dng déu 12 nhing axit manh. Cdc anion déu
132 khéng mau.

Da sd cdc mudi clorat déu tan. M6t s6 {t mu6i bromat it tan
(T1BrQ,, Ba(Br0Q,),, AgBrO,).

HAu hét céc muébi iodat déu it tan AgIO3, iodat cdc kim
loai kism thé, Mn?*, Cu?*, Hg*, Zn%, vv..

Céc phic chét cia ion nay déu it bén.
T4t ca cdc ion déu la nhiing chat oxi hda trong mdi trudng axit

(&2 co, /c” = 1,47V ; E(ﬁrO m = 1,45V ; E?O - = 1,08V).

Tuy vy tfc d6 phdn dng oxi hda cia ion ClO; rdt chim,

tri cdc dung dich rdt axit. Trong cdc dung dich axit manh, ion
ClO; oxi héa dugc ion Fe?*, HCI dic, HNO,.

Trong méi trudng kiém, ion ClO; khong thé hién tinh oxi hda.

o pH < 3 ion BrO] oxi héa duge Br, I", v.v., nhung &
pH > 3 thi phan ¢ng r4t chim.
e} pH > 5 ion 10, phén tng rdt chim.
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Trong mdi trudng axit, I0; oxi héa I' thanh I,
210; + 12H* + 10e =1, + 6H,0

5x | 2I° =1 + 2
210, + 10I" + 12H" =6I, + 6H,0

Phan ing x4y ra hoan toian nén dugc diung d& chufn hda
cdc axit manh, vi 56 duong lugng iot giai phdng ra tuong duong
véi s6 duong lugng H* tiéu thu trong phan ung.

I_O; cing bi khit thanh I" bdi Fe?, 50, trong mbi trudng axit.

bé phat hién ion ClO; ngudi ta khi CiQ; thanh CI” bing

NaNQ, trong méi trudng HNO, r6i két tda ion CI” bing AgNO,
(sau khi tdch cdc ion cd th€ k&t tha véi AgNO,).

Trong méi trudng axit, ion BrO, oxi hda metyl da cam va
lam mét mau nd.

§9.6. ION PECLORAT Cl0;, VA PEIODAT 104

HCIO, las axit manh nhét trong clc axit. H&u h&t cdc mudi
peclorat déu tan. ft tan nhét co : CsClO (gK, = -2,3) RbClO,
(-2,6), KCl1O, (~1,97).

HCIO, 1a chét oxi hda nhung t8c d0 phan dng v6 cung chim.
Chi ¢6 cdc chdt khit manh méi phan dng ré véi HCIO,.

3 nbng d9 cao, khi dun néng hodc khi cd chdt xtc tdc thi
HCIO, phin ing nhanh. HCIO, 70% vi & 200°C 12 chit oxi
héa manh. V6i cdc nng d6 cao hon va khi dun ndng thi HCIO,
oxi héa rit manh va ng.

Trong dung dich nufc khong cd trang thai BrV”‘
HIO, va H/O, la nhitng chdt rdn. Cé cac ion H,JIO(, IO,
H,I0%", 104" '
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Cdc mudi peiodat clia amoni vA kali tan khong nhidu. Cac
mudi khdc dé&u tan. Cac peiodat déu 14 nhitng chidt oxi hda
manh, nhung phan dng chédm. Trong dung dich axit khi dun
ndng ion 10, oxi héa Mn?* thanh MnO;.

Chuong 10

CAC ANION CUA LUU HUYNH
8 = 32,06 ;
(Ne) 3s? 3p*

Céc anion ciia S c6 ¥ nghla phan tich gém cd : sunfua 8%,
thiosunfat szog‘, sunfit sog‘, sunfat SOE_, pesunfat szog‘.

$10.1. ION SUNFUA S§*

I - TINH CHAT CHUNG

1. Tinh chét axit - bazo

Axit sunfuhidric 134 axit rdt y&u :
H,§ =H* + HS"~ -7,02
HS™ =H* + 8% -12,9

vi vay ion 827 1a bazo manh, pH cda dung dich S 0,01M vao
khoang 12.

st ed mii tring théi, ddc. Do tan cha st trong nudec vao
khodng 0,1M. Cd thé dudi H,S ra khdi dung dich bing cich
dun s6i, hoac th8i khi tro qua dung dich (agon, N,, v.v..).
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2. Tinh chét tao phic

Ion 827 tao phic tan véi mot s6 sunfua : I-IgSzh,SnS%_,
As8}™, AsS}™, 8bS37, SbS2T, v.v... Cdc phic nay bi axit phan huy
cho tréd lai két tia sunfua :

3— L
28bS, + 6H" =85b,S; | +3H,8 1.
3. Tinh ch4t oxi héa - khw '
Ion 8% 1a ch&t khit manh :

S* =8 | +2  E3¢ = —048V
Trong mol trudng axit
—. + " —_
H,S _‘—2H +8 | + 2e Eosmzs = 0,14V

Cic dung dich sunfua déu bi oxi hda trong khong khi

2H,8 + 0, =28 | +2H,0

Vi vay dung dich nudec H,S khi d€ lau trong khong khi bi
hda duc.

'8 pH = 11, ion S?° bi oxi- héa thanh polisunfua Sﬁh mau
vang. Vi vay dung dich (NH)),S d€ lau bi héa vang. Cac chat
oxi hda manh (MnQ,, Cl,, Br,, ClO™, BrO™, v.v... ) oxi hda 8%
thanh SO}

4. Céic hgp chit it tan

Cac sunfua kiém, kiém thd déu tan trong nuéc. Cac sunfua
nhém, crom thiy phén ho2n toan va& tao thanh cdc hidroxit
tuong dng.

H4iu hét cdc sunfua it tan déu ¢ mau : MnS hdng, ZnS tring,
CdS vang, Sb,S, vang da cam, As,8, vang, cdc sunfua khéc den.

Cac sunfua Cd, Sn, Hg, it tan trong HCIl. Cac sunfua As,
Sb, Sn, Ge, Mo, W, V tan trong sunfua kiém.
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II - PHAN UNG PHAT HIEN ION 8%

1. Phan dang vai HCI
HCl tac dung v&i cdc mudi sunfua cho H,S bay ra, ¢d mui
tring théi, hodc hda den gify tdm Pb(CH,CO0),
S+ 2H' =H,S t
Mot s6 ion khéng oxi héa S% trong méi trusng kiém (vi du
(C107), nhung khi axit héa dung dich thi oxi hda H,S do d¢
can trd phan dng. '

2. Phan ing véi dung djch AgNO,
"Khi ¢6 KCN (d€ tranh tao thanh céc mudi khd tan khéc cda
Ag') fon Ag" tao véi ST k&t tia Ag,S mau den.

Mac déu jon CN cing tao duge phic vai Agh song Ag,S 1a
hgp ch4t rdt it tan nén vin két tda duge khi ¢ CN™.

Ching han, trong dung dich KCN 1M, Ag' 0,01M.

1072
10201 1 (0PI
Né&u nbrg dd céc anion déu 1a 0,1M thi

[Ag'P . 1871 = 1,7.10 7 > K, (10799

[AgT] = =1,3.107%

Nguge lai, cdc mudi khac caa Ag+ khoéng thé két tia duge
trong diéu kién nay vi tich s8 ion bé hon tich s6 tan cia mudi
tuong ting.

Khi c6 lugng I6n 8,057 thi méi ddu cd thé cd ket tia Ag,S,0,
mau vang, sau d¢ bi€n ddi cham thanh Ag,5 mau den.

Chi y rang trong mé6i trudng kiém cdc ion szog‘,
Fe(CN); ", 10; , MnOj ,C10™, BrO™ va c& H,0, oxi héa cham S2".
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§10.2. ION THIOSUNFAT S,03"

1 - TINH CHAT CHUNG

1. Tinh chéit axit - bazag

Axit tdong Ung, axit thiosunfuric H,5,0,; 12 mdt axit tuang
d¢8i manh

. . + .

- a7t 2.— =
HS,0; =H' + 8,03 1gK, = - 1,72

2. Tinh chét tao phic

Ion S,037 tao duge cic phdc chat it bén voi Mg?*, Ca®t,
BaZ*, Sr?*, Fe?*, Zn®, c4c phic bén CdS,0;, Cu,8,0,, Cu8,0,,
HgS,05, PbS,0,, AgS,05); .

Trong mbi trudng axit cdc phdc nay déu bi phan hay.
3. Tinh chft oxi héa - khi

Ton $,01” ¢6 tinh khit v cing cd tinh oxi héa. N6 bj L,
Fe* (trong méi trudng trung tinh cing nhu axit y&u) va H,0,
(trong mo6i trudng kidm yé&u) oxi hda thanh S40§_.

2- g ot I
28,05” =5,05" + Ze Eg i pg o

= 0,09V
Phan iing gitta iot va thiosunfat -
2- - a2 -
28,057 + Iy 8,0, + 31

x4y ra nhanh via hoan todn, duge dung trong phan tich dinh
lugng d€ dinh lugng cdc chédt oxi hda va khil.
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Cac chdt oxi hda manh (Cl,, Br, MnOj,Cr,03", v.v..) oxi
héa $,0;” thanh SO2".

Chang han, trong méi trudng axit :

S,03” + 6H" + 4e =28 | + 3H,0 Eg o0t ps = 0.5V

2- + o - _

5,03 + 10H" + 8e =2H,8 t + 3H,0 E320§ nHS = 0,6V

Dung dich szog‘ ty phan hty do qu4 trinh ty oxi héa -
kht. Ching han, trong méi trudmg axit :

HS,0; + H =80, 1 +8 | +H,0 © (D)
trong méi trudmng kiém phidn dng xdy ra chidm hon :
2- —an2- 2- +
8,07 + H,0=80; + 8§ + 2H : (2)

Trong khong khi, dung dich 8,05 b ph&n hiy cham béi CO,

tao thanh S va HSO;
2- — ~ ' -
5,03 + H,0 + CO,=HSO; +8 | + HCO,

D€ lam cho dung dich dugc bén ngudi ta thudng thém vao
dung dich Na,5,0, mot it Na,CO; (0,1 g/).

4. Hgp chét it tan

Da s8 cac muéi thiosunfat déu tan.

$,03” tao duge cdc muéi it tan BaS,0;, PbS,0, Hg,S,0;,
Ag,5,0, mau vang ty phan hiy chdm thanh Ag,S mau den.

Tuy v8y, khi cho mét it dung dich AgNO, vao dung dich
Na,$,0, thi khong ¢ két tda xuft hién ma tao thanh plfl.'rc

chat Ag(S,0,3 "
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II - PHAN UNG PHAT HIEN ION S,0%”

1. Phan dng véi dung dich AgNO,

AgNO, tao duge vdi ion szog‘ két tia mau vang Ag,S,0,
bi phan hiy khi dun néng tao thanh Ag,S mau den :

Ag,8,0, + B,0 =AgS | + H' + HSO,

Ché y ring ion S8% ctng cho phan ¢ng twong ty ; ion
Fe(CN)g_ cho k&t tia duc, mau thidm. Cd thé€ tich trudc céc
ion nay bing dung dich Cd(CH,COO},.

2. Phan 1ing cla dung dich (I; - hé tinh bgt)

Dung dich ma2u xanh clha iot - h8 tinh bt (I2 + KI + hé
tinh bot) bi m&t mau khi tdc dung véi dung dich 8,07 &
pH = 7, do I bi 8,027 khi :

- 2_ —— —_— 2_
I; + 25,027 =231" + 5,0

Phai tach trudc S*° va Fe(CN)!™ bang dung dich Cd%*.

§10.3. ION SUNFIT SO0~

I - TINH CHAT CHUNG

1. Tinh chfit axit — bazo

Axit sunfurc H,80, 12 mét axit trung binh & néc 1 va yéu
d nic 2 :

—H* -
H,80, =H* + HSO;, -1,76
HSO; = H' +80%" -721
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vi vy dung dich sunfit ¢ phan ing bazo :
SOZ~ + H,0=HSO; + OH~  IgKk = - 6,79

pH ctia dung dich SO™ 0,1M vao khoang 10.

30, tan khd manh trong nudc, do tan & 25°C vaoc cf 1,4M.

8G, t = SOz(aq)'

¢6 thé dudi SO, ra khéi dung dich béng cach dun sdi hoac cho
khi tro 18i qua. SO, ¢6 mui x6c, lam mat mau cdc chédt hitu co.

2. Tinh chét tao phite

Ion SO%‘ tao duge mot 8 phide chat : Ag(SO3);(2"_1) (lg31_3 =56;
8,68 ; 9,0), Cu(S0,)-2" "D (g8, , =7,85 ; 8,70 ; 9,36), CA(SO,)%"
(g8, = 4,19), Hg(SO,)_(1g8, = 24,07;1g8, = 24,96).

3. Tinh chét oxi héa - khi
Ion sog* cé tin_h khit manh, déng thoi cing dé bi khu bdi
cde chdt khit manh hon.

- Trong dung dich, ion SO%" bi oxi khéng khi oxi héa thanh
sunfat.

Nhiéu chét oxi hda duge SO}~ thanh $,02” hoac SO~

2502~ =8,0Z" + 2e B 52 psoi= = 0,08V
250,(aq) +2H,0 =8,02" + 4H* + 2e Eg 0-mis0, = 0,49V
6
S03~ + H,0 =807" + 2H" + 2 E¢p—jso- = —0,93V
4 3
SO,(aq) + H,0 =807~ + 4H" + 2e E§p-m,s0, = 01TV

Trong msi trugng axit MnO, , Cr,03”, H,0,, Br,, 1,, HNO,,
HNO,, v.v... oxi héa SO, thanh SOZ™.

* 50,(aq) chi 80, tan 1rong nudc.
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- Cac sunfit cang bi nhiéu chat khit manh hon kha thanh
dithionit SZOE_, S, HS™ hoac Szog_‘ Trong méi trudng axit cd

cac qua trinh sau :

SO,(aq) + H,0 + 4H* + 4e =S | + 3H,0 BYo aqrs = 0:24V

SOy(aq) + H;0 +6H" + 6e =H,St + 3H,0 Eg;, (s = 021V

280,(aq) 2H,0 + H* +2¢ = HS,0;7 +2H,0 ESo agmis,or = 01V

250,(aq) 2H,0+ 2H" +4e =28,037+8H,0 B, (o5 01— = 0,40V
Trong méi trudng HCl dac, SO, bi Hg,Cl, Fe?*, CuCl khi
thanh S ; Sn®* khit thanh H,S ; Ti** khi thanh HS,0; va S.
Khi o6 xic tdc (den Pt) thi SO3™ ty oxi héa - khit thanh
SOZ™ va S.

4. Céc hogp chit it tan

Cdc sunfit kidm tan trong nudc. Hdu hé&t cdc mu6i sunfit
khic déu it tan trong nuéc.

Céc mubi it tan ddng chi ¥ : BaSO, (IgK;, = -6,1), Ag,S0O,
(-13,82), CaCO, (-6,5), 8rSO, (-7,4).

Cdac muéi sunfit déu tan trong axit. Trong mét sd trudng
hop (vi du Pb30,, BaS0O,, HgS80,) khi tic dung v6i axit thi
mot phén cdc muéi sunfit it tan bi oxi hda va tac thanh két
tia sunfat tucong dng. '

BaSO, + 2H* =Ba?* + H,0 + SO, 1
280, 1 + 2H,0 + 0, t =2H,80,

H,SO, + Ba?* ==BaSO, | + 2H*
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III - PHAN UNG PHAT HIEN ION SUNFIT

1. Phén dng v&i cdc axit

Axit phan hiy cdc sunfit va khi dun ndng thi cho 80, bay
ra. C6 thé nhan ra SO, dua vao mui x6¢, hoac lam mét mau
gify tdm MnO] hoac dung dich iot tdm hé tinh bot.

Ciing ¢ thé cho khi bay ra 16i vao dung dich Ba** 6 HC!
va H,0,. Khi dd SO, bi oxi hda tao thanh H,50, va ta sé duge
-két tia BaSO,.

Céac ion §%7,8,027 cho phan ing tuong tuy.
273

2. Lam mét mau nude fusin

Dung dich nudc fusin bj ion sunfit lam mit mau & pH = 7.
Céc ion S% cho phan ung tuong tu, phai duge tach trude.

§10.4. ION SUNFAT SOj

I - TINH CHAT CHUNG

1. Tinh chit axit - bazo

H,80, 1a axit manh & ndc 1.

Ion HSO; 13 axit tuong d8i manh :
HSO; =H" + S0}~ gk = -1,9

Axit sunfuric khéng bay hoi & nhiét d¢ thudng, bat ddu bée
khoi tréng & 160°C do phan hiy thanh 8O, va H,0. N¢ duge
diung d€ du6i cdc axit d& bay hoi hon (HCI, HNO,,...) ra khéi
mudi cia ching.

176



2. Tinh chédt tao phuc

SOE' tao duge phic chit it b&n voi moét s6 ion kim loai da
héa tri, vi du CaSO, (g8 = 2,3), CdSO,, Cd(80,)%7, cac phdc
chat sunfat Ce(IID), Ce(IV), sunfat Th(IV), sunfat Zr(IV).

3. Tinh chét oxi héa - khi

Ion S02” khong bi khit trong dung dich lodng, khi ngudi.

H,80, dac bi I khi khi ngudi. Khi dun ndng thi nhiéu kim
loai khit duge H,SO, dac thanh SO, (vi du Cu, Ag, v.v...) va
H,S (Zn, Al v.v..).

Ion SOE' chi bi oxi hda thanh szog' bing phuong phép
dién phén.
4. Hgp chét it tan

fon sunfat tao dugc mot s6 mudbi it tan trong nudc : kiém
thd sunfat, chl sunfat, mot s6 sunfat bazo cia Hg(l), Bi(IIl),

V.V

Céc mu6i sunfat khé tan trong nuéc thudng tan it trong axit
manh (vi H,80, la axit manh).

II - PHAN UNG PHAT HIEN ION SO~

Phén ing véi ion Ba®*

Trong dung dich axit, ion Ba?* tao véi ion SOE" két tua
tring BaSO,.

Chu y ring cdc ion SiFg_, SeOi_ ciing cho k&t tua tuong tu.
Mot s6 chat khd nhu s, SZO?,SO?, bi oxi hda trong méi

trudng axit, trung tinh hodc kiém dé€ cho ion SOi_. Ion S%_ cho
k&t tia S mau tring.
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§10.5. ION PESUNFAT, 5,05

I - TINH CHAT CHUNG

Axit pesunfuric H,8,0, ]2 mot axit manh. Héu hét cic muéi
pesunfat déu tan. K,S3,0, BaSZO8 it tan. Khi dun séi, BaS,0,
bi phan huy thanh Ba%O it tan trong axit, Ag,8,0; tan
nhung dung dich hda nau cio tao thanh Ag)O.

szog* la ch&t oxi héa manh :
2= + — 2— D _ - ==
8,08 Ze =2280; Eszog 12502 2v
Trong da s6 trudng hop, phan dng oxi hda bai 3205_ X4y ra

.cham. Khi dun néng cd Ag' xic tde, ion szog“ oxi hda duge
Mn® thanh MnOj, Ce(Ill) thanh Ce(IV), Pb?* thanh PbO,.

Ion NH, bi 8,05 oxi hda cham thanh N, va NOj. Ion $%"
(mbi trudng trung tinh hoac axit), ion Br, I (moi trudng axit)
déu khi duge S,03”.

Dung djeh nuéc cia szog‘ bi phan hiy cham cho oxi bay ra.

It - PHAN UNG PHAT HIEN 8,0}

Phdn ung véi benzidin

Trong moi trudng trung tinh, ion S,02" oxi hda benzidin

AL

tao thanh hgp chd4t mau xanh.

Chd ¥ ring, nhiéu chd&t oxi hda cho phan ing tuong ty
(MnO, , CrOﬁ‘ , Fe(CN)g_ 10, ,ClO7, v.v..).
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Chuong 11

CAC ANION CUA NITO, PHOTPHO VA ASEN
N = 14,007 ; 15’ 28 2p°, P = 30,97 ; (Ne) 3s® 3p’
As = 74,92 ; (Ar) 3d" as® ap’

Nitd, photpho, asen & nhdm V cla bang tudn hoan, cd céc
trang thai oxi hda ti -III dén +V. Cac trang thai thudng

gap cua nito 1a NO,  NO;, cia photpho la POiﬂ va asen la
AsO}™ va AsO;”.

§11.1. ION NITRIT, NO2

1. Tinh chét chung
Ion NO, bén, axit nitro HNO, it bén, 12 mdt axit y&u :
a1t - -
HNO, =H" + NO; 1gK = -38,29
Ion NO, tao dugc phte chét it bén voi Ag", Ca®*, Cu®*, TI,
Pb?*. Phuc cha NO, voi Hg”* tuong d6i bén (g8, = 18,54).

Phic voi Co*, Co(NO,);” kha bén, tao dugc muéi it tan
K,NaCo(NO,),.
NO, cd tinh oxi héa (trong madi trudng axit) :

HNO, + H" + e ==NO t +H,0  E}yxono = 098V

Mat khée, NO, clng bi oxi hda bdi cdc chdt oxi hda manh
hon.

NO; +20H™ =NOj +H,0 +2 ERo-no; = 0,01V

(mdi trudng trung tinh hoac bazo)
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HNO, + H,0 ==NO; + 3H" + 2
c e . _ - v
{méi trudng axit ) E‘;IOJ /HNO, 0,94
Trong moéi trudng axit NO, bi oxi hda bdi MnO,, H,0,.
HNO, oxi hda I" trong méi trudng axit : _
2HNO, + 31" + 2H" =2NO t + I + 21,0
IgK = 2 (0,98 - 0,535) /0,059 = 15,1
nhung trong méi trudng trung tinh, ion NO; lai bi iot oxi hda :
NO, + I, + 20H" =NO; + 3l + H,0
lgK = 2(0,535 - 0,01)/ 0,059 = 17,8
NO, ciing cd th€ bi cdc chdt khit manh hon khi thanh NH,.
Mng dung dich axit cia NO, cé xiy ra phan ing tu oxi
hda -~ khu
3HNO, =HNO, + 2NO t + H,0
NO bi oxi héa trong khoéng khi thanh NO, mau nau.

II - PHAN UNG PHAT HIEN ION NO,

1. Ion MnO, bj mit mau khi cho tic dung vsi dung dich
axit cia NO, vi bi khit thanh Mn?*. Nhiéu ch&t kh¥ khic cing

cho phan dng tuong tu (SO%‘,Sz',Czoi_, v.v.).

2. Ion I” bi ion NOZ_ trong mbi trudsng axit oxi hda tao thanh
I; méau niu nhat hodac hda xanh dung dich hé tinh bét. Nhisu
chit oxi hda cho phan dng tuong tu.

3. Thudec thit Griess

Hén hgp axit sunfanilic (H{,NC,;H,SO,H) va a - naphtylamin
(CyH,;NH,) tdc dung v6i ion NO, cho mau dé cia hop chét azo :
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NO3 +H.2NAO-SO_‘H + M — NEN*—Q— SO,H + 2H,0

Axit sunfanilic
N sN*—O— SOH + m —_ HO.S —QN =N

o - naphtylamin

Phan ung kha nhay déi v6i ion NO,. Hop chédt azo hép thu
cue dai & A = 520 nm v6i hé sd hip thu phan tu
Espp = 4. 10%

Ion S can trd phan dng, o6 thé tich trude bang
Cd(CH,C00),. Cac ion 8O3, 8,05 lam giam dé nbay. Cr(VD)

cho mau xanh ve dam.

§11.2. ION NITRAT, NO,

I - TINH CHAT CHUNG

Axit nitric 12 axit manh, vi vy ion NO; la bazo v6 cung y&u.

NO; tao dugc mdt s§ it phdc chdt it bén (véi Th*, Bi**,
T, v.v.).

T4t cA cdc mubi déu tan, trif mdt s6 mudi bazo nhu BiONO,,
HgOHNO; (chl tan trong axit manh).

Ion NOjJ la chét oxi hda manh. Thy theo chdt khit va tuy
theo néng d¢ ion NO; ma nd cd thé bi khi thanh HNO,, NO,,
NO, N,, NH; :

NO; + 3H" + 2e = HNO, + H,0 E° = 0,94V
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NO; + 2H* + e =NO, t + H,0 E° =080V

NO_;,‘ + 4H* + 3e ::NO ++ 2H O E° = 0,96V
ZNO; + 12H* + 10e -.—N T+ 6H20 E° = 1,24V
NO; + 10H* + 8e FNH+ + 3}120 E° = 0,87V

Trong méi trudng axit, Fe?t va nhidu kim loai (Cu, Hg, v.v...),
kht NO; thanh NO, céc chdt khit manh hon (Al, Zn trong méi
truong kiém, V**, Cu?' trong moi truong axit) khi NO; va
NO; thanh NH;.

II - PHAN UNG PHAT HIEN ION NO,

1. Phan ting cta Cu va H,S0, dic

Trong méi trudng axit HZSOI dic, ion NO; oxi hda Cu tao

thanh NO va sau dé NO bi oxi hda bai khong khi tao thanh
NO, mau nau. :

2. Phan ung cua FeSO, va H,S80, dic

Ion NOy bi Fe?" khit thanh NO trong méi trudng H,SO,.
NO sinh ra tao vdi FeSO, thanh phdc chdt sunfat nitrozil,
[FeNO]SO, mau nau, xuft hién & ranh gidi tidp xac cia H 230,

dac va dung dich nudc. Phic khéng bén, bi phan hay kh1 léc
dung dich ecling nhu khi néng. Phan Wng x4y ra ca d6i vdi ion

NO,. Khi thuc hién phan itng t6t nh&t la trén mét it dung dich

thi v6i FeSO, r6i cho H,50, dac chay theo thanh &ng nghiem
vae dung dlch 4 ranh glOl tlé’p xuc cua H SO4 véi dung dich
nufc sé cd mau nau.

3. Thudc thi Griess

Co thé tién hanh phdn dng vdi thude thi Griess sau khi khi
ion NQ; thanh NO, bang bot Zn.
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§11.3. ION PHOTPHAT POj”

1 - TINH CHAT CHUNG

Axit orthophotphoric H,PO, 12 mét da axit 3 ndec, trung binh
d nic 1, yéu & ndc 2 va rit yéu ¢ nic 3 : .

H,PO, =H"' + H,PO, IgK, = -2,23
H,PO; =H" + HPO]” gk, = -7,21
HPOZ™ =H" + PO}~ 1gK, = -12,32

Dung dich NaH,PO, ¢ phdn dng axit yéu (pH = 4,7 va
dung dich Na,HPO, cdé phan ting bazo yéu (pH = 9,7. Dung

dich POi_ c6 phin iUng bazg manh (pH cta dung dich Na,PO,
0,01M vao khoang 12,2).

Ion HPOZ™ tao dugc cac phic bén véi Fe¥* Fe(HPO)G ~ 2
(1gB, = 9,75 ; lg8, = 18,5), v6i Fe?* FeHPO, (g8 = 7.2),
Cr3* CrHPO; (ig8 = 9,45) voi UOS" (IgB, _, = 8,43; 18,57) vacac
phic {t bén CaHPO,, CuHPO,, ZnHPO,, MgHPO,, NiHPO,, v.v...

Mot s6 phdc it bén cia hidrophotphat H PO, v6i Fe*
AP, Cu?.

Cic photphat kiém, amoni tan trong nudc. Cac photphat khdc
it tan trong nuéc, nhung tan it nhiéu trong cdc axit.

Cac mudi monohidrophotphat va photphat trung tinh cia céc
kim loai kiém thd it tan trong nudc : BaHPO, (1gK,
CaHPOQ, (-7}, StHPO, (6,2}, Ba, (PO ), (-22,5), Ca3(P0 )-,( 26)
813(PO4)2 (-27,4).

C4c mudi photphat tan trong cédc axit do tao thanh ion
hidrophotphat hodc axit photphoric it phan li :

BaS(P04)2 { + 4CH,COOH =3Ba"" + 2H,PO; + 4CH,C00"
1gK = ~2,5
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lIon PO;” tao dugc két tda trdng tinh thé ZnNH,PO, (&
pH = 6) va MgNH,PO, (pH = 9).
Cac ion photphat khéng bi khi.

II -~ PHAN UNG PHAT HIEN ION PHOTPHAT

Phdn ing cda amonimolipdat (NH,),MoO,

1. Trong dung dich HNO,, céc ion photphat tao véi amoni-
molipdat két tha vang amoniphotphomolipdat :

H,PO, + 12MoQ;” + 3NH; + 21H" =
= (NH,),;H,[P(Mo,0,) { + 10H,0

Cae ion AsO} ,Si0" cho két tia tuong tu
(NH,);H,[As(Mo,0,)], (NH,),H,[Si(Mo,0,),} khi dun ndng. Tuy
vay, khi cd mat ion tatrat thi cd As 14n Si déu khong cho phan
dng vi ching tao phic bén véi tatrat. Cdc ion F~, CI”, tao phic
it nhidu v6i Mo(VI), lam gidm dé nhay cia phan dng. K&t taa

amoniphotphomolipdat tan dugc trong kiém du, trong dung dich
NH, :
3

(NH,),H,[P(M0,0,)] { +240H" ~»3NH, + 12Mo02~ + PO}~ +
+ 14H,0

2. Axit photphomolipdic H,[P(M0,0,).] cing nhuy muéi cia
né {vi du (NH,),H,[P(Mo0,0,),] cé tinh oxi héa. NS oxi héa duge
nhiéu chdt khi hitu co va v6 ¢d ma chinh ban than axit molipdic
khong oxi hda dugc. Ching han, Sn?* bj amoniphotphomolipdat
oxi hda. Phdn dUng tac thanh xanh molipden ¢6 mau xanh.
Benzidin khit amoniphotphomolipdat (trong méi truong dém
axetat) thanh 2 sdn phdm mau xanh lA xanh benzidin (do
benzidin bi oxi héa) va xanh molipden (do axit molipdic bi khu).

Phan ing khi nhay, cho phép phat hi¢n cac lugng vét PO}

Chu ¥ ridng, cdc cﬁﬁt khtt manh cd thé khu axit molipdic
thanh xzanh molipden.
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§11.4. CAC ANION CUA ASEN

As = 74,9 ; (An) 3d'0 452 4p°

1 - TINH CHAT CHUNG

1. Tinh chdt axit - bazd

a) Trong moi trudng axit dac, As tén tai dudi dang cation
AsO* khong mau. Axit asend H,AsO; 1a mdt axit rdt yéu, tan
trong nude (1Igk = -9). Trong dung dich kiém (pH > 10,2) t6n
tai du6i dang anion asenit AsQj, ¢6 ca HABZO;.

Asen oxit As,0, tan trong cdc dung dich kiém manh va
HCl dac. '

b) Cédc cation cta As(V) khong toén tai. H3A50 4 14 axit 3 néc,
khong mau, tinh chdt gin giéng H,PO,.

HAsO, =H" + HAsO, lgK, = - 2,19
H,AsO; =H' + HAsO]” igk, = - 6,94
HAsOZ™ =H" + AsO} IgK, = - 11,50

2. Tinh chét tao phie

As(III) tao phic v8i ion Cl” trong dung dich HCl : AsOC],
AsOHCIL,, AsCl, :

H,AsO, + H" + C1” =xAsOCl + 2H,0 Igk = - 1,1.

As cling tao phdc thio v6i jon 877, vi v8y As S, va As,S,
cing tan trong kifm va sunfua kiém :

AsS, | + 387 =2As8)”
AsS, | + 38¥ =2AsS}”

Khdc vdi antimon, asen sunfua tan duge cd trong bazo kiém
rdt yéu nhu (NH,),CO,, dung dich NH,.
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As(V) tao phic véi tatrat, tao phde di da véi Mo(VI), W(VD),
cac phic vdi cde poliancol.

3. Tinh chét oxi héa - khir
a} Asen cd thé bi khi thanh asin AsH, :

As + BH" + 3e =AsH,? Ej gash, (dd bdo hoa) = 0,60V

Zn (B9 2+, = —0,76V) khit duge As thanh AsH,.
b) As(II) ¢d thé bi khit thanh As :
— + — _ .
AsOy +4H' + Be==As| +2H,0  EQ o, = 0,248V

Trong dung dich HCl dac, Sn khi r4t cham HAsQ, thanh
két tha keo As mau niu.

¢) H,ASO, + 2H' + 2 =H,AsO, + H.O E° = 0,56V
3 4 3 3 2

Th€ cd gia tri trung binh, H;AsO, chi bi kh¥ trong méi
trudng rat axit v van t6c phan dng cling rft chdm. Ngay &
pH = 0,5 chi ¢d céc chéit khit r&t manh méi khit duge H AsO,
va van tfc cling rdt chdm. D€ ting téc d6 phan dng tl?lubng
- dung mét s6 chét xdc tde, vi du L/2I". Céc chdt SO, Sn?* khi
duge H,AsO s khi cd xic téc.

H,AsO, bi oxi hda trd lai thanh H,AsO, rdt cham, ngay ca
voi cac chit oxi hda r4t manh. Tuy vay, khi ding xdc t4c thi
phin dng xay ra nhanh hon. Ching han, Ce(IV) hoic MnO} oxi
héa rat cham As(III) thanh As(V), nhung khi cd I, 1am xdc tdc
thi phdn dng xiy ra nhanh hon.

O day : 2Ce(IV) + I, =2Ce(Ill) + 2I(I) (nhanh)

2K + As(Ill) =1, + As(V) (nhanh)

2Ce(IV) + As(Ill) =2Ce(IID) + As(V) (nhanh khi cd 12)
d) Trong dung dich kiédm As(IiI) th& hién tinh khit manh hon :

AsO}” + 2H,0 + 2e ==AsO; + 40H"

EoAsoi Tias0, = ~0,67V
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ching han & pH = 8.

3-.
. 0,059 [AsO;T 9059 .
EasoyTinso] = 08T+ T lepany — Ty 18100

3'_
0,059 1AsO;]
= 0,038 + ——1lg 0] < Epp

- (= 0,55V)

vi vay I, bi As(III) khi thanh I".
Nguge lai, trong dung dich axit, (vi du [H] = 2 ion-g/D)

0,059 [H:AsO) o059
0,069 [H3AsO,]

2 B[HAS0]

= 0,68 +

nén I lai bi oxi hda thanh I,.

II - PHAN UNG PHAT HIEN As

1. (NH,),MoO, khi ¢c6 HNO; (pH < 1) tac voi AsO}” két

tda vang aseniomolipdat :

AsO}™ +12Mo0?” +8NH] + 24H' = (NH,),H,[As(Mo,0,),]}
+ 10H,0

As(IIT) dugce oxi hda trudc thanh As(V) biang cdch dun s6i
vii HNO3. K&t tda tan trong kiém. Phan dng thyce hién t6t khi
cd lugng du NH4NO3 va & nhidt d6 100°C.

Ion PO;” cho phan Wng tuong tu.
Cac chéit c6 thé khit Mo(VI) va As(V) can trd phan dng.

2. Khit asen thanh asin

Céc hgp chit cla Aa(III) vad As(V) bi Zn khi trong méi
trudng axit thanh AsH,
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AsO}™ + 4Zn + 11H" — AsH, t + 4Zn®" + 4H,0

Trong moi trudng kiém, Al khit As(IIT) thanh AsH,. Cd thé nhén
ra asin bing phan dng trén gidy tdm AgNO, : ta sé dugc vét dm
mau vang dén den trén gify do Ag" bi khir thanh Ag kim loai.

Chiuwong 12
CAC ANION CUA CACBON VA SILIC
C = 12,01 ; ts?2s?2p?, Si = 28,08 ; (Ne) 3s23p?

Cacbon va silic nAm trong nhém IV cta bang tudn hoan. Cd
cdc trang thai oxi hda tit -4 dén +4. Céc jon thuing gip trong

dung dich nuéc cta C 12 CO%7, CN”, SCN-, CH,C00", C,077,
HCOO™, v.v.., cta Si la SiO%_.

§12.1. ION CACBONAT CO0%~

I - TINH CHAT CHUNG
Ion cacbonat 14 mét bazo, vl axit cacbonic la mdt axit rit yéu :
H,0 + COy(aq)” = H* + HCO; -6,35
HCO; = H* + CO%“ - -10,33
pH ciia dung dich COJ™ 0,1M vao khoang 11,7.

pH ctia dung dich HCO; vao khoang 8,3 va pH cta dung

dich bao hda khi CO, (do tan cia CO, = 3.10"2 M & 25°C) vao
khoidng 4.

» CO,(aq) chi CO, tan trong nudc.
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Khi axit hda cdac dung dich cacbonat thi co CO, bay ra.

C6 thé dudi CO, ra khéi nuéc bang cich dun s6i hosc cho
mot luéng khi tro (N,, khéng khi sach) 16i qua.

Ion HCO; tao duge mét s6 phic chét it bén véi mét s6 ion
kim loai : CaHCO; (1g8 = 1,26), MgHCO] (1,16), MnHCO;
(1,8), v.v...

Cac cachbonat kim loai kiém, amoni tan, cdn cdc cacbonat
kim loai khae thi it tan trong nuédc.

II - PHAN UNG PHAT HIEN ION CO2~

Phdn dng vdi ecdec axit
Cac axit tac dung véi ion 002* lam giai phéng CO,. D& nhéan

ra CO, cd th€ dung nudc véi trong Ca(OH), hoac nudc barit
Ba(OH)2 Céc dung dich nay héa duc khi gap CO vi trd thanh
mu6i cacbonat it tan. Tuy vay khi cd du CO, thl dung dich lai
trong sudt vi tao thanh mudi hidrocachonat tan :

Ba(OH), + CO, +==BaCO, | +H,0

BaCO, | + CO, + H,0 =Ba(HCO,),

D& phét hién jon CO;™ t6t nhdt la ding

dung cu nhu § hinh v& 6. Trong 6ng nghi¢m
a dyng dung dich phan tick. Trong 6ng nhé
giot b dung dung dich Ca(OH)2 hoac Ba(OH),.

Khi axit hda dung dich a thi khi CO, bay
lén lam duc dung dich trong ong b.

Cac jon SO37, S,02” can tré phan wng vi

khi bi axit hda sé cho 80, bay ra cing lam
duc nudc véi hodc nude barit do tao thanh  mmk s Dyng cu
CaSO3 hodc IE'.&SO3 it tan. phat hién ion COi_

189



D€ tranh anh hudng can tré cda cdc ion nay ngudi ta oxi hda
ching trude bang H,0,. Cing cd thé phan biét két taa cacbonat
vai k&t tha sunfit bing tac dung cia H,80, khi cd KMnO,.

Dung dich KMnO, sé mit mau do bi SO, khu.

§12.2. ION XIANUA, CN~

I - TINH CHAT CHUNG

Ion CN 12 m6t bazo, vi axit lién hgp axit xianhidric 14 axit
rdt yéu :
HCN =H" + CN~ lgK = -9,356
pH ctia dung dich CN~ 0,1M vao khoang 11.
Axit xianhidric s6i & 26°C, tan trong nude, ¢ mui hanh

nhén, vé citng déc (ham lugng 0,0003 mg/l caa HCN trong
khong khi da c6 thé€ gay ngd doc chét ngudi !).

Khi dun ndng cdc dung dich CN™ & pH < 9 thi HCN da
bay ra. Vi vay phai hét sdc cfn th4n khi diéu chinh pH cda
cdc dung dich CN .

Cdac xianua kiém, amoni tan trong nudc. Da s§ cée xianua
khdc khé tan trong nudec, nhung mot s6 16n tan trong CN™ du
do tao phidec xianua bén.

Chang han, AgCN it tan trong nuéc (Igk, = -15,8) nhung

tan trong thudc thi do tac phic bén
AgCN | +CON™ =Ag(CN);  lgK =53

CN™ tao duge phic kha bén véi Ag* (g8, _, = 21,15 21,8 ;
20,67), Co®* (1gB, = 19), Cu' (IgB,_, = 24 ; 28,6 ; 30,3), Fe’*
(g8, = 42,0), Fe** (g8, = 35,0), Hg** (g8, _, = 18 ; 34,7 ;
38,5 ; 42,5), Cd** (g8, = 18,85), Ni** (g8, = 22), Zn®
(g8, = 12,6), Cu™* (g8, = 25).
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Do khd nang tao phic bén nay ma ngudi ta thudmg su
dung ion CN™ dé€ che céc ion can tré khi phdt hién céc ion.
Ching han, dung CN™ d€ che Cu®* khi lam két tia Cd?* bang
H,8, vv..

HCN ¢d tinh khd. Chang han,

ZHCN =(CN), + 2H" +2e  Efcy pucn = 0,37V

va sau dd :
(CN)2 + 2H20 =2HCNO + 2H" + % E?{CNO;(CN)Z = 0,33V

Phan dng oxi hda - khit xay ra cham trong méi trudng axit.

I - PHAN UNG PHAT HIEN ION CN~

Hoéa tan CuS

Két tia niu den CuS méi ché tan dé trong dung dich chua
CN™ do tgo phite Cu(CN)}™ bén.

2CuSy + 10CN™ =2Cu(CN);~ + (CN), + 287"

§12.3. ION THIOXIANAT SCN~

"1 - TINH CHAT CHUNG

f)ung dich nudc cia SCN™ c¢é phan tng trung tinh vi HSCN
lda mét axit tuong d6i manh :

HSCN =H" + SCN~ Igk = -0,85
Cdc mubi thioxianat d&u tan trong nuéc tri AgSCN

(g, = ~12) ; Hg,(SCN), (-18,5) ; CuSCN (-14,3) ;
Pb(S8CN}, (-4,7). Cac musi ndy it tan trong cdc axit.

Ion thioxianat tao dugc phidc ch&t véi nhidu kim loai trong
dé nhiéu phdc ch&t ¢ mau : Fe(SCN) mau dé (n = 1 - 5),

Co(SCN), (n = 1 - 4) mau xanh, MoO(SCN)?™ mau dé, v.v...
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Cac mudi phdc thudng tan trong céc dung méi hitu cg nhu
ete, rugu, axeton.

Ion SCN™ 1a chat khi :
SCN™ + 4H,0 ==50%" + 7H" + HCN + 6e

II - PHAN UNG PHAT HIEN ION SCN™

Tgo phuc vgi ion Feot

Ton Fe3* tao duge voi SCN™ phdc mau dé mau :
Fe* + SCN™ =Fe(SCN)_ © ™%

g8, (n = 1 - 5) = 3,03; 497 ; 6,37 ; 7,17 ; 719,

Cfn thuc hién phan dng trong mdi trudng axit d€ ngan ngua
phan dng tao phuc hidroxo cua Fe3* vén xay ra rdt manh :

Fe?* + H,0 =FeOH* + H'  IgK = -2,17

Céc chit khit manh khit Fe** thanh Fe2*, cac chét oxi héa manh
oxi hoa SCN™, céin dugc tach truéc. Trong trudmg hop nay méi diu

ngudi ta lam ket tua cac ion Fe(CN)g~ va Fe(CN);™ bang Zn?t va

Ba2*, sau khi tach két téa ngudi ta tiép tuc lam két tda cdc jon
halogenua va c& SCN~ bang AgNO, réi hoa tan két tia thu duge
trong lugng it NH, d& chuyén SCN™ vao dung dich (cung véi Cl).
Axit héa dung dich bing HCI r6i tim SCN™ bang Fe™.

§12.4. ION AXETAT CH,COO"

I - TINH CHAT CHUNG

Dung dich CH,COO™ ¢6 phan dng bazg y&u vi axit axetic la
axit y&u :
CH,COOH =CH,CO0” + H™  -4,76
pH cia dung dich CH3COO_ 0,1M vao khoang 8,8,
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Axit axetic dé bay hoi, ¢cé mui didm dic trung.

T4t cA cédc mudi axetat déu tan trong nudc. it tan nhat la
- AgCH,COO (gK, = -2,7) va Hg,(CH,CO00), (~14,7).

Ion axetat tao duge mét s8 phic chdt tucng déi bén vai Fe’t
(g8, -5 = 3,38 ; 6,1 ; 87, vai Fe?* (g8, ., = 3,2 ; 6,1 ; 83),
véi Pb?* (lg8, _, = 2,68 ; 4,08 ; 6,48 ; 8,58), vai Cd**, Ce™,
La**, In*, zn?, T1*, UO%+, v.v... Phic v6i Hg?* kha bén
(lgB, = 8,4).

I - PHAN UNG PHAT HIEN ION CH,COO™

1. Tao phic v6i Fe’*
lon CH,COO™ tao phic mau dé che vdi ion Fe®,

Khi dun ndng xuft hién k&t tha d6 n&u axetat bazo
Fe(OH),CH,COO.

2. Phan dng tao este etyl axetat

Khi ¢ H,8Q,, rugu etylic tac dung véi axetat tao thinh este
etyl axetat cd muii dac trung

CH,COOH + C,H,OH ==CH,COOC,H, + H,0

Téc do phan d@ng tang nhanh khi dun ndng. Mot it A;gNO3
hodc Ag,S0, xdc téc cho phan dng.

§12.5. ION OXALAT C,0%

1 - TINH CHAT CHUNG

Axit oxalic la axit hai ndc :

H,C,0, =H* + HC,0;  1gK, = -1,25
HC,0; =H" + C,0;” IgK, = 4,27
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I)ung'dich oxalat kiém cé phan dng bazo yéu. pH cta dung
dich Czoﬁ' 0,1M vao khoang 8,6. Cac oxalat kifm, amoni tan
trong nude, cdc oxalat khic déu it tan trong nuéc nhung tan
dudge trong cdc axit vé6 cd manh.

Ion Czoi_ tao duge phitc chdt v4i nhiéu kim loai. Cic phic

chét it bén véi Ag’, Ba?', Ca®*, Mg, Sr?’, v.v...,, cdc phdc chit
tuong d6i bén voi Ca**, Co?, Cr**, Pb¥, Mn**, Zn**, v.v..,
cic phic kha bén vai Fe** (g8, _; = 94 ; 16,2 ; 20,2), Mn**

(B, _5 = 9,98 ; 16,57 ; 19,42), A (g8, _, = 7,3 ; 13 ; 16,3),
Th**, In?*, v.v.. '

Ion CZOi_ vA axit oxalic c¢d tinh khi manh :

H,C,0, +2C0, +2H" +2¢  Ejcomco, = ~049V

Trong mdi trudng axit H20204 khi duge Mn04_ thanh Mn?%*.

Phan dng nay duge ding dé chufn héa dung dich KMnO, bing
H,C,0,. Phan dng x4y ra chdm khi ngdi va nhanh khi dun néng.

Il - PHAN UNG PHAT HIEN ION OXALAT

1. Phan dng véi dung dich KMnO,

Trong dung dich H,80,, khi dun ndng ion oxalat lam mét
mau dung dich KMnO, va cho CO, bay ra :

5C,02” + 2MnO; + 16H" — 10CO, + 2Mn** + 8H,0

Né&u trong dung dich ¢d ci ion CO%' thi méi ddu ecdn axit

héa dung dich va dun d€ dudi hét CO, Sau d6 thém KMnO,
vao : dung dich KMnO, mit mau, d6ng thdi c6 CO, bay ra

chiing t6 cé m4t cia ion CZOE_.

2. Phan tng v6i muéi Calt

Ion C,02” tao véi ion Ca®* két tia trdng CaC,0, khéng tan
trong CH,COOH nhung tan trong céc axit vo co.
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§12.6. ION SILICAT SiO%”

I - TINH CHAT CHUNG

Axit silic H,8i0, 13 mét axit 2 ndc rdt yéu :
H,8i0, ==H" + HSiO; 1gK, = -9,7
HSiO; =H" + 8i0}" 1gk, = -11,8

Vi vay ion Siog_ bi proton hda d& dang dudi tdc dung cia
cic axit, k€ cd axit rdt y&u nhu axit cacboniz, ion NHI. Phan
ing tac ra dung dich keo cia gen axit silic giadu nudc
H,S8i0,.nH,0.

Dung dich keo ctia axit silic thuing rit bén. Viéc thém chit
dién 1i khong lam déng tu d& dang keo silic. Mudn lam dong

tu keo silic ngudi ta thudng thém dung dich gelatin 0,3% trong
mdi trutng HCl 6N khi dun ndng. .

Axit silic méi ché& tan duge trong dung dich Na,CO, khi dun
néng nhe : '

H,Si0, + Na,CO, = Na,8i0, + CO, t + H,0
"Khi nung nhe (100 - 120°C) ké&t tta gen axit silic v6i HCl
thl sé duge 8i0, khé tan. N&u dun néng 8i0, véi HF o6 lan

H,80, dac thi s& c6 SiF, d& bay hoi va ¢ th€ dubi dé dang.
Bang ciach nay cd th€ tdch Si ra khdi cde oxit kim loai khic.

Cac silicat kiém tan trong nudec. Cac silicat khac khd tan.
Trong dung dich nudc, Si tén tai dudi dang céc ion SiO%~

SiFZ™, c4c anion cia phdc di da.

Il - PHAN UNG PHAT HIEN ION Si0%

1. Phan dang tao thanh axit silic

Khi axit hda cac dung dich silicat thi tac thanh k&t tia trang
keo axit silic. Tuy diéu kién phan dng cd thé cd k&t tia gen
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hoac tao thanh dung dich keo. Viéc thém mudi NH,Cl hoac
NH,NO, 6N va khi dun néng lam cho két tia keo dong tu
dé hon

2, i’hz’m ung vdi amoni molipdat

a) Ion silicat tao voi (NH,) ,MoO, trong dung dich HNO,
phic chdt silicimolipdat tan mau vang.

H,8i0, + 16H" + 12Mo0Z” =Si(Mo,0,)5” + 9H,0

b) Cing nhu phic photphat, phic silicimolipdat bi benzidin
va nhiéu chdt khi khdac khi thanh hgp chd4t mau xanh.

Ion POi', Asoz_".cé.n tré phan dng vi cho phan dng tudng tu.

c¢) D€ tranh anh hudng can trd cia P, As ngudi ta khir phiic
chét silicimolipdat khi ¢ m#t cia axit oxalic. C6 thé diing chét
khir 1a benzidin hosic Sn?*, Fe?*.

Chuwong 13
CAC ANION CUA BO
B = 10,82 ; 1s%2s%2p"

Bo & nhoém III cta bing tudn hoan. Trong dung dich nuédc
cd ecdc ion Bog_, BO;, B40%L vid cAc anion phic.
I - TINH CHAT CHUNG

Axit orthoboric tan vita phai trong nuéc (5g trong 100g nuéc
d 20°C) la axit ba ndec, rdt yéu :

H;BO, =H" + H,BO; gk, = -9,24
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H,BO; =H" + HBO?™  IgK, - -1274
HBO}™ =H' + BO}  Igk, = -188
Axit metaboric HBO, ciing 1a axit y&u :
HBQG, =" + BOZ' gk = -9,1
Axit tetraboric H,B,0, la axit manh hon nhiéu :
H,B,0, =H' + HB,0,  IgK, = 4
HB,O; =H" + B,03” 1gK, = -9
Ngudi ta chua bigt dugc mudi cia axit orthoboric, chi ¢d cde
muéi cia axit meta vA tetraboric.

Da s6 cdc muéi borat déu khd tan trong nuéc, chi ecd céc
mudi kim loai kiém va amoni la dé& tan trong nudc.

‘Natri tetraborat la chat rin két tinh Na,B,0,. 10H,0. Dung
dich nudc cd phan dng bazo :

' B,0}” + H,0 =HB,0; + OH” ‘ igk, = -5
HB,0, + H,0 =H,8,0,+O0OH lgK = -10
" Sau dd H2B407 bi phan triung hgp tao thanh axit orthoboric.
H,B,0, + 5H,0 = 4H,BO,
pH cia dung dich natri tetraborat 0,1M vao khodng 9,2

Khi trung hoa dung dich natritetraborat bing HCI thi sé tao
thanh axit H;BO, ¢d pH vao khoang 5,1.

Axit boric tao v8i ecfic rugu da chic nhiing axit phic :

axit manitoboric HBO,IC H(OH)],, glixerinoboric HBO,{C,H(OH),],
va cdc mudi tuong dng. Cac axit nay la nhirng axit manh hon
axit boric nhiéu :

HBO,{C,H (OH),], =H* + BO,IC,H(OH),l;  lgk = -6,52
HBO,[C,Hg(OH) ], = H* + BO,{C H,(OH),l; 1gK = -5,2
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II - PHAN UNG PHAT HIEN BO

1. Phan dng vdi rugu

Khi ¢ H,50, dic, axit boric tao véi céc rugu (etylic, metyllc
glixerin) nhiing este

3CH,OH + H,BO, =(CH,),BO, + 3H,0
Céc este nay dé€ bay hoi, khi chdy cho ngon lta mau xanh lue.

2. Phan ng véi gifly nghé

Gify nghé dugc tdm dung dich borat da duge axit héa bing
HCI1 khi 1dm khé sé c6 mau dé thdm. Khi cho phan idng véi
NH, hoic (NH,),CO, mau dé sé chuyén sang den hoi xanh luyc.

HCI dac, Fe*', MoO2™, Ti**, NbO*, TaO], Zr** can trd phan

ing vi cing cho mau d4. Tuy vAy mau cia ching gy ra sé
khong ddi khi cho tdc dung véi kiém.

Churang 14

5 HU‘QNG DAN THUC,HANH
VE PHAN UNG CUA CAC ANION

I - PHAN UNG CUA ION CI~
1. Phan Ung véi dung dich AgNO,

a) Ldy 2 giot dung dich NaCl, thém 2 giot dung dich AgNQ,.
Li tam 14y két tda chia lam 3 phdn. Thém vao méi phdn l4n
lugt 2 giot cha cdc dung dich NH; 2M ; (NH,),CO; 2M va hén
hop dém bac (AgNO, 0,010, NH3 025M va KNO, 0,25M). Li
tdm ldy dung dich nuéc trong (n&u cdn két tﬁa) réi cho tac
dung v8i 2 giot dung dich HNO, 2M.
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So sanh k&t tta thu duge trong 3 trutng hop. Két luin.

b) L4y 1 giot dung dich NaCl. Thém 1 giot dung dich hiin
hop dém bac. Quan sét hién tugng. Thém ti€p 1 giot HNO,.
Quan sit hién tugng xay ra. Giai thich.

2. Phan éng v6i dung dich KMnO,

a) L&y 1 giot dung dich NaCl, thém 1 giot dung dich KMnO,.
Quan sit hién tugng.

b) Thém tiép 1 giot dung dich H,80, 2M. Lic déu. Cd g
xay ra ? Giai thich. .

II - PHAN UNG CUA ION Br

1. Phan ing vdi dung dich AgNO,

Thuc hién phan idng giéng nhu déi voi ion CI. Phan biét
su khéc nhau giita AgCl va AgBr.

2. Phan dng vdi nude clo
a) Ldy 1 giot dung dich NaBr, thém 1 giot H,80, 2M, 3 -
4 giot CHCl, hoac CCl,. Thém 1 giot nube clo. Léc déu.

" b) Thi thém ti&p 3 — 4 giot nudc clo nita. LAc déu. Cd gi
xay ra ? '

3. Phan @ng véi dung dich KMnO,
a) L&y 1 giot dung dich NaBr, thém 1 giot dung dich KMnO,.
Lic déu. Cé gl xay ra ?

b) Them tiép 1 giot dung dich CH,COOH 2M. Léc déu. C¢
gl xay ra ?

¢) Lam nhu thi nghiém b) nhung thay bing H,80, 2M. Cé
gi xay ra ? Giai thich
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III - PHAN UNG CUA ION I”

1. Phén tng v6i dung djch AgNO,

Lam thi nghiém nhu d&i v6i Cl”. So sanh tinh ch4t cia AgCl,
AgBr, va Agl

2. Phan ung vdi nude clo
a) L8y vao 6ng nghiém Im! nudc, thém 1 giot dung dich KI,
1 giot H,80, 2M, 3 - 4 giot CHCl, hoac CCl,.

Thém 1 giot dung dich nuéc clo. Lic ki. Quan s4t mau lép
dung moi hitu co.

b) Ti€p tuc thém titng giot nudc clo. D ¥ sy dbi mau cia
16p dung méi hiu co. Giai thich.

3. Phan 1ing vdi NaNO,

L&y 1mi nudc vao 6ng nghiém, thém 1 giot dung dich KI, 1
giot stO4 2M va 1 giot dd NaNOQO,. Quan sat hién tugng. Dun
néng cho d&n khi thang hoa hét I Lai tiép tuc thém NaNO,
v dun ndng. Lap lai thi nghiém cho dén khi cho NaNO, vao
thi dung dich khéng cé mau xanh v4i hé tinh bot.

4. Phan dng véi dd KMnO,

a) Léy 1 giot dung dich KI, thém 1ml nudc cht, 3 giot Cccl,
hoge CHCIl;, 1 giot dung dich KMnO,. Lic déu. Quan st mau
16p dung moi hitu co.

b) Thém tiép 1 giot CH,COOH 2M. Lic déu. Cé gi x4y ra ?

¢} Lap lai thi nghiém, thay CH,COOH bing H,80, 2N va
quan sat hién tugng.

IV - NHAN BIET CAC ION HALOGENUA TU HON HOP

Liy 1 giot dung dich NaBr, 1 giot dung dich NaCl va 1 giot
dung dich KI. Thém 10 giot nudc. Lic déu (dung dich A).
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a) Liy 2 giot dung dich A, thém 2 giot H,80, 2M, 3 - 4
giot CCl, hoac CHCl;. Thém ting giot nudc clo, vita lac déu
via quan sit mau cha 16p dung méi hiwu co.

b) Ldy 1 giot dung dich A thém 1 giot H,50, 2M. Thém
ting giot dung dich NaNO, khi dun ndng cho den hé’t I,. Thém
3 giot CCl, hoac CHCl, va 1 giot nude clo. Quan sat mau l6p
dung mbdi hﬁu co.

c¢) Lidy 1 giot dung dich A. Thém 1 giot dung dich dém bac.
Lac déu. Li tam bo két tia. Thém 1 giot dung dich HNO, 2M
vao dung dich thu duge. Quan sAt mau k&t tda xuft hién.

Giai thich qud trinh thuc nghiém. Két luan.

V - PHAN UNG CUA ION 8O3~

Phdn ing véi ion Ba**

Ldy 1 giot dung dich Na,50,, thém 1 giot dung dich BaCl,.
Thi tinh tan cda két tia trong HNO, 2M.

VI ~ PHAN UNG CUA ION 8+
I. Phan dng véi axit
Lay 3 giot dung dich Nazs‘ Thém 3 giot HCl 2M. Dun ndng

nhe. Liy gify loc tém Pb(CH,COO0), dit gin miéng 6ng nghiém. .
Quan sat sy thay ddi mau cia gidy loc.

2. Phan ting véi AgNO,

Ldy 1 giot dung dich Na,S, thém 2 giot KCN 2M, 1 giot
AgNO,. Quan sit hién tuong. Giai thich.
VII - PHAN UNG CUA ION NO;

1. Phan dng véi Cu va H,S0,

Ldy 1 giot dung dich NaNQ,, 2 giot H,S0, diac va 1 mau
déng la. Lic déu. Quan sat hién tugng. Giai thich.
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2. Phan ing v6i Al va NaOH

L&y 3 giot dung dich NaNQ,, thém 5 giot NaOH 2M. Thém
mot it bot nhom. Dun cdch thuy. Ding gidy t8m thudc thi Netle
hodc gidy quy dé t&m nude d€ thid xem cé NH, bay ra khong ?

3. Phan dng tao thanh sunfat nitrozin

Ly 1 giot dung dich NaNO,, thém 3 giot dung dich FeSO,,
cho 1 giot dung dich H,50, dac chay doc¢ theo thanh 8ng nghiém
(khéng duge ldc tron dung dich). H,50, dic sé lAng xufing day
6éng nghiém. Quan sit mau xuft hién gilta ranh giéi hai 16p
ch&t 1éng. LAc déu, quan sit hién tugng. Giai thich.

VIl - PHAN UNG CUA ION NO;

1. Phan #ng véi dung dich KMnO,

Ldy 1 giot dung dich NaNO,, thém 1 giot dung dich H,SO,
2M va 1 giot dung dich KMnO,. Lic déu. Quan sat hién tugng.
Giai thich. '

2. Phén dng vdi thudc thit Griess

Ldy 2 giot dung dich NaNO, vao 1§ tdm sd@ nhé giot, thém
1 - 2 giot axit axetic dac, 5 gigt thudc thd mdi ché. Dung dia
thiy tinh khufly déu va doi 5 - 10 phit. Quan sit mau xudt hién.

IX - PHAN UNG CUA ION PHOTPHAT

1. Sy phén li tﬁng nde caa H;PO,

Liy lm! dung dich H,PO, 2M, thém 1 giot dung dich chi
thi metyl da cam. Thém titng giot dung dich NaOH 2M. Quan

202



sit sy d8i mau cia chit chi thi (ti d6 sang vang). Thém 2
giot dung dich phenolphtalein. Ti€p tuc thém ting giot NaOH
cho d&n khi mau dung dich chuy&én ti khong mau sang héng.
Giai thich.

2. Phan dng véi (NH,),MoO,

a) Lay 2 giot dung dich Na,HPO,, thém 2 giot dung dich
HNO, dac, 3 giot thudc thé. Dun nhe (= 40°C), néu cén l&y
dia thiy tinh co nhe & thanh Sng nghiém. Quan sdt mau.két
tia xudt hién. Viét phuong trinh phan ting.

b) Lap lai thi nghiém a) nhung trudc khi cho thudc thit cén
nhd vae hén hgp 2 giot dung dich axit tatric.

¢) Li tam 14y ket tda va thi tinh tan trong dung dich NH;.

3. Phan Wng véi (NH),MoQ, va benzidin

L4y 1 giot dung dich Na,HPO,, 1 it hat NH,NO, mu6i rén
va 2 - 3 giot (NH,),MoO,. Dun nhe, 1am nguéi, thém 1 giot
dung dich benzidin trong CH,COOH va 1 it hat CH,COONa.
Quan sit mau. Gidi thich.

4. Phan ung vdi (NH),Mo0, va SnCl, : Lap lai thi
nghiém 3 nhung thay benzidin bing dung dich SnCl,.

X - PHAN UNG CUA ION AsO;~

‘1. Phan dng tao thanh asen sunfua

a) Liy 2 giot dung dich (NH,),AsO,, them 2 giot nuéc, 2
giot HCl dac, va cho H,S 16i qua dung dich.  Quan sit trang
thdi vA mau séc cta két tda tao thanh.

b} Dun néng hdn hogp, lam ngudi, i tam 1y két tda chia
lam 3 phdn. Thu tinh tan cia két tta lﬁn lugt trong NaOH,
HNO (NH ) 5. Két luan.
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2. Phan dng oxi héa I’

a) Ldy 1 giot dung dich (NH,),AsO, thém 3 giot KI, vita
thém timg giot HCl 2M vita 14c déu. Thém 3 giot dung dich
hé tinh bét. Quan sit mau dung dich.

b) Thém ti€p ting giot dung dich NaHCO, cho dén nging
thoat bot khi CO,. Lai thém tiép 8 giot NaHCO; 2M nita. Quan
sat hién tugng xay ra. Giai thich.

3. Phan ing voi (NH,),MoO,
a} Ldy 1 giot dung dich (NI ),AsO,, 3 giot HNO,, 5 giot

dung dich (NH,),MoO,. Dun s6i dung dich. Quan sit mau va
dang ké&t tda tao thanh.

b) Liy 1 giot dung dich (NH,),AsO, 3 giot dung dich axit

tatric hodc dung dich NaKC4H406, 5 giot dung dich (NH4)2M004‘
Dun s6i dung dich. Quan sat hién tugng, so sinh v6i két qua
thu duge trong trudng hop a). Két luan,

XI ~ PHAN UNG CUA ION CO}~

1. Phan ing bazo ciaa ion CO3~

Liy 1ml dung dich Na,CO; 2M, thém 1 giot dung dich
phenolphtalein. Thém tiing giot dung dich HCl 2M dén viia mit
mau dung dich. Thém 1 giot dung dich metyl da cam. Lai thém
tiép ting giot dung dich HCl d&n d48i mau dung dich tu vang
sang hfng da cam. Gii thich.

2. Phan dng tao thanh CO,

Ldy vao 6ng nghiém phit hién jon cacbonat 1m! dung dich
Na,CO,. Thém that nhanh 1m! H,50, 2M. Day nharh nit coé
6ng nhé giot da ldy sin dung dich Ca(OH),. Quan séit sy thay
déi trang thai dung dich trong éng nhé giot.
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XII - PHAN UNG CUA ION SCN~

1. Phan ing vdi AgNO,

a) Ldy 1 giot dung dich KSCN. Thém 1 giot dung dich AgNO
Quan sit mau ké&t tda xudt hién.

Thém 2 - 3 giot HNO,. Két tda cd tan khong ? Tai sao ?

b) Li tam 18y két tia. Thém ting giot dung dich NH; 2M.

Két tia cd tan khong ? Thi axit héa dung dich thu dugc
bang vai giot dung dich HNO, 2M. CS gi xay ra ?

3

2. Phan ung véi dung dich FeCl,

a) Liy 1 giot dung dich FeCl,, thém 2 giot HNO, 2M. Thém
1 giot dung dich SCN . Quan sat mau dung dich. Lai thém ti&p
ting giot SCN~ cho dén du (do 4 - 5 giot). Mau dung dich cd
thay d6i r6 khéng ? _

b} Chia dung dich thu dugc lam 2 phdn. Thém ting giot
NaF vao phdn 1 cho dén du (dé6 5 - 6 giot).

Thém vao phin 2 ting giot dung dich Na,HPO, cho dén du

i}

(d6 5 - 6 giot). Cd hién tugng gi xdy ra ? Ké&t luan.

c) Thém tiung giot HCI 2M vao cdc dung dich thu duge trong
thi nghiém b). Co hién tugng gi xdy ra ? Giai thich.

XIII - PHAN UNG CUA ION AXETAT

1. Phén dng bazdg
a) L&y 3 giot dung dich NaCH,COO. Thém 1 giot dung dich
phenolphtalein. Cé hién tugng gi xdy ra ? Giai thich.

b) Thém 2 giot HZSO'4 dac vao a). Dun cédch thiy, ngdi mui
ddm cua axit axetic gidi phdng ra. Néu khéng nglti thély ré thi
dd dung dich ra bat sd, vita ¢6 can vita ngli mibi.
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2. Phan ing vdi dung dich FeCl,

Liy 10 giot dung dich CH;COONa, thém 2 giot dung
dich FeCl;. So sanh mau dung dich thu duge véi mau dung
dich FeCl,.

Thém 1 th€ tich nudc. Dun soi. C6 gl xdy ra ? Giai thich.

XIV - PHAN UNG CUA ION BORAT

1. Phan ing bazd

Liy 1m! dung dich Na,B,0, Thém 1 giot metyl da cam.
Quan sat mau. Thém tiép ting giot HCl 0,2M cho d&n khi d8i
mau dung dich tif vang sang hong da cam. Giai thich.

2. Phan dng véi rugu metylic

L&y 1m! dung dich borax Na,B,0, vao 1 bat si, théem 1mi
H,80, dic, lam ngudi, thém mot it rugu metylic (hoac glixerin).
Léc ki. D6t nong. Quan sit mau hgon lia.

3. Phan Wng véi gify nghé

L&y 1 ml dung dich borax, thém 1mi HCI 2M. Nhing 1 mfu
gidy nghé¢ vao dung dich thu duge. Quan sit mau trén gidy.
Nho lén gidy 1 giot dung dich NH, dac. Co gi xdy ra ?

CAu HOI

1. Cho biét kha nang tan ciia cac musi AgCl, AgBr, va Agl
trong céc dung dich sau :

a) (NH,),CO, 2M b) NH, 2M ¢) NH, 0,25M,

~ Ag' 0,01M va KNO, 0,25M.
2. Thém ddn dung dich AgNQ, vao dung dich Cl', Br, T
cung ndng dd 0,01M cho dén du. CS nhing hién tugng gixayra?
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Loc ldy k&t tia cho tdc dung voi hén hgp dém bac (NH, 0,25M,
Ag" 0,01M, KNO, 0,25M). Loc tich dung dich, axit hda cham
bang HNO,. Cd gl x4y ra. Giai thich.

3. Mo tid hién tugng xiy ra khi thém din nuée clo vao l4n
lugt cac dung dich Br™ va I". Lam th€ nao d€ phat hitn duge
Br™ vaA I" trong hén hgp NaBr va KI bing nuéc clo.

4. Hay giai thich vl sao bang cdach thay d8i pH cé thé oxi
héa lan lugt CI” ; Br', I' bang KMnO,.

5. Hay trinh bay phuong phap nhan biét cdc ion trong hén
hgp Nal va NaCl ; NaBr va NaCl ; Nal va NaBr.

6. Cho bist tinh tan cda cac mu61 BaCO,, BaS0,, BaSO,
trong HCI, trong CH,COOH. Tinh hing s6 cﬁn béng cua céc
phan dng hoa tan.

Lam th€& nac dé€ phan biét duge cdec mubi trén ?

7. Hay dung mét vai thi nghiém d€ chidng minh rdng ion
$2" ¢6 tinh baza.

8. Cho dung dich cdc ion $* 0,01M va CI° 0,01M. Thém
dén dung dich AgNO,; cho dén néng do 0,1M. Co gi xay ra ?

Thém ti€p KCN cho dén ndng d¢ 1M. CS gi xay ra ? Giai thich.

9. Trinh bay phén dng khi ion NO; bang dﬁné kim loai.

10. Trinh bay phan ing khi ion NO; bing Fe?* trong méi
trudng H,80,. Ion NO, c¢d can trd phan dng khéng ?

11. Trinh bay phuong phdp nh&n biét cic ion NO; va NOj
trong hén hop cia ching.

12. Néu diéu kién phan idng gitta amoni molipdat véi POi_,
AsO}™ va Si0f~,

13. Trinh bay phuong phiap nhén biét .ion 'POi‘ va AsOi"
trong hén hop cia ching.

14. Phan 1Ung giita ion Asbz_ va I phu thude vio pH nhu '

th&€ nao ?
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15. Néu r6 phan dng cd thé dung dé nhan biét jon .CHSCOO‘
trong hén hop céa cac ion CH,CO07, CI', NO,, SCN™.

16. Axit héa hén hop chia céc ion NOj, 8%, I', CI" <6 hién
tugng gi xay ra ? '

17. Trinh bay cdc phén dng ¢6 thé ding d€ nhan biét cac
anion trong cac hén hgp sau : .

a) CI', NO;, 8037, I', Na', K’

b) CH,CO0", NOj, CI', Cu®", Ba®*

c) PO3", CI', SOF, NH

d) Br", CO2", NOj, 8077, Na*, K*

18. Gizi thich hién tugng thuc nghiém sau day :

a) Thém dén dung dich NaNO, vao dung dich I, (trong KD
cho téi di. Khi &y dung dich midt mau nau.

b) Thém titng giot HCl vao hén hop thu duge. Dung dich lai
¢6 mau nau. Bi6t ring phan dng ty oxi hda ~ khi cia HNO,
xay ra chim.

Chuong 15
PHAN TiCH MOT CHAT CHUA BIET

§15.1. CHAT CHUA BIET LA DUNG DICH
(KHONG CHUA KET TUA)

I - THU SO BO

1. Quan sdt mau dung dich
Mot s8 ion o6 mau trong dung dich :
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- Xanh luc : tiy néng do cd thé cd Cu®, Cr’*, phitc amin

cia Cu?', phic clorua cha Co?, MnOﬁ“ v.V...
_ Xanh ve : Ni%, phic amin cia Ni**.

Hong, db da cam : Co®*, Cr,037, MnO; (néng do thép).

Tim : MnO;.

Vang : CrOi,Fe3+.
v.V..

Chi ¥ : - Né&u trong dung dich cd nhiéu ion co mat thi dung
dich 5 cé mau t6 hgp clia mau céc ion riéng 1é va tuy theo
quan hé néng d6 cta ching ma mau sé rét khdc nhau.

Vi du, n&u dung dich cd Co? va Cu?* thi dung dich cé thé
c6 mau tim luc, tim héng, xanh tim, v.v...

- M6t &6 ion cé mau cd thé tén tai § trang thai phuc chat
c6 mau khic hoac khéng mau, vi du Fe** mau vang nhung
phic chét Fng*'khOng mauy, FeSCN?* mau dé mau, Co* mau

héng nhung phic CoClﬁ_ mau xanh, v.v...

Vi vay, n&éu dung dich khéng cd mau thi cé thé khong cd
mat cdc ion ¢6 mau nhung phai ki€m tra su cd mat cla cac
ion phéc khéng mau cla cic ion dé.

9. Thi moi truong cha dung dich

Dung gidy quy hoac gifiy chi thi van nang thi moi truong
ciia dung dich.

a) N&u dung dich ¢6 phin Ung axit manh thi khong cd CO;,
HCO; va néu khong ¢ mui nda thi khong cd SO, §%7,
NO,. Khong thé ¢ mat déng thdi cac ion cd tinh oxi hda va
khit phan idng dugc v6i nhau trong moéi trudng axit, vi du
khong thé cung tén tai I” va NOj ,MnOj, Cr,04” véi I, NO;.
Dung dich ¢d th€ chda cac ion kim loai da hda tri tao phic
hidroxo rdt manh, vi du Fe3*, AI*, Bi**, Sb¥, 8b%*, Cu®*, vuv..
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b) Dung dich ¢d phan dng trung tinh hodc bazo (va khong
cd ké&t tha). Cd thé cd :

- céc ion kim loai kiém, kiém thd,
— cdc phic cia cdc cation véi NH,, CN7, F7, vv.., vi du

Ag(NH,);, Cu(NH,)*, vv...

— cdc anion cia cdc kim loai c6 hidroxit ludng tinh :
AlO;, ZnO%”, Cr0;, SnO%" . Snog“, v.v...

- cdc anion kim loai & trang thai oxi hda cao MnO‘I, Crog_,
Crzo.zf_,As()iﬂ, v.v.

— h&u hé&t cdc anion.

II - PHAN TICH CAC ANION

C6 thé ti€n hanh phan tich cdc anion td ting phin dung
dich ddu.

III - PHAN TiCH CAC CATION

1. Thit so bd

a) Cln can ci vao két qud phat hién anion d€ suy ludn vé
su tén tai cdc cation trong dung djch.

Chéng haﬁ, néu dung dich khoéng chia két tia ma ed
SOﬁ_ thi khong cé Ba®', Sr?*, Ca?', Pb%*, néu ¢s CI” hoac Br™,

I, SCN™ thl khong c6 Ag', HeZ", ¢6 thé khéng cs PbZ.

Néu dung dich trung tinh hosc baza ma c6 COZ™ thi khéng
cd cac cation tao duge k&t tia cacbonat hoac hidroxit,
b) Phat hién so bd sy c¢d méat cia mdt s nhom ion :

- Ldy 1 giot dung dich phan tich, thém ting giot NH, 6M,
vita l&c déu vita quan sit cho dén khi ¢d mii : 6 thé cd két
tia cda cdc hidroxit (photphat, asenat). Néu khéng cd két tua
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xuit hién cd thé khong c6 AI¥, Sb(IID), Bi**, Cr>*, Fe**, Mn™,
Sn*, Cu?*, Ni?* khi ¢ NH, du tao dung dich mau xanh.

- Li tAm bd k&t tda. Cho vao dung dich thu dugc 1 giot
dung dich Na,S bao hoa.

C6 thé cd k&t tha sunfua mau den ciua mot s6 kim loai :
Hg?* (HgS tan trong thufc thiu du), Bi3*, FeX*, Fe?*, Cu?,
Ni2*, Co?*, Pb?*, Zn* (két tha tréng), Cd?* (k&t tua vang),
Mn2* (ké&t taa héng).

2. Phén tich ¢ hé thdng cac cation t¥ nhém II dén nhém VI

(Phét hién cic cation kim loai kiém ti dung dich ddu).

3. Trong trudng hop nghi ngy cd thé ki€m tra cdc cation
theo quy trinh sau

a) NH/ : L&y 1 giot dung dich phan tich (ddpt), thém 5 giot
nuée. Them 5 giot NaOH 2M. Dun cédch thiy. Ding gidy thi

Netle t&m 46t ho lén miéng éng nghiém. Gidy sé hdéa nau khi
cé NH;.

' p) K* - Ly 1 giot ddpt, thém 4 giot NaOH 2M. Dun dén
hét mui NH, (thi v6i gidy tdm thudc thu Netle hoac gidy quy
dd). Li tam. L&y 1 giot dung dich thu dugc, thém 1 giot
CH3COOH dac, 6 giot Na,[Co(NO,). Dogi vai phat s& cd két
tha vang néu cé K'.

¢) Na* : Néu ddpt khong cd cac ion K*, Sh(IIl}), Bi(IID) thi
14y ngay dung dich dfiu thit v6i uranylaxetat. N&éu ddpt cd cac
jon trén thi 18y 1 - 2 giot ddpt, thém 2 giot HCIO, 2N dé lam’
k6t tta ion K' dusi dang KC1O,. Sau d6 thém titng giot NH,
dén c6 mui NH,;. Li tam ldy dung dich.

C6 can con 1 - 2 giot. Thi bang thude thit uranylaxetat kém.
d) Ba® : Léy 1 giot ddpt, thém 2 giot EDTA 10%.

Dun cach thay 15 gidy. Khi &y cac ion kim loai tao phic
h&t voi EDTA.

Thém 1 giot Mg?* dé ddy ion Ba** ra khoi phidc bari
complexonat BaY? :
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BaY? =Ba’ + Y% -7,78
Mg?t + Y¥ =Mg¥® 8,69
BaY® + Mg? =Ba®" + MgY?% 1gK = 0,91

Thém 4 giot CH,COONH,, 2 giot K20r042. Dun cach thay 2
phit s& cd két tha vang BaCrO, néu cd Ba®

Khi trong dung dich ¢ Sb(III) phai dun trudc véi H,0, dé

oxi héa thanh Sb(V) n&u khéng thi phuc chdt Sh(III) {t bén sé
tao két tua Sb(OH), & pH thi nghiém.

e) 8r** : Li tam hén hop thu dugc trong thi nghiém d) (néu
¢6 két tua BaCrO,), thém 2 giot dung dich (NH,),50, bdo hoa.
Dun cédch thiy 15 giay. Thém 2 giot rugu etylic. Lam ngubi,
d€ yén 5 phat.

Khi c6 Sr** thi cé két taa SrSO,

SryZ =8r* +Y¥ -8,63
SP" + 502" =880, | 6,2
SrY*™ + 807" =85r80, | + YV IgK = -2,43

Hang s6 can bang tuong ddi bé vi vay phai thém rugu etylic
dé lam giam K, va dung du SOI™.

Tuy véy, khi c¢d rugu thi tit dung dich bao hoa (NH,),S0, cd
thé cd k&t tha mudi amoni sunfat tach ra. Vi vy cén lam thi
nghiém trang (tic la so sanh vdi dung dich gém : mét it giot
nude ldy bang thé tich dung dich phan tich + 2 giot (NH,),S0,
bdao héa, dun céch thiy, thém 2 giot rugu, lam ngudi, d€ yén
5 phit).

g) Ca** : L&y 2 giot ddpt. Thém 1 giot dung dich HCl va 2
giot dung dich (NH,),50, d& lam két tda hét Ba?* va Sr?*.
Dun cach thay 5 phut. Li tdm bé két tua (néu cd). Liy 1 giot
dung dich, thém 1 giot EDTA 10%, 4 giot dung dich dém
amoniac - amoni clorua (d€ chuyén hé&t cac ion thanh phdc
complexonat).
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Thém 2 giot (NH,,C,0,. Dun cich thiy 5 phut. N&u cd
Ca®* sé cd két tia CaC,0, tach ra :

CaY?® =Ca® +Y* ' ~10,57

2+ 2= —_
Ca*” + 0204 ..—030204 l 8,6
CaY?™ + C,07 #=CaC0, | +Y¥ gk = -1,97

h) AP : Ldy 1 giot ddpt, thém 4 giot NaOH 2M. Dun sbi,
li tam bo két tha. Léy 1 giot dung dich (cd chita AlQ;), thém

1 giot aluminon, 2 giot dung dich dém axetat. Dgi 5 phat. N&u
¢ Al** 8 c6 dung dich mau dd cia phic Al-aluminon.

Phai so sanh véi thi nghigém déi ching.

i) Cr**t . Ldy 2 giot ddpt, thém 2 giot (NH,),80, dé téch
BaZ* duéi dang BaSO,. Dun céch thiiy vai phdt. Li tam bo ket
tia. Ldy 2 giot dung dich, thém 4 giot NaOH 2M va 2 giot
H,0,. Dun s6i. Mau vang xuft hién ching 6 ¢ Cr’.

k) Zn*, Co%*, Cu®" . - L&y 1 giot ddpt lén tdm sd nhé giot.
Them 2 giot thude thi (NH4)2[Hg(SCN)4]. Né&u cd -

Két tda tréng : c6 Zn?*, két tia xanh thdm : c6 Co®', két
tha xanh la cay : c6 CuZ*, két tia tim : c6 Cu?t va Zn%*, xanh
thdm hay den : 6 (Cu®* + Zn?") hoac (Cu?* + Co?*) hodc (Cu®
+ Zn% + Co%h).

+ Tim Zn?* : Ldy 1 giot ddpt, thém 1 giot dung dich CuCl,
10%, 2 giot dung dich thuéc thi sé cd két tha, den, xanh thim
tily theo néng d& ZnZ*.

+ Tim Cu?*, Co** : Lay 1 giot ddpt, them 1 giot ZnCL, 10%,
2 giot thude thit. S6 c6 két tua tim dén den khi cd Cu®' va
xanh lue khi ¢d Co®*.

- Néu trong ddpt ¢é qud nhiéu Cu?* thi phai khi trudc bang
Al : Lay 2 giot ddpt, thém it b6t Al. Dun sdi. Gan 14y dung
dich, thém 1 giot dung dich H,0,. Dun sdi. Tim ZnZ* va Co®'
trong dung dich nay.

~ Khi ¢6 Fe>* thi phai che Fe™ bing NaF.
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1) Fe**, Co™ : Ly 1 giot ddpt (néu cd Cu®* thi thém 1 giot
HCl 2M va 1 - 2 giot dung dich nuéc H,S, ki tam, tach bd két
taa CuS. Dun s6i dung dich thu duge dé€n dudi hét H,S. Cing
cé thé dung thioure d€ tao phic bén voi Cu?'. Néu khéng tach
Cu?* thi ion nay tao phic mau nau véi SCN™ gay can trd phan
ing). Thém 2 giot dung dich NH,SCN. Néu cé Fe® thi c6 mau
dd mdu cda phidc sat (III) thioxjanat.

Thém tiing giot dung dich NaF dén m#t mau d4. Thém 3 -
4 giot axeton. Lic manh, s ¢ mau xanh néu cd Co®.

“m) Fe**, Ni%* : Ldy 1 giot ddpt, thém 2 giot dimetylglioxim,
2 giot dung dich dém axetat, l4c déu, s& cd két tiia mau db
ching t& c6 Ni?* va Fe?*. Them tiép 1 giot H,0,, dun sbi. Néu
chl e Fe®* thi mau dé s& bién m&t. N&u c6 Ni¢* thi mau dé
vin con.

Cé thé kifm tra sy cd mat cia Fe?* bing thubc thi
o~phenantrolin (cho mau dé véi Fe®*) hoic voi K, [Fe(CN),l (cho
k6t tda xanh dam).

n) Mn®* : Ldy 1 giot ddpt, thém ting giot dung dich AgNG,
dén khi két tda hé&t ion CI7. Thém 1 tinh thé (NH,},5,0;. Dun
cich thiy s& c¢d mau tim MnO, khi ¢ Mn.

Néu ¢ nhidu Mn thi phai pha lodng ddpt.
Né&u cd nhiu Co®* thi phai so sanh mau vdi dung dich Co?*.

Co thé thay (NH,),5,0, bang PbO,. Trong trusng hop nay
phai dun s6i hén hgp PbO, va HNO, va cho 1 giot ddpt da
tach CI” bang AgNO,.

o) Hg* : Nho 1 giot ddpt da dugc axit hda bang HCI lén
1 14 déng danh sach. D& vai gidy réi rirta vét &m vai nude. Khi
cé Hg?* s6 duge vét sang trdng trén la déng.

p) Cd** : Liy 1 giot ddpt, thém 2 giot dung dich NH, dic,
néu ¢ Mn? thi thém 1 giot H,0,. Dun s6i. Thém tiép 1 giot
dung dich NH, nita. Li t&m, bd két tua. Thém vao dung dich
1 giot KCN (néu con duc thi thém tiép KCN). L4y 4 giot dung
dich thu duge, cho vao 2 giot dung dich Na,S bdo hda. Né&u cd
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Cd? s& cd két tua vang. Néu két tia cd mau den thi lap lai
thi nghiém bing cdch thém tisp KCN.

Khong dugc nhim két tia vang CdS v6i k&t tia tring cia ZnS.

g Pb?* . Liy 1 giot ddpt, them 4 giot NaOH 2M. Dun 8di.
Li tam, bé két tua. Dung dich phai khong cé mau. Néu cé mau
thi phai dun s6i va li tam lai. L&y 1 giot dung dich thu duge,
thém 1 giot dung dich KCN (d€ che cac ion can trd), 1 giot
dung dich Na,S, sé cé k&t tia PbS mau den.

r) Sn(IV) : Liy 3 giot ddpt, 1 giot HC1 2M, 1 it bot Fe. Dun
s6i 1 phut. Li tam.

Cho 1 giot dung dich iot - hé tinh b6t lén 18 tdm sd nho
giot vA nhé vao ddy 1 giot dung dich da thu dugc. N&u c6 Sn*
thi dung dich méit mau.

s) Sb(V) : Ly 2 giot ddpt, thém 2 giot rozamin B, vai giot
penzen. Léc déu, s8 cd mau tim hodc dé ching td cé Sb(V).

Khi o6 Sh(III) phai oxi héa bing KMnO,, sau dd kht KMnO,
du bing hidroxilamin. : :

§15.2. CHAT PHAN TiCH
‘LA DUNG DICH €O LAN KET TUA

Két tha duge li tam va thit hoa tan trong cédc dung moi sau :
1. Hda tan trong H,O khi dun ndng: ¢6 thé 1a halogenua chi.

2. Hoa tan trong HCI 2M va trong HCl ddc : céc két tda
mubi bazo ; cac hidroxit, cac muéi cacbonat, photphat cua céc
kim loai. D#c biét, néu dung dich ¢6 phan dng axit thi phai
chi y1a cd thé cd két tha mudi bazo cia Bi, Sb (SbOCI, BiOCL.

3. Hoa tan trong NaOH 2M : cic mubi cla chi (PbSO,,
PbCly, v.v...).

4. Hoa tan trong dung dich NH, 2M, NH, dac : cac mudi
khé tan cta bac (AgCl, AgSCN, mot phan AgBr, Agl.
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5. Két tda khéng tan trong cac axit, bazo, kiém : c6 thé cg
cac sunfat kim loai kiém thd. Phai chuyén thanh cacbonat va
hoa tan trong axit thich hop. Sau khi hda tan duge két tua
ngudi ta ti€n hanh phan tich nhu d6i voi dung dich khéng co
két tua.

§15.3. CHAT PHAN TICH LA CHAT RAN

Viéc phan tich ddy dd mot chat rén chua biét, c6 thanh phén
phic tap duge trinh bay trong nhiéu siach giso khoa vi sich
chuyén khao. & day chi gidi thiéu truong hgp phan tich chat
rdn 12 mudi nguyén chét.

D& phan tich ngudi ta thyc hién cac budc sau :

1. Quan sat dang hé ngoai cia mudi : mau sie, dang k&t
tinh, ngdi mui. Trong nhisu truong hop cic dffiu hiéu quan sat
duge gidp ta dinh hudng phéan loai chit phan tich.

Chdng han, néu chdt phan tich khéng mau thi chic chin
ddy khéng thé€ 1a muéi cia cde kim loai ¢ mau (nhu Cu, Ni,
Cr, Mn, Co, v.v...). N&u chét ¢6 mii amoniac thi cd th€ la muéi
cia amoni nhy (NH4)ZCO3, NH4HC()3. Né&u chit cd mui x6c cia
khi nito oxit thi cd th& 1A musi nitrit hoic nitrat nao dg, v.v...

2. Néu cd didu kién thi tién hanh mét s6 phép tha so bs
(tht mau Iia, thi mau ngoc). Chéng han, néu chst khéng cho
mau khi dua vao ngon Mta dén khi thi cd thé dodn ddy khéng
th€ 13 muéi cia Na, K, Ca, Sr, Ba, Cu, Pb, Sb, As, B, v.v..

3. Hoa tan miu : M6i dfu hoa tan muéj trong nudc, Néu
chdt tan duge trong nuéc thi no khong thuée loai cdc mubi khé
tan trong nuéc nhu cdc photphat, cacbonat, oxalat, sunfua, silicat
(trd cdc mudi kim loai kiém, amoni), céc clorua nhém III, cac
sunfat nhém II va chi, v.v...

Sau khi hoa tan chdt vao nuéc thi thu pH cia dung dich
(xem trén).
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Néu chdt khong tan trong nudc thi thd lin luot hoa tan
trong cdc dung méi nhu da chi ddn & §15.2. Khi hoda tan chst
cén d€ y d&n cdc khi ¢d th€ thost ra.

Chang han, néu chdt hda tan trong HCl ¢6 khi khéng mau,
khéng mui bay ra thi cd thé nghi dén muéi cacbonat v.v...

- 4. Phan tich : Cd thé mdi ddu phat hién anion trude vi s6
anion & day khong nhiéu (thudng chi ¢6 1 anion). Trén co sd
anion phét hién duge ¢d thé loai trit mét s6 nhém cation. Sau
do, méi ddu ki€m tra su cd mat ting nhdm cation va cudi ciung
phét hién tiing cation riéng 1é.

Vi du I : Chit X la chdt két tinh mau xanh rit nhat.
1. Dodn sd bg : X khéng thé 13 mudi ecta cdc ion ¢ mau
manh nhu CrOi_,Crzog_,MnOJ, MnOﬁu,Cuz"',CoH.

2. Hoéa tan : X tan trong nudc, nhu vay khong th€ 1a cic
mudi khd tan trong nudc (cachonat, photphat, sunfua it tan,
clorua nhém III, sunfat nhém II, chi sunfat v.v..).

3. Tht méi trudng : Dung dich cé phan Wng axit. (C6 thé
la mudi amoni, mudi axit cha cdc da axit, axit tu do, mudi cia
kim loai nang). '

4. Phan tich :

a) Tim anion : - Axit héa bing HCI : khéng thdy c6 khi
bay ra va khéng thdy co ddu hiéu gi dac biét (chdng té khong
thé 12 mudi cacbonat, sunfit, nitrit, sunfua, khéng chia déng
thoi cdc ion oxi hda va khit ¢ thé phan dng trong méi truing
axit). Cing khong c6 két tita, ching té khéng ¢d cation nhém III.

- Cho ddpt tic dung vai BaCl, : cd két tha tring, khéng
tan trong HNO, — cd ion SOE_.

- Cho ddpt tac dung véi AgNO, : khong cd két tda —» khang
¢d anion k& tua duge voi Ag" (CI, Br", I, SCN,

3_. —
PO;”, AsO;7).
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) Tim Cation : ~ Tim ion NH; : Léy 1 giot ddpt, 4 giot
NaOH. Dun ndng. Kiém tra bang gidy quy d6 tdm udt va gify
Netle cho thdy cd NH, bay ra. Vay ¢6 ion NH: .

- Tim Fe** : 1 giot ddpt + 1 giot K,[Fe(CN)] khong cs
phan dng dac trung cta Fe''.

~ Tim Fe?* : 1 giot ddpt + 1 giot K,[Fe(CN);] ¢6 méau xanh
dém : cd Fe?*. :

- C¢ ion SOZ” vy khéng cén ki€m tra céic cation nhom II.

- 1 giot ddpt + 1 giot NaOH : ¢6 k&t tia xanh réu sau hda
ndu. Thém 1 giot H,0, Két tia hda nfu nhanh. Li tam dugc
k&t tia nau va duge dung dich nudc trong khéng mau.

Ti&p tuc nhd 1 giot NaOH nita : khdng thfy cd két tha ti€p
tuc xudt hién, cliing khong thdy k&t tida tan (khéi lugng két tua
khong thay d6i). Tach I&y kst tha. Thém 1 giot NH; dac :-
khong thdy k&t tda tan.

'Két Iugn : - Chi c6 ion Fe?*, khéng cd céc cation nhém IV
va nhdém V.

- Trong dung dich c6 Fe?*, NH, , 805"

— Mudi nguyén chit cé th€ 1a Fe(NH,),(80), . nH,0.

Vi dy 2 :

Mudi X la tinh thé mau trdng, khéng mui.

1. Doan sg bd : X khong phii la mu6i cia cdc ion cd mau.

2. Hoa tan : X tan trong nudc.

3. Thia moi trudng : Dung dich cd phan dng axit y&§u — cd
th€ khéng c6 cdc anion la bazo nhu cog‘,sz‘,Poi‘, vv... C6

th& cé cac cation kim loai tac phtic hidroxo. Cing ¢ thé€ la
mudi amoni, mufi axit kim loai kiém cta cdc da axit.

4. Tim anion :

a) Phan dng vai AgNO, cho k&t qud am tinh : khong cé
anion tao mudi bac it tan.
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b) Phan ung véi Ba(NO,), am tinh : khéng cd cdc anion tao
hop chit it tan véi Ba®".

c) Phan dng véi H,SO, :

- Khong cd khi bay ra, khéng c¢6 mai bay ra : khéng c6
anion bi axit phan hay. -

- C6 két tla tring : cd thé cd cation nhém II hose Pb?*.
d) Phan dng véi FeSO, + H,850, dac : ¢é vanh mau nfu —

o6 NOj.

5. Tim cation :
a) Tim NH;' : k&t qua &m
b) Tim Fe** | Fe’* : két qua &m

¢) Tim cation nhém III :

1 giot ddpt + 1 giot HCl 2M : c6 k&t téa trdng. Li tam
ldy k&t tha, thém I ml nuSc. Dun néng. Két tia tan hé&t. Co
ion Pb?*.

Thém 1 giot KI, dun néng, két tia tan, ¢S tinh th€ éng &nh
vang khi ngudi : Cé Pb2*.

d) Tim cation nhém II :

1 giot ddpt + 1 giot H,80,. Co k&t tia tr4ng. Li tam ldy
két tha. Thém 2 giot NaOH. Két tua tan hét :

Khéng ¢d cation nhdm II.
d) Tim céc cation nhém IV - VI :
1 giot ddpt + 1 giot H,80,. Li tam, bd két tua.

L4y dung dich + titng giot NaOH 2M : khong c6 két tua
xudt hién — khong cd céc cation ti¥ nhém IV - VL

Két lusn : X 1a Ph(NO,),.
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CAU HOI VA BAl TAP

1. Mot chit X mau xanh lyc nhat, tan trong nudc, cé phan
dng axit y&§u. Khi cho dung dich nudc cia X phan dng v8i NH,
thi m&i ddu cd ké&t tda, sau tan trong NH,; du cho dung dich
xanh dam. Dung dich ctia X khong cd phan ing véi dimetylglioxim.

Cho BaCl, vao dung dich X duge két taa tring, khong tan
trong HNO,. Cho bigt X 1a muéi gi ?

2. M6t chdt Y mau trang, tan trong nuéc che pH « 10.
Dung dich Y khong cho két tia véi HC, véi H,50,, voi NaOH,
vl NH, ; cho két tia trdng véi BaCl,, k&t tia vang véi AgNO,,
cic két tha nay déu tan trong HNO,. Dung dich nuéc cha Y
phan dng duge véi (NH,},MoO, va HNO, cho k&t tia mau vang
(ngay cad khi cd axit tatric). Y cho ngon 1da mau tim.

Cho biét tén cia hgp chit Y.

3. Z la chit rin mau trdng, tan trong nudc. Dung dich nudc
cta Z phan dng duge vai HCI cho két tha trang, tan trong NH,
va khi axit hda dung dich tao thanh bing I‘INO3 thi lai cd két
tia tring xu#ft hién.

Dung dich Z axit hda bang H,80, dac tic dung duge véi Cu
cho khi mau néu bay ra vd cd két tia den tdch ra.

Cho biét Z la chat gi ?

4. Mot hop chét A ¢d thé 1a Na,HPO,. Lam th& nao dé ki€m
tra A,

5. Lam th&€ nao d€ kifm tra mot chit rdn cd thé la :
a) NisO, , b) CrCl,, ¢) Co(NOy),,
d) Cd(CH,COO0), , o) Al,(50,),.

6. Hoa tan hén hop gém cdc mudi NH,CI, AgNO,, BaCl,,
Cu(NOQ,), trong nudc (cic mudi ¢6 cung s6 mol nhu nhau)

Trinh bay phuong phip phan tich hén hap.

7. Hda tan hén hgp cung s mol cia BaCl,, K,50,, AlCl,,
Pb(NQ,), trong nudc. Tim cich phan tich hén hop.
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8. Hoa tan hén hgp cung s6 mol cia Cd(CH ;CO0}, MnSO,,
Pb(NO,), trong nudc. Tim cach phan tich hén hep.

9. Dung dich gém cd CuCl,, MgCl,, Fe(NQO,), va CdCl,. Tim
cdch phé&n tich hén hgp.

10. Thém NaOH du vao hén hop BaCl,, Pb(N03)2, ZnCl,,
MnCl,, Cu(NO3}2 Tim cach phan tuh hén hop.

11. Trinh bay phuong phap nhan bidt cdc chat ti cac hén
hgp sau :

a) Fe + Fe, 0, , b) Fe,0, + AlL,O,, ¢) FeS + CoS,

d) CuO + MnO, , e} Zn0 + Al,O; + ZnS.

12. Trinh bay phuong phdp nhan bi&t cac kim loai tit cde
hop kim sau day :

ay Al, Mg, Cu b) Fe, Mn, Cr ¢) Zn, Sn, Al

d) Cu, Zn, Mn e) Cu, Ni, Zn.
(kim loai ding ddu mébi diy 12 kim loai c¢d thanh phdn nhiéu
nhét trong hop kim).

13. Mot dung dich gém Fe® 0,01 M, SCN™ 0,01M. Ngudi ta
thém NaF vao dung dich sao cho néng d¢ ion [F7] = IM. Co
hién tugng gi xay ra ?

N&u thém ti€p HCl vao hén hop sao cho [H'] = 1M thi cd
gl xdy ra ? Giai thich hién tugng trén co sd cic tinh toin vé
cin bang. Thi ki€m tra lai bing thuc nghiém.

14. Mot dung dich gém cd Fe** 0,01M, SCN™ 0,01M. Thém
dung dich Na,HPO, vao hén hgp sao cho CNaZIIPO4 = 0,IM. Co

hién tudgng gi xay ra ?

Thém ti€p HCI sao cho [H'] = 1M. CJ hién tuong gi xay
ra ? Giai thich (cd tinh todn can bing). Thi ki€m tra bing
thuc nghiém.

15. M6t dung dich gém cé Fe®* 0,01M, SCN™ 0,01M, F~ 0,1M.
Né&u thém dung dich AI* vao cho t&i néng do [AP*] = IM
thi ¢ hién tuong gi xay ra ? Giai thich. Thi ki€m tra bing
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16. Mot dung dich cé Fe®* 0,01M, Co?* 0,01M, SCN™ 0,1M.
Thém NaF sao cho ndng d6 [F'] = 1 M. C6 hién tugng gi xay
'ra ? Giai thich. Kiém tra lai bing thuc nghiém.

17. Viét phuong trinh phan ng d& gidi thich cdc quy trinh
phan tich kifm tra céc cation da trinh bay trong $15.1, IIL
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HUONG DAN TRA LOI CAC CAU HOI VA BAI TAP

CHUOUNG 3
Cau 5

a) + NH;" : ding thufc thi Netle,
+ K" : - phan Wng mau lia,

-~ cho NaOH du, dun dui hét NH,, sau d6 phét
hign ion K* bing Na,[Co(NO,),].
b) + K* : ding Na,[Co(NO,)],
+ Na* : diang phan ting mau lda.
¢) + NH; : diing thude thir Netle,
+ Na' : diung phan dng mau lia
d) + NH; : ding thuée thit Netle
+ Na* : ding ph&n Wng mau ia

* K" : diing Nay[Co(NO,);] sau khi da dusi NH (cho NaOH
du).

Cau 6

Dung gify quy phan biét hai nhém a) + b) va ¢} + d). Dung
phén tng mau lda phan biet ting chdt trong méi nhdém.
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CHUONG 4

Cau 1

- SBa.sq1 < SSr804 < S(:aso4

- SSrcoa3 < SBaCO3 = SCaC03
- S(ZaC204 < SSrC204 < SHaC204
- SBaer1 < SSrer = SCaer
Cau 3

MCO, | =M*" + CO}”

2 x | CH,COOH =CH,C00™ + H'

H* + CO{” =HCO;

HCO; + H' =H,C0,=C0, t + H,0

T6 hop (1) - (4) :

n
(2)
(3

(4

MCO, | + 2CH,COOH =M?* + 2CH,CO0™ + CO, 1 + H,0

hoac MCO, | + CH,COOH =M*" + CH,CO0" + HCO;

Cau 4

- K,Cr,0, = 2K* + Cr,0%"
Ba(CH,C00), — Ba*" + 2CH,CO0~

2_
Cr,07” + H,0
2 x | Ba** + CrO;~
2 x | CH,CO00™ + H"

=22Cr0}”~ + 2H'
=BaCr0, |
=CH,COOH

Cr,02" +2Ba?* +2CH,CO0™ + H,0 =2BaCr0, | + 2CH,COOH
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Cau b
Vi CH,COOH yé&u hon axit oxalic.

Céau 6
- Tao két tha cde sunfat :
Ca®* + 802” =CaS0, |
St + 803" =8r80, |
- CaSQO, tan mot phéin, do tao phic :
Ca?* + S0}” =CaSO,
du (tan)
- Tao | CaC0, : .
CaS0, + C,02” - CaC,0, { + SO~
(trdng)

Cau 7
a) | Sr30, (duc)
b) khéng cd | (khdéng duc).
Cau 8
a) -~ DDO + NaCH3000 + KZCTZO-,. -~ | 1 (BaCrO, vang) +
+ DD, (Ca?)
- DD, + (NH),C,0, = | CaC,0, trang. '
hodc :

- DD, + dd bdo hoa CaB0, — | BaSO, trdng

- DD, + (NH,),80, du — | 1 (Ba8O,, CaS30,) + DD, (CaS0,)

DD, + (NH),C,0, — | CaC,0, trang.
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b) - DD, + CH,COOH + NaCH,COO + K,Cr,0, —
— | 1 (BaCr0, vang) + DD, (5"
DD, + (NH,),S0, — | SrS0, tréng
¢) - DD + dd bao hoa CaS0, — SrS0, tring
~ DD, +{(NH,),80, du— | 1 (CaSO, + 8r80,) + DD, (CaS0,)
DD, + (NH),C,0, — | CaC, O, tring.
d) - DD, + CH,COOH + K,Cr,0, — | 1 (BaCr0,) vang + DD,
DD, + (NH),C,0, — | CaC,0, tring
e) - DD_ + gidy quy tim — d¢ (H')
- DD, + NaCH,COO + K.,Cr,0, — } BaCrO, vang
g - DD, + gidy quy tim — d¢ (H*)
- DD, + NaCH,COO + (NH,),C,0, — { CaC,0, tring.

Cau 9
X = NOj
Cau 10 |
~ (NH,C,0, —~ 2NH, + C,02” ; HCl » H* + CI" ;
CaCl, — Ca®* + 2CI,
C,0; + H" — HCO;

0,005 1 :
- (1-0,005) 0,005

K&t qua tinh : Cegt - Cczoi- < Ks(CaCzoq)
— khéng cd két tia CaC,0,.
- Thém NaCH3COO : ¢d két tda trAng xuft hién

~ NaCH,CO0 - Na® + CH,C00~
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- - 2_.
HC,0, + CH,CO00™ —C,0;” + CH,COOH
du
Ca’t + 0203‘ — | CaC,0, trdng
(khéng tan trong CH,COOH)

Cau 11
- K,Cr,0, — 2K* + Cr, 03"
BaCl, —Ba® +2CI°
HCl —H' +CI
Cr,03” + H,0 =2H" + 2Cr02~ | (1)

Khi ¢6 du H*, can bing (1) chuyén dich sang trii — khéng
¢ | BaCrO,, dung dich c6 mau héng da cam (CrZO.z,,h).

- Khi thém NaCH,COO du thi :
CH,CO0™ + H* — CH,CO0H
Can bang (1) chuyé&n dich sang phai
va Ba?® 4+ CrOﬁ_ — | BaCrO, vang

CHUONG 5

Céu 1
~ | nau (Ag,)0) tan nhanh trong thusc thi du (tao Ag(NH,)})

- Thém HCI : | tring (AgCl
- Thém HNO, : khong cé két tua.

Cau 3
- l Ag20
- hoa tan | bing HNO, , HCIO, , CH,COOH, (H,80,), NH,,
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Cau 4 .

~ HNOj, HCIO, : 2Ag,Cr0, + 2H" — 4Ag" + Cr,02” + H,0
- NH, : Ag,CrO, + 4NH, — 2Ag(NH,); + CrOZ~

Cén §

PbX, (X = CI",Br",17) ; PbSO, ; PbCrO, ; PbS.

Cau 6

| tring Pb(OH),, tan trong thude thia du (PbO%*).

Caun 7

~ KI: Pb* + 2I" — Pbl, | vang, tan trong nudc néng, két
tinh lai khi ngudi cho tinh th& vang

- K,CrO, : Pb?t + CrOﬁh —PbCrO, | vang, tan trong NaOH du.
- H,S : P¥** + H,8 — PbS | den + 2H*
hoac H,80, : Pb** + S02™ —PbSO, | tréng, tan trong NaGH du.

Cau 8
- { trdng PbCL,, tan trong nude ndng

= | Pbl, vang (do Ks(Pblz) < Ks(PbCLz))

Cau 9 ?
{ (Hg + HgO) den.

Cau 10
ik [HgZONHZ]NO3 + Hg (den).

Cau 11

Hg | lén Cu (sdng bac).
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Cau 12
Hg | (den).
Cau 13 '
Phan tich theo su d6 phan tich nhém III.
€Cau 14
- DD, + HCl du — | AgCl trdng, hoic ;
- DD, + KI ~ | Agl vang
- DD, + H,8 — | Ag,S den.
Céau 15

~ 4 0 (BaSO, + PbSO,) + NaOH du -~ | 1 (BaSO,) + DD,
(PHOZ") -

- DDl + HZIS — | PbS den.

Cau 16

- | vang PbCrO, (xudt hién truée ) + BaCrO,
Cr,03” +2Pb*" + H,0 +2CH,CO0™ — 2PbCr0, | + 2CH,COOH
Cr,07" + 2Ba’" + H,0 + 2CH,C00” —2BaCr0, § +2CH,COOH

- | tan mot phén (PbCrO, — PbOZ").

Cau 17

Cach 1. Lam k&t tia Ag’, Pb* bang HCL Tim ching trong
} va tim Ba®' trong dung dich.

Ngoai ra ¢d th€ dung cdc cich sau :
Cach, 2

+ DD, + NaCH,CO0 + K,Cr,0, — | 1 (BaCrO, + PbCrO,
+ Angr64) '

-4 1+ NaOH du — | 2 + DD, (PbO2")
- DD, + ting giot HNO, — | PbCrO, vang
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- 12 + HOI du —» |3 (AgCl) tréng + DD, (Ba2" + Cr,08")
- DD, + NaCH,;CO0 — | BaCrO, vang

Cach 3

+ DD, + NaOH du ~» | 1 (Ag,0) + DD, (PbOZ”~ + Ba®*
- DD, + HCl du — | PbCL tréng + DD, (Ba**,Pb*"

~ DD, + NaCH,COO + K,Cr,0; = | BaCro, vang, khong
tan trong NaOH.

+HC]
-4 1+ NH; - DD, —— | AgC! tréng

Cau 18
+ NH, : - Pb(CH,CO0), — | Pb(OH), tréing

+NH, du
~ AgNO, — | Ag,0 nau

Ag(NH,); tan
- Ba(NQ;)}, — khéng cé |

+ NaOH du
+ NaOH : - Pb(CH,C00), — | Pb(OH), trdng ———— Pb0OZ"

tan
~ AgNO; — | Ag,0 néu
- Ba(NO,), khong ¢6 |
+ HCl : - Pb(CH,CO0), — | PbCl, trédng, tan khi dun ndng
~ AgNO; — | AgCl trdng, khéng tan khi dun nong
- Ba(NO,), - khéng c6 |}
Cau 19

DDA + K,CrO, — | 1 (ving + n&u gach) (PbCr0, + BaCrQ,
+ Ag,Cr0O,)

~ ¢ 1 +NaOH du — | 2 (BaCrO, + Ag,CrO,) + DD, (Pb0%")
(Cr0?)
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- DD, + ting giot HNOQ; — moi ddu cé | vang PbCrO,, sau
dd | tan :

- |2 + HNO, du : | tan — DD, (Cr,07" héng da cam + Ba®*
+ Ag').
Caun 20
+ DDB + Na,50, — |1 (CaS0, + Pb50,) mau trang.
_ }1 + NaOH du — | 2 (CaSO,) + DD, (Pb0O}")
tI]
+ | 2 + Na,CO; —= | 3 (CaCOy)

+H(NH,,C,0,

{3 + CH,COOH — Ca®* + CH,C00™
DD, + \st — | PbS den.

{ CaC,0, tring

CHUONG 6

Cau 2

a) K&t tua tring (Zn(OH)z) tan nhanh trong thude thi du
(tao ZnO%_).

b) Két tua tring (Zn(OH)z) tan nhanh trong thudc thit du
(tao ion phde Zn(NH;)3").

¢} C6 mii khai cia NH, bay ra ; dung djch khéng mau (tao
jon phite Zn(NHS)i*). '

Caua 3

a) K&t tia tring keo (Al(OH)s‘), tan trong thufc thd du
(tao AlQ;).

b) K&t tia tring keo (AL(OH),).
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¢) Cé mii khai caa NH; bay ra, cd két taa trang, béng
(AOH),).

d) Két tha tan.

Cau 4

a) Két tia luec xam (Cr(OH),), tan nhanh trong thufe du
(tao ion CrO, xanh luc)

 b) Két tia luec x4m (Cr(OH)3)

¢} Cé mui khai cia NH, bay ra, c6 két tia luc xam (Cr(OH),)

d) Két tta tan,

Cau 5

a) K&t tda luc x4am cta Cr(OH),, tan nhanh trong thuéc
thi du tao ion CrQO; xanh luc, dung djch chuyén sang mau

vang (CrO2 ).

b) Dung dich mau xanh tim khéng bén (H3Cr08) chuyén
nhanh thanh dung dich xanh ve (Cr*)

+ .
H HzO2 ; H

Cr0;” —> Cr,0%" H,Cr0; — ¢t

Cau 6
a) H,8 : Zo** + H,S == ZnS | tréng + 2H*
b) Cu®* va (NH,),[Hg(SCN),]

Cu?* + Zn?* + 2Hg(SCN);” — CuZn [Hg(SCN),], | tim, den
ho#c xanh dam.
c) K,[Fe(CN)]

8Zn’" + 2K* + 2Fe(CN)}™ — K, Zn, [Fe(CN),), | tréng
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Cau 7

a) Két tia trang (Sn(OH),), tan nhanh trong thudc thi du
(tao Snog_)

b) K&t téa trang (Sn(OH),)
¢) K&t tia tan (tao Sn®" hosc _SnCli_)

H,0,
d) Sn03” SnOZ~

OH

Cau 8

a) Két tua tring keo (Sn(OH),), tan nhanh trong thudc thit
du (tao SnO%')

b) Két tiéa trdng keo (Sn(OH),)
c) Két tia tan (SnCi2™)
d) Két tia khong tan vl chuyén sang dang B-H,;5n0, kho tan.

Cau 9
Sn?* + 2Hg?* + 2CI" — Sn** + Hg,Cl, | tréng

Cau 10 .

’ st du
Sn’* +2Hgt +2CI" — Hg,Cl, § ——>2Hg | + Sn** + 201

tring den .

Cau 11

a) Dung dijch cd moi trudng axit manh (trdnh su thiy phan
cna Sn?t ; Sn*H)

233



Eg gt = 0,138V > ECZ)IIJ(JHz = 0,000V >
= — o = —
> Bt = —0,14V > Epat,. = 0,44V

— Trudc tién Fe khit Sn*' — Sn?
Tiép theo Fe du khi H* — H,
Do dé : Fe khong khit Sn®* — Sn.

b) Vi Egi*p2+(0,77V) > Egstigrt > Bt

Cau 12

a) Hén hop AP* ; Zn®* ; Sn®* ( DD

Céch 1 :

+ DD, + HgCl, hoac dung dich I, ~ hé tinh bot nhgn ra Sn?

+ DD, + NHy du - DD, + | 1

~ DD, (Zn(NH);") + H,8 — ZnS| trdng ; § 1 + HCl —
DD,

- bb, + H,8 — SrS | (nau s6cdla) + DD,

- DD, (dun dudi H,S) + NH, du — | tring keo (A{(OH),)

Céch 2 :

+ DD, + H,S — DD, (A**) + | 1 (Sn8, Zu8§)

- DD, (AP} + NH; du — Al(OH); | tring keo

-} 1+ (NH,),S, — DD, (Sn83") + | 2 (ZnS)

- DD, + HCl — SnS, | vang, | 2 + HCl — DD,

- DD, + H,0 (pha losng) + H,8 — ZnS | tring
b) Hén hop AI** ; Cr** ; S5n** (DD
Céach 1 :

+ DD, + NaOH du + H,0, ~» DD, (AlO; ,$n0}"; CrO;)
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- DD, + BaCl, — BaCrQ, | vang + DD,

- DD, + HCl + H,8 — SnS, | vang + DD,

- DD; + NH; du — Al(OH); | tring keo,

Céach 2 :

- DD, + H,8 — | vang (SnS;) + DD,

- DD, dun dudi hét H,S, + NaOH du + H,0, — DD, vang
(CrO37) + ALO;

- DD, + NH,CI i, | trdng boéng (AlOH),)

¢) Hén hgp Cr* ; Sn?* ; Zn® (DD

Cach 1 :

- DD, + NH; du — DD, + | 1 (Cr(OH); + Sn(OH)))

DD, (Zn(NH;){*) + H,S —2nS | trng, | 1 + HCl - DD,

- DD, + H,S ~— SaS | nsu (sécola)
- DD, + NaOH du + H,0, — Cr0}™ (dung dich mau vang)

Céch 2 :

~ Nhan bigt Cr3t

DD, + NaOH du + H,0, — dung dich mau vang : Cr0j~

- Nhan bigt ZnZ* _ '
DD, + NH, du = DD, + | 1

. DD, + H,8 —» ZnS | tring

- Nhan biét Sn?*

DD, +HCl + HgCl, —Hg,Cl, | tring hodc hén hop (Hg,Cl, + Hg)
l xam.

d) Hén hop Ba® ; Cr* ; Sn?" (DD)
- Ba** : :
DD, + H,80, — BaS0O, | tréng + DD,
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_ Cr3+
DD, + NaOH du + H,0, — Cr0;” vang

- Sn?*

DD, + HCI + HgCl, — Hg,ClL | trdng hoac hén hgp
(Hg,Cl, + Hg} | xdm.

g) Hén hop Ag" ; AI** ; Zn?* (DD )

- DD, + HCl — AgCl} trang + DD,
DD, + NH, du — AI(OH), | keo tring + DD,

DD, + H,8 — ZaS | trang
hodc

DD, + NaOH du -» DD,

1
DD, + NH,Cl(r) — Al(OH); { keo trdng + DD,

- DD, + H,8 — ZnS | tring

e) Hén hgp : Pb%* ; Cr** ; Zn* (DD)

Céch 1 :

DD_ + H,SO, du — | 1 + DD,

{ 1 + NaOH du — DD,

DD, + H,5 — PbS | den

DD, + NH, du — Cr(OH), | xanh lyc (xdm) + DD,

DD; + H,8 -+ ZnS | tring.
Céch 2 :

- DD, + NaOH du + H,0, — Cr0O}” vang
- DD, + HCl — PbCL | tréng

- DD, + NH; du - | 1 + DD,
DD, + H,S — ZnS | tring
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Cau 13 :

a) + Dung NH, du

- AICL, : c6 AI(OH); } tring keo, khéng tan trong thudc
thi du.

- ZnCly : c6 Zn(OH), | trang, tan nhanh trong thudc
thi du (tao Zn(NH,)2").
+ Ding nude H,S
~ AICl, : khong 6 hién tugng gi
- ZnCl, : c6 ZnS | tréng..
b) + Dang H,S
AKNQ,}; : khéng cd hién tuong gi .
Pb(NO,), : cé PbS | den.
+ Dung HCI (hoac KI, KBr)
— Al(NG,), : khéng cd hién tuong g

- Pb(NO,), : ¢ PbCl, | trang (} Pbl, vang ; | PbBr,
vang nhat).

+ Ding Na,S
- AlNO,}, : cd Al(OH), | tring
Pb(NO,), : cd PbS | den.
c) + Dung HgCl,
- 8nCl, : ¢d Hg,Cl, | tring hoac Hg | den
- AlICl; : khéng cd hién tugng gi.
+ Dang dung dich I, - hd tinh bst
~ SnCl, : mit mau xanh cda thuéc thi
— AlICl, : thudc thi khéng ddi mau.
+ Dung nuéc H,S, Na,S.

Cau 14
Dung NaOH du
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AgNO, : e¢d Ag,0O | néu
NH,NO, : khi dun ndéng cd NH; 1 mui khai
BaCl, : khéng cd hién tugng gi

- ZnCl, : eé | Zn(OH), tring, tan trong thudc thu du
(Zn®Z7) ; thém tiép NH,NO,, dun néng — NH; 1, dung dich
khong mau va khéng ¢d | xufit hién.

~ AICL, : c6 | AHOH); trang keo, tan trong thudc tht du
(AlQ}) ; thém tiép NH,NO,, dun néng — NH; 1, o6 Al(OH), |
trang bong.

Cau 15

a) Gify quy chuyén sang mau dé (vi moéi trudng axit manh
d€ tranh sy thiy phan cia Sb3*)

b) Két taa tring SbOCI

¢) Két taa tan, tao SbCE™.
Cau 16

a) Sb,S, | + 3877 — 28b8}"

2= 3
b) 8b,S, | + 3527 — 256837 + 8.

CHUONG 7

Cau 4
0" du
a) DD, + NaOH — mu6i bazo | xanh -—— Co(OH), | hdng
+H,0,
e Co(OH)3 |} nau
2Co(OH), | + H?'O2 — 2Co(OH),4 |
b) - Duang HCIl dac
2Co(OH), | + 6H' + 2CI" — 2Co™ + Cl, t + 6H,0
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- Dung hén hop (H,0,, HNO,)
2Co(OH); | + H,0, + 4H' — 2Co®* + 0, t + 6H,0

Cau §

+NH, +NH, du
DD, —— muéi bazo | xanh — dung dich vang Co(N H,)

2+
6

*H0, . 1+
—— dung dich mau dé héng Co(NH,)¢

Cau 8

+ NaOH +NaOH du
DD, — muéi bazo }

Cu(OH), | xanh luc

+NHNO,
——— dung dich xanh dam Cu(NHzg)iJr

Cu(OH), + 4NH] + 20H — Cu(NH,)?* + 4H,0

Cau 9

+Na,S
- DD, + H,S — Hg8 | den —— két tia tan (HgS2")
- Thém HCI : két tha xuét hién tro lai

HgS2™ + 2H' — HgS | den + H,S t

Céu 12

+ Hg,Cl, | tréng, thém ti€p Sn?* (du) thi | chuyén dén
sang mau xim rdi den.

+ | trdng xuit hién r6i héa den ngay.

Cau 13

+ (DD, + NH; dv) — Co(NH,)Z* ; CANH,)2* (DD,)

+ DD, + KCN du — Co(CN)§™ (= Co(CN)? ") + Cd(CN)2™ (DD
+ DD, + Na,8 — Cd§ | vang

2
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Cau 14

a) Hén hop Cu?* ; Cd®* ; Ni%* (DD
Cdeh 1 :

+ DD, + NH; du — Cu(NHy}* xanh dam
+ DD, + Na,8 — CuS, Ni$, CdS (} D

o

-} 1+ HCl 1M L2 cus) + DD, (Cd*, Ni*")

- DD, + NH, + HDim — Ni(Dim), | héng

- DD, + NH, du + KCN du + Na,8 — CdS | vang.
Cach 2 :

+ DD_ + NH, du — Cu(NHp;" xanh dam

+ DD_+ HCl t&i pH =~ 0,5 + H,8 = | 1 (CuS + CdS) +
DD, (Ni%)

- DD, : dudi H,8 + NaAc + HDim — Ni(Dim), | héng

- | 1+ HC IM l—a-DD2 (€a*h

- DD, + NH, du + KCN du + Na,§ — CdS | vang

b) Hén hgp : Hg? ; Cu®* ; Co** (DD

DD, + HOI téi pH ~ 0,5 + H;S — | 1 (CuS, HgS) + DD, (Co™)
- DD, +.NH, dac + KSCN + axeton —» Co(SCN);~ xanh |

tO

- } 1+ HNO, — DD, (Cu®) + | 2 (HgS)
- DD, + NH, du — Cu(NH3)3+ xanh dam

- | 2 + HCl dac + HNO, dac — HgCl{~ : phat hi¢n Hg**
bing SnCl,.

c) Hén hop : Hg?* ; Cd** ; Co?* (DD

DDO+NH3du+st—>L 1
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o

- 4 1 + HCl 2M — |2 (HgS) + DD, (Cd*, Co®")
(hoac : DD, + HCl 2M + H,S — |2 + DD))

- DD, + NH, du + KSCN du + axeton — Co(SCN); xanh

- DD, + NH, du + KON + Na,§ — CdS | vang

- | 2 + HNO, + HCl — HgCE™ : phat hi¢n Hg? bang SnCl,.

d) Hén hop : Cu?* ; Cd¥* ; Ni?* ; NH, du (DD_)

+ DD, ¢ mau xanh ddm cia Cm(j\"H:,‘)i+

+ DD, + KCN du + Na,§ — CdS | vang

+ DD, + HCI tit t tdi mét mau xanh ddm + HDim -»
Ni(DimJ, | hdng.

Céau 15

a) DD, + NaF du (chuyén Fe**, AI** vao phte floro bén)

+ NH,SCN + axeton — Co(SCN);~ xanh
Céch 2. DD, + NH, du — |1 + DD,
DD, + H,0, — Co(NH,);" héng
b) + DD, + HNO,, t° (oxi héa Fe** — Fe’*) + NH; — DD,
+ 41

- DD, + HDim -» nhan fa Ni*

Hodc

+ DD, + NH, du + H,0, - |1 (Fe(OH),) + DD,
(Ni(NH,)2", Zn(NHyZ")

- DD, + HDim — nh4n ra Ni¥

¢) DD, + NH, du + NH,SCN du + axeton — nhan ra Co’* :
mau xanh cda phde Co(SCN);~ (trén | AgSCN mau tring).
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Cau 16

a) Tim Hg®* : ding SnCl, hoae Cu
b) Tim Cd?* :-DD_ + NH, du + KCN du + Na,S — CdS | vang
¢) Tim Cu®* : dung NH, dac

d) Tim Ni** : DD, + NaHS80, + KSCN du + HDim — dung
dich dé (trén CuSCN | tring)

e) Tim Co?* : DD + NaHS0, + KSCN du + axeton — dung
dich xanh Co(SCN);™ (trén CuSCN | tring).

Cau 17

a) Cdch 1. Nho t td ting giot NH, cho dén du :

AlCl, : Al(OH), tring keo

Cd(NO,)}, : | tréng, tan nhanh trong thuéc thi du
AgNOS : | néu, tan nhanh trong thufc thd du

BaCl, : khong cd hién tugng gi ,

Dung BaCl, hoac AICI; d€ ki€m tra lai AgNO, va Cd(NO,),
Cach 2. Nho tit ti¥ dung dich NaOH

— AICl; : | trdng, tan trong thudc thi du (AlO))

- AgNO,; : cé Ag,0 | nau

Cd(NO,), : | tréng

- BaCl, : khong cd hién tugng gi

Céch 3. Nhd tir t¥ Na,3

- AlCl; : ¢ Al{OH), | trang keo

- AgNO; : c6 Ag,S | den

Cd(NO,), : 6 CdS | vang

BaCl, : khong cdé hién tugng g

b) Cach 1. Nho ti tit NaOH cho téi du
-~ CdBO, : cd Cd(OH), } trang

| | t
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- Hg(NO,), : cd HgO | vang

- Pb(NO,), : | tréng, tan nhanh trong thudc thir du (PbO3")

~ BaCl, va Ca(NQ,), : khéng cd hién tugng gl ; dung Pb(NO,),
dé phan biét BaCl, va Ca(NG,),.

Cach 2. Nhé ti tit Na,S (bio hoa) cho toi du

- CdSO, : c6 CdS | vang

- Hg(NO,), : c¢d HgS | den, tan trong thudc thu du

- Pb(NO,), : ¢ PbS | den

- BaCl, va Ca(NQ,), : khong cé hién tugng gi ; ding Pb(NO,),
d€ phan biét ching.

¢} Céch I. Nhé ti ti NH, cho téi du

- M(N03)3 : | tring keo

~ ZnCl, : | trdng, tan nhanh trong thudc thu du
- Pb(NQ,), : | tring

Dung ZnCl, d& phan biét Al(NO,), va Pb(NO,),.
Céch 2. Dung Na,8 |

- AI(NO,); : | trang keo Al(OH),

- ZnCl, : | ZnS tring

- Pb(NO,), : { PbS den

Ding Pb(NO,), dé phan biet AKNO,), va ZnCl,
Céach 3. Ding nuéc H,S

- Pb{N03)2 : | den PbS.

- ZnCl, : | trdng ZnS

- AI(NQ,), : khéng c6 hién tugng gi.

d) Cach 1. Nho tit tit NaOH cho toi du

- CdSO, : | tring Cd(OH),

- AgNO; : | nau Ag,0

~ CaCl,, Ba(NO,), : khoéng cd hi¢n tuong gi, dung AgNO,
dé phan biét ching. '
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Céch 2. Dung Na,S

- CdSQ, : | vang CdS

- AgNO, : | den Ag,S

- CaCl,, Ba(NO,), : khéng ¢d hién tugng gi ; dung AgNO,
dé phan biét ching (CaCl, cho AgCl |).

Cau 18
a) Hén hgp Ba®* ; Zn™ ; Ag' ; Pb?* (DD,)
DD, + HCl — | 1 (AgCl + PbCL) + DD, (Zn%', Ba®)
+ Tim Ag va Pb trong |1
+ DD, - tim Ba* bang H,S0,

- tim Zn%* bang HZS hoac NaZS (sau khi kiém hda
bang NH;).

b) Hén hgp : Cd**, Ca®, A**, Zn? (DD )
+ DD, + H,S0, + rugu : | tring CaSO,
+ DD, + NH; du — | 1 (Al(OH);) + DD,

NI, CI
- | 1 + NaOH du — Al0; —— A(OH), | tréng bong
H

+ DD, + HCl + H,8 — | vang CdS
+ DD, + NaOH du — | 2 + DD, (Zn02™, AIO] ; Ca®*)
DD, + HCI loang + H,8 — ZnS | tring.
~¢) Hén hop : Cu®, Cr™, Ni¥*, Pb¥* (DD,).

DD, + NHy du — DD, xanh dam (Cu(NH,)2*, Ni(NH,)}*) +
{ 1 (Cr(OH), ; Pb(OH),)
- DD, + NaHS80, dén m#4t mau xanh + HDim — Ni(Dimj,
hong

- {1 + NaOH du + H,0, — DD, (Cr0}™ vang + PbOZ")
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DD, + BaCl, — | vang + DD,

DD, + HCl — PBCL, | trang
d) Hén hop : Hg? ; Cd* ; Co™ ; A ; Zn® (DD
+ DD, + NaOH du — |1 + DD, (AlO; ; ZnO3")

3}

t

- DD, + NH,Cl — Al(OH), | trang bong + DD,
- DD, + H,S — ZnS | tréng
+ DD, + NH, du - | + DD,
DD, + H,0, — Co(NH,)}* héng
+ DD, + HCI + SnCl, — Hg,Cl, | tréng hosc Hg | xim
+ DD, + KCN du + Na,S bao hda — CdS (+ ZnS) | vang.

Chi y : Néu mau vang cia | khéng rd thi cho vao | mét
it HCI loang (~ 0,5M). Lic dd, ZnS tan, mau vang cda | s&
ré hon.

CHUONG 8

Cau 3
Sau khi tron
Cra* = 5.107'M ; Gyt = 5.107°M ; Cyy = 5,25.10°M.
NH, + H' = NH
525107 5.1073

2,5.107* 0 5.1073
[NH,] 5.107
[H'] = K ——~—[NH‘;} = 10703 xS = 1077

[OH") = 107606
Cpet . Coy~ =5.107%107%%), = 3810716 < K recorpy, (= 10719
Khéng co Fe(OH), | .
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Cau 4
Diéu kien |

3 =37
3 - _ -" — .
CF“:H".COH > K = Cqoy > \"KS/CF33+ = 1022 = 10

— pOH < 11,7 hay pH > 2,3.

Cau 5
Sau khi trén
Cpg+ = 5.107°M ; Cyy+ = Cyyy = 0,01M
NH, + H* = NH;
0,01 0,01
0 0 0,01

nén [H'l = V1022 1072 = 107562
[OH™] = 107838 |
- — —-37
Crg+- Coum = 107274 > K opyy (= 107) —~e6 | Fe(OH),

Céau 8
Co | den FeS.
Cau 7
Sau khi tron
Chg = 5.107°M ; Cpo* = 5.1073M ; Cy+ = 5.10°M

2Fe® +H,8 — 2Fe? +8+2H 1gK = 20,3
51073 5103 5.1072
0 25103 5107 (5.107%+5.107%

K, K, « [H]

, KK 5.1073, 1071992 -
= [87] = Gy 5 1+22 - % =i U
* HY (5,5.107%)
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Cpet - Cg~ = 510210720 = 1023 < K (= 10779 ¢
khéng c6 | FeS.
Cau 8
Fe,S, + 4H' == 2Fe’* + 8 + 2H,5 ¢
Cau 9

a) Phan @ng phét hién Fe?*

- K,[Fe(CN] : DK pH < 7, khéng cd chit oxi hda va
chit khya

~ HDim : DK dém NH; + NH, |

che Cu?*, Ni%* bang KCN, Fe** bing NaF hoic ion tatrat.
b) Phan dng phét hién _Fe3+ '
- K (Fe(CN)¢} : PK pH < 7, du thudc thd.

- KSCN : DK moi trudng axit, du thube thd, che Co?*, Cu®*
bing KCN.

Cau 10
Sau khi tron

Ceo* = Cson~ = 5.107°M 5 Cp= = 5.107' M
Fe** +3F — FeF,

5107 5107}
- 0495 5103
FeF, = Fe’* + 3F 1071296
Fe3* + SCN™ =  FeSCN# 10>93
FeF, =+ SCN = FeSCN** +3F 1070
c 51077 5.1073 0,495
[1 &103-% 6103 -x%) X (0,495 + 3%)

Két qua tinh : x = [FeSCN*'} = 2.107" «7.10°® : khong
¢6 mau d6 xuit hién.
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Cau 11

Sn?* khi hoan todn Fe> —» Felt. Néng a6 Fe* con lai qud
bé. Do dd, khéng thé ¢ mau cia phic FeSCN?* xust hien.

Céau 12

2F + 2Fe™ —2Fe? +1,

I, + H6 tinh bot — mau tim xanh.

Cau 13

0,
= { Mn{OH), trdng —— Mn(OH), + MnG(OH), + MnMnO,
(khong khi)
niu gach
Phan dng xdy ra nhanh khi thém H,0, :
OH _
- Mn(OI-I)2 1 + HZO2 — MnO(OH}!2 { néu gach

Cau 14

- NH, + H' = NH} ; trong h¢ dém (NH, + NH}) khong
cd Mn(OH)2 )

— Khi thém H,0, thi cg MnO(OH), | nau.

Céu 15

+ PbO, + HNO,
2MnO(OH), | + 8Pb0, + 4H" — 2Mn0, + 3Pb>* + 4H,0
+ HCl dac
MnO(OH), | + 2CI" + 4H' — Mo +Cl, t + 3H,0
+ H,0,, HNO,
MnO(OH), | + H,0, + 2ZH' = Mn* + 0, 1 + 3H,0
+ axit oxalic — phiic [Mn(C,0,),]” mau do dau.
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Cau 18
- 2Mn?* + 5PbO, + 4H* — 2ZMnO; + 5Pb** + 2H,O
néu du MnZ* thi : Mn?" + MnO, - MnO(OH), | n&u gach

dung dich m&t mau tim.
- Khéng dung HCI vi

2MnO, + 10CI + 16H* — 2Mn?* + 8H,0 + 5CL, 1

dung dich m&t mau tim.

Cau 17
Mn* + 20H" =Mn(OH), | tring
Mn(OH), | + H,0, = MnO(OH), | niu gach + H,0
them HNO, thi H,0, cdn du s& khir MnO(OH), | thanh Mn?*
MnO(OH), | + H,0, + 2H* — Mn?* + O, t +3H,0
Cau 18

Sau khi tron : Cyyy = Cppt = 5107 ; Cyp+ = 2,5107°M

NH, + H' =NHj
5.1073 2,5.1073
2.5.107> 0 25103
[NH;)
H'] = K, .—— =K. = 10752 . [OH"] = 107 %7¢
[H"] > INE] A [OH™]
2 _ -11,82 — -115 . .
CMgz+'COH_ = 10 < KsMB(OH}z (= 107"") : khéng cd |
Mg(OH),.
Can 19

- Mg? + NH, + HPO?" = MgNH,PO, | tinh thé tring
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-~ Thém HCI : | tan do
MgNH,PO, | + 2H' —» Mg” + NH; + H,PO,

Cau 20
Dung dich v&n duc do :
Bi** + H,0 + NO; =BiONO, | + 2H"

Céu 21

Sau khi tron : Cpg = Cy+ = 5.1072M ; Cpav = 5.107M
[SZ—] = 5_10-2‘10—19,92’(101,3)2 — 10—18,62

Cla+ . Ch~ = 1076046 5 Kgis, = 107°7 ¢6 | Bi,8, den
Cau 22

+ Trong HCI + H,0,

Bi,S; + 3H,0, + 6H' = 2Bi*" + 3S + 6H,0 IgK = 128
+ Trong HNO,

Bi,S; + 2NOj + 8H' = 2Bi*" + 85 + 2NO + 4H,0 1gK = 46

Cau 23 .
; . = -2 . = = -3

Sau khi tron : C'HZS = 5.107°M ; CMnA+ =Cy+ =5.10"M

[SZ—] — 5‘10—2_10—19,92(102,3)2 = 10-—16’,62

Cor= - Cppz+ = 1071892 < g = 1079 : khéng c6 MnS |

Cau 24

a) Hén hop : Mg?, Fe’*, Mn?* (DD

Cach 1

+ DD, + (NH; + NH,CD) + H)0,, t° — | 1 (Fe(OH), ;
MnO(OH),) + DD, (Mg?*)
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- DD, + Na,HPO, -> MgNH,PO, |- tring tinh thé
- { 1+ HNO, — | 2 (MnO(OH),) + DD, (Fe*")
tim Fe** trong DD,, Mn trong | 2

. 2-1-)DD0 + K fFe(CN)(] — | xanh Fe,[Fe(CN).], (kiém tra
e’ ).

Cach 2
DD, + NaCH,COO + H,8 — | 1 (MnS ; FeS) + DD, (Mg™)

- DD, : dudi h&t H,S, thuc hién phin ung taoc MgNH,PO,
{ trang tinh thé. :

- }1 + HCIL dén tan, tim Fe?* va Mn% bing phaning dac
trung.

b) Hén hop Mg ; Bi¥* ; Fe* (DD

Cach 1 o

DD, + NH, 2N — | 1 (Fe(OH);, Bi(CH)y) + DD; Mg™)
- DD, : tim Mg® bang Na,HPO,

- {1 + HNO, — DD, : tim Fe**, Bi** bing phan dng dac
trung

Céch 2

DD, + H,8 — | 1 (Bi,S;) + DD, (Mg?, Fe**)
Sn0.

- | 1+ HNO, — DD, (Bi*) Bi | den
NaOH

o

. L
DD, : dudi hét H,S8, + NH, t6i c6 mai + H,0, —

DD, (Mg™) + | 3 (Fe(OH),)
tim Mg®" trong DD, bing Na,HPO,
}\ 3 + HNO, — Fe*, phat hién bing SCN .
Cach 3. Tim truc ti€p cac ion tit DD,
+ tim Fe* : DD_ + K,[Fe(CN)] hoac KSCN
+ tim Bi** : DD, + H,0 + NaCl

i
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+ tim Mg® : DD, + NH, dv — | 1 + DD,
tim Mg?* trong DD, bing Na,HPO,

¢) Hén hgp : Mn®, Fe**, Cu®* (DD )

Cédch 1

tO

DD, + H,0, + NH, du — {1 (MnG(OH),, Fe(OH),) + DD,
xanh dam - Cu(NH:,’)i"'

-} 1+ HNO, - | 2+ DD,

Tim Mn trong | 2 bing hén hop PbO, + HNO,

Tim Fe** trong DD, bang KSCN.

Cach 2

DD, + HCl + H,8 ~» | 1 (CuS + §) + DD, (Mn%, Fe?)

-~ 4 1+ HNO; - DD, + |2 : nhan biét Cu? trong DD,
bing NH, dac

- DD, : dun st6i d€ du8i hét H,S, tim Mn?* va Fe** bang
phan dng dac trung.

d) Hén hgp : Co? ; Fe?* ; Mg?*
Chch 1 '
+ DD, + NH; du — | 1 (Fe(OH), Mg(OH),) + DD,
(Co(NH,)Z™)
DD, + NH,SCN + axeton (d€ nhan bit Co2*)
{ 1+ HNO; —» DD,
DD, + NH,; dac — | 2 (Fe(OH), + DD, (Mg?")
- Hoa tan | 2 bang HNO,, tim Fe** bang SCN-
DD; + Na,HPO, — MgNH PO, | tréng
+ DD, + K,[Fe(CN)] (xdc nhan Fe?').
Chi § : Néu bji "mat" Mg® thi tim ion nay trong DD, :
DD, + H,8 — | CoS + DD,. Tim Mg?* trong DD,.

i
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Cach 2
DD, + NaCH,CO0 + H,§ — |1 (FeS + CoS) + DD, (Mg*")

- DD, : dun so6i dusi hét H,S, + HCI + NH, + Na,HPO, —
MgNH,PO, | tinh thé tring

"
t

{ 1+ HCl + H,0, — DD,
DD, + NH, dac — DD, + | 2

DD, + H,0, — mau héng dam Co(NH,)."

| 2 (Fe(OH);) + HCI — DD,
DD, + KSCN — FeSCN® db

- Kiém tra Fe’* bing K,Fe(CN), ti DD,

e) Hén hgp : Mn®* ; Zn?* ; A1*

Céch 1

DD, + H,S — | 1 (Zn$) + DD,

- DD,, dun dudi hét H,S, + NaOH du + H,0, — DD,
(AIO;) + | 2 (MnO(OH),)

Tim Mn trong | 2 va tim Al trong DD,

Cach 2

- DD, + NaOH du + H,0, — }1 (MnOW©OH),) + DD,
(Zn0%™, Al0y)

Tim Zn, Al trong DD, ; Tim Mn trong |1

g Hén hop : Bi*", Ma?*, Pb?* (DD )

DD, + NaOH du + H,0, — | 1 (Bi(OH),, MnO(OH), +
DD, (PbO3")

- Tim Pb?* trong DD, (+HCI hogc +H,S)
| 1 +HNO; —~ | 2+DD,

Tim Bi** trong DD, bing SnO%r

1

}

Tim Mn trong | 2.
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Cau 26

a) - FeCl, : dung dich ¢ mau vang hodc néu.
~- Diung FeCl; nh&én ra NaOH (] dé nau)
— Ding NaOH phan bigt ANG,), va MgCl,
b) - Mr‘l‘Cl2 : dung dich mau héng nhat
- Ding MnCl, nhan ra Na,5 (] MnS mau héng thit),
nhin ra Pb(NO,), (két tia tring PbClz} con lai 1a MgCl,
- C6 thé€ dung Na,5 phan biét Ph(NO,), va MgCl,

Chi y : Néu mau dd MnCl, khéng r6 thi phai cho ting chét-
phadn tUng véi 3 dung dich con lai. Dua vao cdac k&t tda xuit
hién d€ nh#&n ra cac hda chit.

¢} — NiSOQ, : mau xanh ve
- Dung NiSO, (1 giot 1) nhan ra BaCl, (| tring BaSO,)
~ Ding BaCl, nhan ra Bi(NO,); (cd | BiOCI khi thém nuéc)

-~ Dung Bi(NO;); nhan ra KI (tao phitc miu da cam
Bil,) cbn lai 1la Zn(NO,),.

Céau 27

a) + Ding NaOH

- AgNO,; cho | n&u ; MgCl, cho | trédng ; CdSO, cho }
trdng ; ZnCl, cho | tring, tan trong thudc thi du

- Dung AgNO, dé phan biét MgCl, va CdSO,.
+ Diung NH,
- MgCl, cho | tring khéng tan trong thudc thit du
- AgNO; | nau tan trong thufc thi du
- CdS0Q,, ZnCl, cho } tring tan trong thudc thu du
- Phan biét CdSO, va ZnCl, bing AgNO,.
+ Ding H,S |
-~ AgNQ,; cho | den, CdSO, cho | vang, ZnCl2 cho | trang
(Zn8), MgCl, khéng cé |

254



b) + Ding H,S
-~ Nhén ra KCl (khéng c6 hién tugng gi xay ra).
- Céc dung dich con lai déu cho | den '

- Dung KCI phan biét Ph(NO,), (} tring tan khi dun néng)
va Bi(NO,); ({ tring sau khi thém nudc va dun ndng).

+ Co thé€ dung NH,

~ Nhan ra KCl (khéng cd phan ing), HgCl, (} tan trong
thude thua du), Pb(NO,)},, Bi(NO,}, déu cho | tréng.

- Phan biét Pb(NO,), va Bi(NO,), bang KCl (nhu trén).
+ Cd thé dung NaOH, Na,S.
¢) + Dung Na,S
- } MnS mau thit, | CdS vang, |PbS den, | Mg(OH), trang.
+ Dung NH, _
MnSO, cho | tring, hda nau d4n trong khong khi
Cd50, cho | tring tan trong thufc thd du
MgCl,, Pb(NO,), cho } tréng.
Ding CdSO, d€ phan biét ching (Pb(NO,), cho | tréng).
+ Diung NaOH
— MnSO, cho | tring hda n&u dan.
~- Pb(NO,), cho | tring, tan trong thudc thd du
- MgCl,, CdSO, déu cho | tréng

Phan biét ching bang Pb(NO,), : MgCl, cho | tréing tan dé
trong nudc khi dun ndng.

CHUONG 9 -14

Cau 1

+ AgCl : tan trong dd NH,, (NH,),CO, va hén hop C
(NH, 0,25M, Ag' 0,01M va KNO, 0,25M)
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+ AgBr : it tan trong dd NH,, khéng tan trong (NH,),CO,
va hén hop C.

+ Agl : khéng tan trong cac thufc thd trén.

Cau 2

+ | xudt hién theo tha tu : Agl vang, AgBr trdng nga, AgCl
tring

+ Hén hgp | + hén hgp C (NH,, Ag’, KNO;) — DD, ¢d

r, ASCNI,)?

Axit hda DDl — AgCl | trd lai

Céu 3

+ Thém nude clo vao dd Br~ — dd ¢d mau vang ndu cha Br,

Thém nude clo vao dd I” — mdi ddu ¢d mau tim eda L,, sau
dé mit mau do tzo I0, khong mau.

+ Dung dich hén hgp NaBr + KI': DD

Thém H,50, loang + benzen vao DD . Thém ting giot nudc
clo, lac déu Quan sdt mau tim (I,) xufit hién trong 16p benzen.
Thém dén nudc clo cho dén m&t mau tim. Thém tiép nuée clo.
Quan sit mau vang nau xuit hién trong Idp benzen.

Cau 4

MnO; + 8H" + 5e —» Mn®" + 41,0
- 8
0,050 [MnOJ](H"]
E = E° + = I
5 B Mo
[MnO; ]
E=E0+oo59 - o,osglg :
5 [Mn?*]
0.059 [MnQ,]
E = E° - 0,094 pH + ~—— 1
p 5 B
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pH » thi E

- Néu E gidm xubng < E%lﬂCl_ (1,36V) thi MnO, chi oxi
héa duge Br~, I, khong oxi hda duge CI™.

- Néu E giam xufng < E‘l;rzﬂﬂr_ (1,1V) thi MnO, chi oxi héa
duge I" ma khéng oxi héa duge cd Br~ va Cl™.

Cau b

Nhan biét halogenua trong hén hgp
a) Nal, NaCl (DB}

Nhé tit tit AgNO, vao DD_ thi Agl | vang xuét hién trude
réi AgCl | tring xuft hién sau.

b) NaBr, NaCi (DD)

DD, + AgNO, — | 1 (AgCl, AgBr)

{ 1 + hén hop C (AgNO,, NH,, KNO,) — DD, + | 2
DD, + HNO, — AgCl | tréng

DD_ + nuébc clo (cd benzen) phdt hién ra brom.

¢) Nal, NaBr (DD )

{lam nhu trong cau 3).

Cau 6

+ So sAnh dd tan :

BaSQ, khong tan trong HCi va CH,COOH
BaCO, dé tan trong HCl va CH,COOH

BaSQ, dé tan trong HCI, it tan trong CH,COOH
Tinh K

Trong HCI

i

+
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BaCO; | = Ba®" + C0O%™ -8,3

COI™ + HY = HCO; 10,33
HCO, + H* = H,0+ CO, 6,35

BaCO, | + 2H* = Ba?* + H,0 + CO, 1  IgK = 838

BaS0, | = Ba?* + 803~ -6,1
SOL” + H* = HSO] 7,21
HSO; + H* = H,0 + 80, 1,76

BaS0; | + 2H" = Ba?" + H,0 + 80, 1 1gK = 2,87
- Trong CH,COOH

BaCO; | = Ba®" + CO%” -8,3

2 x| CH,CO0H = H' + CH,C00" 2(-4,76)
+ - il

H' + CO{~ = H,CO0, 10,33

H® + HCO; = H,0 + CO, 6,35

BaCO,+2CH,CO0H == BaZ*+2CH,C00 +H,0+C0,  lgk=-1,14

BaSO; § = Ba®" + 80%” -6,5
CH,;COOH = H' + CH,C00" -4,76
H® +80}" = HSO; 7,21

BaSO,| + CH,COOH ==Ba?* + HSO; + CH,CO0~ IgK = -4,05

+ Duang HCl : - Ba30, khong tan
- BaCO, tan, CO, t, khong lam mé&t mau gifly loc tdm L
- BaSO3 tan, 50, t c6 mii x6c, lam m&t mau gidy loc t&m L.
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Cau 7

+ Na,§ + MgCl, - c6 | trang Mg(OH),
$2” + H,0 = HS™ + OH"
HS™ + H,0 = H,8 + OH
Mg? + 20H = Mg(OH), |

Q

t
+ Na,8 + 2HCl —» 2NaCl + H,§ t mui tring th6i.
§7 +2H" = H,8 = H;S 1 |
Cau 8

+ | Ag,S (mau den) xudt hién trude, réi dén AgCl | (tring)
+ Thém KCN 1M (coi thé tich khong déi)

Ag' (du) + 2CN” ==Ag(CN),

AgCl } +2CN” =Ag(CN), + CI” gk = 11,1
1072 1072
(pb&n Ung xay ra hoan toan)
Ag,S | + 4CN™ =2Ag(CN), + 8% 1gK = -7

Két qua tinh cho : [$*] = 8.107% ; [CI'] = 1072

Cé th& coi : AgCl tan hoan toan trong KCN 1M, con lai
Ag,S hfiu nhu khong tan.

Cau 9
Khit ion NO, bang Cu khi cé mat H,S50,
3Cu + 2NOj + BH' =3Cu** + 2NO + 4H,0

0,

NO, 1 né&u
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Thye nghiém :
NOS + H2804dac + Cu, dun néng — ¢d khi mau nau.
Cau 10
+  8F?' + NOJ + 4H' =3Fe** + NO + 2H,0
NO + F&** (du) + SO2™ =[Fe(NO)ISO, mau nau

Thuc nghiém :
DD NO; + FeSO,, cho H,50, dac chay doc theo thanh 6ng
nghiém — ¢6 vanh mau niu & l6p dung dich tiép xdc véi H,50,

+ NO; + H*  =HNO,
HNO, + H" + e =NO + H,0 E° =1V
Fe?t =Fe > +e E° = 0,77V

NO, + Fe’™ + 2H* =NO + Fe* + H,0

NO, oxi hda nhanh Fe”* — Fe* lam can trg phan dng.

Cau 11

Hén hop NOj,NO; : (DD,

+ Nhan biét NO; : DD + KMnO, hoto thudc thit Griess.

+ Dudi NOZ‘ : DD + NH,CI (rdn), dun so6i d€ dufi hé&t Nz;
tim NO; bang phan dng vdi Cu hosc FeS0,.

Caun 13

Hén hop PO;~, AsO}~

*+ Nban biét PO;™ bing (NH,),MoO, sau khi da che AsO3"
bang I-IZC4H4O‘S (hoac NaKC4H406).
+ Nhin bi6t AsO}” bing (KI, HCD) va hé tinh bot.
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Cau 14
+ Moi trutmg axit (pH < 32) : [ bi H,AsO, oxi hoa thanh L,

+ Mbi trudng kiém (pH > 9,2) : I, bi AsO, khd thanh I™.

Cau 15 _
DE phat hién CH,COO™ trong hén hop : CH,COO™,Cl™,
NO; ,SCN™ cén :
+ tich SCN™ va CI” bing Ag’, dudi NO; bing NH,Cl cd
dun ndng.

+ ph4t hién CH,COO™ béng Fe** (tao phic mau dé che) hodc
dun v6i H,80, dic (tao mui gidm).

Cau 16

Axit héa hén hgp NO,, 827, 17, CI”
+

thi NO; + 87— 5 + NO

H+

NO, +2I" — 1, + NO
Cau 17
a) Hén hgp : CI”, NO7, SOf7, I", Na*, X" (DD
+DD_ + B:-).C]2 — | BaSO, trdng (khong tan trong axit manh),
+ DD, + Ag" — | 1 (AgCl, Agl) + DD,
+ Tim NOj; trong DD, bing phin idng dac trung

+ | 1 + thuc khit Mile — [2 (Agl | vang) + DD,
+ DD, + HNO, -» | AgCl tréng
+ DD, + (nudc clo + benzen) : phat hién I”.
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b) Hén hop : CH,CO0™,Cl™,NO; , Cu®* Ba®* (DD) -
+ Tim trye ti€p NO; tit DD, (ding Cu + H, S0, dac)

+ Tim va tach CI” : DD + AgNO,; — | tring AgCl + DD,
+ DD, + Na,CO; du — | (CuCO, ; BaCO, ; Ag,CO,) + DD,

o

t
+ DD, + H,80, dac — mdi gifm (nh4n ra CH,COO").
¢) Hén hop : PO}, CI™, 807~ , NH; (DD

+ Tim POi_ trong DD, bing phan ing dac trung

+ DD, + Ca(NO,), du — }1 (Ca,(PO,), va CaSO, + DD,
(CH

- DD, + AgNO, - AgCl | tring
+ DD, + AgNO, du — }2 (Ag,P0O,, AgC] + DD, (S07)

-~ DD, + BaCl, — BaS80O, | trdng (khong tan trong axit,
trong NH,).

d) Hén hop : Br~, CO}~, NO;, S0~ (DD

+ DD, : nhan biét COZ™ (axit héa bang H,S0,, nhan ra t
CO, bang nuée voi)

+ DD_ : nh4n bi&t NO; bang thubc thit Griess hodc bang KI
+ benzen (axit héa DD bang HZSO4) '

+ DD, : nhén biét Br™ bing nuéc clo (axit héa DD, bing
HZSO4 khi dun néng d& dudi NO;)

+ DD, + BaCl, — } 1 (BaCO,, BaS8O,) + DD,

- § 1+ HCl du — | tréng (BaSO,) + khi CO, 1 (nhan
bigt BaCO,). |

Cau 18

a) NO; + I + H,0 — NO; + 31" + 2H" (dung dich I m4t
mau) '
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b) NO; (du) + H® — HNO, (ty oxi héa - khit cham)

2HN()2 + 31" + 2HY —» 13_ + 2NO + 2H,0 (DD lai ¢6 mau
néu).

CHUONG 15

Cau 1
X = CuS0,5H,0.
+ Cation Cu?* ;

. +NH, +NH, du ,e
DD Cu“" xanh nhat — Cu(OH),| —— Cu(NH,);" xanh dim

- Cu?* khong phan ung v6i HDim
- Cu** + H,0 = CuOH' + H* phan ung axit y&u.
+ Anion SO :
SOE_ + Ba’® - BaSO, | trdng, khong tan trong axit.
Céu 2
Y = K,HPO,

+ Cation K' : - khong tao | v&i HC], H,50, NaOH, NH,
- cho ngon lta tim.

+ Anion HPOZ2™ : - ¢ | tring Ba,(PO,), hoic BaHPO, va
| vang Ag,PO,.

- PO}” phan dng véi (NH,),M00,, HNO,
(khi c6 ca axit tatric)

- DD HPO}™ ¢6 pH = 10.

Cau 3
Z = AgNO,

263



+ Cation Ag', vi :

+er” NH, H

Ag' — AgCl | tring— .Ag(NH:,‘)2 + CI” — AgCl § tréng
+ Anion NOj

H,50,4
Cu + NO; ——— CuZ* + H,0 + NO

°
—~ NO, t nfu
2Ag" + Cu — Cu® + 2Ag | den.
Cau 4
Kiém tra Na,HPO,
+ Na* : diung phan dng mau ngon lda
+ HPOZ™ : - gify pH (pH =~ 10)
- phan Wng véi Ba?*, Ag' hoac (NH,),MoO,.
Cau &

a) NiSO, : - tan trong nudc cho dung dich mau xanh ve.
Ki€m tra :
- Ni** + 2HDim — | héng Ni(Dim),

- SO?'" + BaCl, — BaS0, } tring (khdng tan trong HCl)

b) CrCl, : - tan trong nudc — dung dich xanh lue, hose xanh tim
NaCHdu H,0,
- Pt —— CrO, — CrO2 vang
AgNO3
- CI- —— AgCl | trang
¢} Co(NO,), : — tan trong nudec — dung dich héng

- KSCNdu
- Co

Co(SCN); ™ xanh

©oaxeton
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FeSO, + H,50,d
- NOj

[FeNO]SQ‘ nau

d) Cd(CH,COO), : - tan trong nuéc — dung dich khéng mau.

- Cd“-HiS»CdS | va
vang

H,S0d

- CH,C00~ CH,COOH 1 : mii gifm

l{)
d) AL(80,), : ~ tan trong nufc — dung dich khéng mau
+NaOH NaOH du NH,CI _
- AP — Al(OH);4 tréng —— A0, —— Al(OH),} tréng
bdng.

] BaCl,
- SOE_ — BaS0O, | trang (khong tan trong HCD.

Cau 6

Hén hop NH,Cl, AgNO,, BaCl,, Cu(NO,),
+ Hén hgp cae mubi + H,O — } o (AgCl) +
+ DD, (B«2", NH;, Cu*™, NOj, CI')

+HNO,
} o + NH; —» DD, —— | AgCl tring (co Agt va CI).

+ DD, + NaOH du, dun néng — 4 Cu(OH), xanh lyc (cd
thé chuyén thanh CuO den) + NH; t (mii khai)

+ DD, + H,80, — | BaS0, tring (cs Ba’")
o 2 4 4

o

t
+ DD, + Cu + H,80, - NO, * nau (cd NO;)

+ DD, + AgNO, — AgCl | trang (c6 CI')
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-Cau 7

Hén hop muéi BaCl, K,SO,, AlCL, P.b(NO3}2 (s mol cac
chit bidng nhau).

+ H6n hgp musi + H,0 — | 1 (BaSO, + PbCl,)
DD, (AP*,NO; K", C17) '

+ | 1 + H)O l—» DD, + | BaSQ, (trdng

- tim Pb*" trong DD, (bing KI)

+ Td DD, : - tim AP* bang NH,

- tim K" bing NaHC,H,O, hoac phat hién bing mau lia

- tim NOj (Cu + H,80, dac) hoic (FeSO, + H,S0, dic)

- tim CI” bang AgNO,.

Cau 8

Hén hgp : MnSO,, Pb(NO,),, Cd(CH,COO),

+ Hén hop mubi + H,0 — } 1 trang (PbSO,) + DD, (Cd%,
Mn?*, CH,C00™, NOj)

+ } 1 (PbSO,) + NaOH du — DD, (PbO27)

- DD, + H,S — | PbS den
+ DD, + HCI loang + H,8 -+ CdS | vang
+ DD, + NaOH + H,0,

PbO, + HNO,
MnO(OH), | nau

MnO, tim
tD

+ DD, + FeCl, (tim CH,COO") hosc

IO

+Cé can DD, +H,S0,d — CH,CO0H 1 mii giim (c6 CH,CO0")

t
+ DD, + H,80,d + Cu — NO, 1 (cd NO;).
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Caun 9

Hén hop : CuCl,, MgCl,, CdCl,, Fe (NO,),

+ Hén hop musi + H,0 ~ DD, (Cu®*, Mg?*, Cd**, Fe**, CI",
NO3) |
+ Tim cation :
_ DD, + NH, du — } 1 (Fe(OH),, Mg(OH),) +

DD, (CANH;", CuNHp;)

} 1+ HCl téi tan + NH, — | 2 (Fe(OH)y) + DD, (Mg*")
- DD, + Na,HPO, — MgNH,PO, | tinh thé tring

- DD, (cd mau xanh dam cia Cu(NH3)i+) + KCNdu + Na,S
— CdS | vang

- DD, + K,(Fe(CN);l — | xanh ddm (c6 Fe'")

Chi § : Néu "médt” Mg thi tim nd trong DD, sau khi lam
k&t tia Cd?*, Cu®* bang H,S.

+ Tim anion :
- DD, + AgNO, — AgCl } trang (c6 CI')

o

t

- DD, + (Cu + H,S0,d) — NO, t mau nu (cs NO,).

Cau 10

Hén hgp : BaCl,, Pb(NO,), , ZnCl,, MnCl,, Cu(NO,),

+ Hén hgp mudi + NaOH du — | 1 (Mn(OH),, Cu(OH),) +.
DD, (ZnO%™,PbO%™,Ba’*, Cl™,NO;)

+ Tim cation :

lO
-} 1 + NHjdu - | 2 + DD,: Cu(NH;}" xanh dam

(=]

t
- | 2 + PbO, + HNO; — MnO, tim
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- DD, + HS0, — | 3 (BaSO, PbSO, +

DD, (Zn**,NO;, CI)

¢ 8 + NaOH du - | BaSO, tréng + DD, (Pb0OZ~,S02")
- DD, + HNO, — PbSO, | tridng

- DD, + NH, du + H,5 — ZnS | trang.

+ Tim NO; :

]

©
+ Tim CI” : DD, + AgNOI3 — AgCl | trdng, tan trong NH,.
Cau 11 '

a) Hén hgp (Fe + Fe,0,) + HCI :

+HCt ,
Fe —H, t + jli‘eC]2
t

+HC| +KSCN
- Fe,0, - Fe** + H,0 —» Fe(SCN), dé méu

lﬂ
b) - Hén hop (Fe,0, + ALO,) + HCI —» DD, (F**, APY)
- DD, + NaOH du — | Fe(OH),ds nau + DD, (AIO})

(=]

t
DD, + NH,C] (r&n) — Al(OH), | tréng béng.
) - Hén hgp (FeS + CoS) :

x]

o

t
(FeS + CoS) + HCl — H,S1 + DD, (FeX*, Co?t)

DD, + NH,du — Fe(OH), | xanh réu + DD, (Co(NH,)2")

DD, + KSCN + axetén — Co(SCN)2™ xanh. -

hoac DD, + H,0, — Co(NH3)2+ héng dam.
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d) Hén hop (CuQ + MnO,) :

a

t

(CuO, MnO,) + HCl dac — Cl, 1 + DD_ (Mn?*, Cu?*)

DD, mau xanh : xdc dinh duge Cu?*, c6 Cl, t ching té co
MnO,

. + NH,du
Kiém tra : DD, ——— Mn(OH), | trdng (— MnO(OH), |

n&u) + dung dich xanh dam Cu(NH3)§+.
e) Hén hgp (ZnO + ALO, + ZnS) :

lﬂ

- Hén hgp + CH,COOH — DD, (Zn?*, ABPY + | 1 (Zn8)

. _
- |1 +HCl>HS 1t (mii tring thé) + DD,

- Tim Zn?* trong DD, ; A>* va Zn?* trong DD, theo cich
théng thudng.

Caun 12

a) Hgp kim Al, Mg, Cu

Hop kim + HCl dac — | 1 (Cu den) + DD, (Mg2+, AP
DD, + NH; du — | A{OH), tring keo + DD,

DD, + Na,HPO, — MgNH,PO, | tinh thé tring

t° +NH,
{ 1+ HNO, — DD, —— Cu(NH;)?* xanh dam.

b) Hop kim Fe, Mn, Cr

o

1

- Hop kim + HNO,— DD,

- DD, + NaOH du + H,0, — DD, (CrO2~ vang) +
| 1 (MnO(OH), + Fe(OH),)
- Tim Mn va Fe trong | 1 |
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¢) Hop kim Zrn , Sn, Al

- Hop kim + HCl dac, néng — DD_ (Zn?, Sn¥*, AP*)

- DD, + Na,CO, dén dyc + NH; du — |} 1 (8n(OH), ;
Al(OH),) + DD, (Zn(NH,;")
DD, + H,S — ZnS | trang
{ 1 + HCI dén tan — DD, (Sn%, AI*")

{

- Tim Sn?* trong DD, bang HgCl,

- DD, + H,8 — | + DD,

- Tim AP** trong DD, (bing NH,)

d) Hogp kim Cu, Ni_, Zn

Hop kim + HCl dic — | 1 (Cu) + DD, (N2*,Zn?")

Céch 1 :

- DD, + NaOH du — | 2(Ni(OH),) + DD, (Zn03%")

- Phat hién Ni trong { 2 va Zn® trong DD, bing phéan
ing dac trung

o +NH, djc
{1 + HNO, - DD,

Cu(N H:‘})ﬁ+ xanh dam

Céch 2 :

+H,8
- DD, : di6u chinh t6i pH = 0,5 — | 2(ZnS) + DD,(Ni*")

- Phat hien Ni** bing phdn dng dac trung.

Céu 13 _
Fe’* + SCN™ — FeSCN?

mau dé xust hién khi Cp oot 2 7.107°M

FeSC
FeSCN% (d6 mau) + 3F~ = FeF, (khéng mau) + SCN™ 1gK = 9,06
Phan dng xady ra hodn toan
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- Thém HCI

FeF, + 3H" + SCN™ == FeSCN** + 3HF 1gK =054 ; K=3,46.

C 0,01 0,01
[1 =x= 1 X (0,01-x) 3(0,01-x)

K&t qua tinh : x = 2,8 . 107* — [FeSCN?*] = 9,7.
7.107% — 6 mau do xudt hién trd lai.

Cau 14
+  Fe* + 8CN — FeSCN?%
0,01 0,01
- - 0,01
+  FeSCN*' + HPOZ™ — Fe(HPO,)* + SCN™
0,01 0,1
- 0,09 0,01 0,01

Dung dich m&t mau héng
+ Khi thém HCI :

HPO;” + 2H' »H,PO,

0,09 -

- 0,09
Fe(HPO,)* =Fe** + HPOZ™
HPOZ™ + HY =H,PO;

H,PO, + H* =H,PO,

Fe¥ + SCN™ =FeSCN%

1073 »

3,03

6,32

-9,35
7,21
2,23
3,03

Fe(HPO,)" + 2H* + SCN™ =FeSCN?** + 2H,PO, Igk=312
) 3ty

C 0,01 0,01 0,09

[] x 1 X (0,01-x) 2(0,01-x) + 0,09

Két qua tinh : x = 3,0.107% — [FeSCN**] = 0,01 > 7.10°%

Vay dung dich ¢é mau hdéng trd lai.
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Cau 15 .
+ Fe** + SCN™ = FeSCN*
0,01 0,01
- - 0,01
FeSCN%* + 3F~ = FeF, + SCN~
0,01 0,1
- 0,07 0,01 0,01
Dung dich khéng cé mau.
+ Khi them AI**

2 x | FeF, =Fe3* + 3F~ 2(-12,06)

_ AI** + 6F” == AlF3™ 19,84
2 x | Fe¥* + SCN™ =FeSCN% 2 x 3,03
2FeF, + AP + 2SCN™ ==2FeSCN*" + AIF;” gk = L,78

K tuong d6i 16n, néng d6 Al>* 16n, nén cé thé du doén can
bing chuyén dich sang phai, néng d6 FeSCN?%* di dé dung dich
cé mau dd trd lai

Cau 16

+ Fe** + SCN™ =FeSCN?* 3,03 .

Co®* + 4SCN” =Co(SCN);~ 3

mau dé ctia phic FeSCN%' 4t mau xanh cia phic Co(SCN);~
+ Khi thém ¥~ thi :

FeSCN?* + 3F~ =FeF, + SCN~ IgK = 9,06

phitc mau d6 FeSCN?* bi phan hiy, ta lai thdy r6 mau xanh
cia phic Co(SCN);
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Phu luc 1

CAC THUGC THU VA H(’)A’CHﬂT DUNG TRONG
NGHIEN CUU PHAN UNG ION

I - DUNG DICH NGHIEN CUU PHAN UNG ION

sé NONG DO
THO |  TEN HOA CHAT DUNG MO GH  CHU

T g | mol/l

1 2 3 4 5 6

1 NH,NO, 160 2,0 nudce nhém cation |

2 KNO3 100 1,0 nudc

3 NaN(_)_,’ 170 2,0 nude

4 Ba(NO,), 100 | 0,40 nudc nhom cation 11

5 | Sr(NO,),4H,0 120 | 0,40 mudc

6 | Ca(NO,},.4H,0 240 | 1,00 nude

7 AgNO, 17 0,1 nude nhom cation 111

8 | PH(NO,), 70 | 02 nudc

9 | Hg,(NO),.H,0 60 | 01 | HNO, IM

10 AI(NO3)3.9I{20 750 | ‘2,0 HNO3 0,01 | nhdém cation 1V

11 | Cr(NO,),9H,0 400 | 1,05 | HNO, 0,01¢

12 | Zn(NO,},-6H,0 300 | 1,0 mide .

13 SnC]z,ZHz() 90 0,40 HCI dace Hoa tan 95g
SnCl,.2H,0
trong 16006mf HC
dic. D& ven dd
dén trong sudt.
Thém Sn

14 | 5nClI,.3H,0 160 | 0,50 HC! 1M

18-HHPT-PHAN II-A
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1 2 3 4 8 G

15 CU(N03)3.31{20 120 0,50 HNQO, 6.01M | nhom cation V

16 | Cd(NO}),4H,0 (50 0,50 nude

17 | Ni(NO,),.6H,0 240 0,80 nusic

18 | Ca(NQ,}, 6H,0 240 0.80 nddc

19 | Hg(NQ,), 65 0,20 1INO, 0.1M

20 | Mg(NO,), 6H,0 510 2,00 |HNO, 0,01M| nhém cation VI

21 | Mn(NO,), 6H,0 260 0,90 nudc

22 | Fe(NQ,),.9H,0 400 1,00 |HNO, 001M

23 | FeS0,.6H,0 140 0,50 Hoa tan 140g
FeS0,.6H,0
trong 50 mi

H,SO, 5M va
pha nudc dén 1

24 | Ri(NO.), 5H,0 10 0.20 | HNO, 1M
25 { SbCly 90 0,40 HCl 2M
26 { SbCI, 120 0,40 HC 20
27 | NaCl 90 W50 nudc nghién clu anion
28 | KBr 60 0,50 nudc
29 | KI 66 0,40 nude
30 | Nu,50,.10H,0 100 0.50 nudc
31 | Na,HPG,2H,0 70 0,45 nudc
32 | Na,l1AsO, 70 0,45 mide
33 | NaH,AsO,H,0 70 0,40 nudc
34 | NaCH,COO0 3H,0 55 0,40 nude

II - THUOC THU

35 | NaOH 80 2 nudc

36 | NaOH 240 5 nude

37 | NH, 2 150l NH, dic thém
nucc dén 1 #

38 | NH, dic 16

39 | HC 2 160m! HCH diic them
nudc dén | It

40 | HCL ' dic 12

41 { H,80, 2 cho 1l i 55 mi
H2504 dic  wvao
950m! mitde

42 | H,80, diac 18

43 | HNO, 2 130m! HNO, dic
thém nude dén LU
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1 A 3 4 5 [ 5}
L
i
44 | CH,COOH 2 | 135mf CH,COOLL
i Thém nude dén I
45 CI[3COOI—I dac 17 |
46 Naz(f()] 210 2 nudc
47 | Na,CO, dd |bao hoa nude
48 | Na,Co(NO,), Hoz 1an 56 CH,COONa trong
75mi nudc, theém 25mi CH,COOH,
hoa tan tifp 20g Na,Co(NO,),
hodc
Hoa tan 23g NaNO, trong Sthn!
nude. Thém 3 g CL!(NO;)T 2
CH,COOH dic. Them nudc dén
100ml B¢ yén 1 ngay. Loc. Khi
dung dich chuyén tU nau sang
héng (cia ion Col*y thi phai
pha ché lai.
49 | Axit tatric dd bao hoa
50 | Kém uranyl axetat Hda tan 10g uranyl axetat, 10g kém
axetat, 15m{ CH,COOH trong 8Gm!
nudc,
51 | Thude thit Netle Hoa tan 3,5¢ Ki, 1,3 HgCl, vao
70mi nudc. Theém 30m! NaOH aM.
52 | K,CrO, 929 0,49 nudc
53 | K,Cr,0, 15 0,05 nuge
54 | CaSO, dd bac hoa nudc
55 | 5180, dd bio hoa mide
36 | (NH),50, dd bao hoa nude
57 | (NH),C,0,H,0 36 0,25 nudc
58 | KI 66 0,40 nudc
5% | NH,CI 110 2,0 nudc
60 | Na,S.9H,0 480 2,0 nugc
61 ! H,S dd | bdo hoa nude
62 | K ,Fe(CN).3H,0 60 0,15 nudc
63 | K;Fe(CN), 60 0,15 nude
64 | HgCl, 30 0,1 HC! 0,1M
65 | H,0, dd30%
66 | (NH,),Hg(SCN), 30g HgCl, + 33g NH,SCN + 100m/

midc.

275



276

1 2 3 4 5 &
i e

o7 dd déem axetal Shr ('[{3(‘()01\'2«1 + 2dmil C}{_‘(:()()l'l
dic + nudc dén 100wl

68 j Alurminon 10 nude

69 | [ot - & tinh bat 1,25. Pha loang 1 thé tich dung dich

107 510 '3 véi 3 thé tich nude. Thudc

thit chi diing 1 ngay, sau do phai
pha lai. Hoa tan 1.27g I, + 40g
KI trong l00m! nudc. Thém hé
tinh bot vao Lmf dd 1hu duge dén
O miu xanh rd, thém vai md nda
rol pha lodng thanh 100mi.

70 | KMnO, 3 0.1 nudc

71 | Hidroxilamin 100 3 nudc

72 | Rozamin B 1 nudc

73 | Alizarin & § 2,5 nudc

74 | NH,5CN 8 .1 nudc

75 | KCN G5 1 midc

76 | NaF 21 053 nudc

77 | NaN G, 10 0,15 mide

78 | Dimetylglioxim 10 rugu etylic

79 | DD dém amoniac 20g NH,C1 + 40m! dd NH, dic +
60mi nudc

80 | Nudc clo dd bio hoa

81 | Nude brom dd ban hda

82 | Nudc barit dd bio hoa

83 | (NH,),Mo0, 100 05 | nude

84 | DD dém bac 65 KNGO, + 04g AgNO, + dml
NH; ddc + nude dén 250mi,

85 | Thude thd Griess a) 0,5g axit sunfanilic trong 150m!
CH,COOH dac.
b} Bun s6i 0,1g « - naphtylamin
trong 20m! nudc. Gan ldy dd nude
trong, theém 150m! CH3CG()H 10%.
Trudc khi diing tron 1 thé tich dd
a véi | thé tich dd b




1 2 i B ‘; o “‘"(;“'
86 | Diphenylamin 20 H,50, dac
87 | Rugu etylic

88 | Rucdu metylic

89 | Rudu amylic

90 | Glixerin

91 | CHCL, hose CCI,

92 | Benzen

93 | Axeton

94 | Ete

95 i Fe bot

96 | Al bot

97 |Cula

98 | PbO, bit

99 | Gidy quy xanh

100 | Gify quy do

19-HHPT-PHAN II-A
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Phu luc 2"

CAC BANG HANG SO QUAN TRONG

Bing 1. CHI SO HANG SO PHAN L1 CUA CAC AXIT

NGUYEN (Ve K
8 AXIT TRUONG g
1)) (2) (3) 4)
As H,AsO, * 2,19

H,AsO; = 6,94

HAsO? = 11,50

HAsO, 0 9,29

HAsS, = 3,7

B H,BO, 0 9,24

Br HBrO, manh
HBrO 0 8,6

HBr manh

C CO, + H,0 0 6,35

HCO; 0 10,33

HCN # 9,35

HCNO # 3,66

HCNS 0 0,85

HCOOH 0 3,75

HAx 0 4,76

CH,CICOOH 0 2,85

CHC1,CO0H 0 1,23

CCl,COCH 0 0,66

H,C,0, 0 1,25
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1 2 3 4
C HC,0, 0 4,27
CH,CHOHCOOH 0 3,85
H,Suc 0 4,22
HSuc™ 0 5,63
H,T 0 3,04
HT™ 0 4,37
HDm - 11,1
C,H,OH 0,01 9,99
¢ H,(NO,),0H 0 0,32
H,Cit 0 3,14
H,Cit" 0 4,77
HCit* 0 5,39
C H,COOH 0 4,20
H,Sal 0 2,97
HSal 0 13,1
C,H,(NO,),COOH 0 0,65
C,H,(COOH), 0 2,94
C,H,COOHCO0" 0 5,41
H,Oxin" 0,1 5,1
HOxin 0,1 9,90
Ii,Fdta 0,1KCl 2,0
H,Edta 0,1KCl 2,67
H,Edta’ 0,1KCL 6,16
HEdta> 0,1KCl1 10,26
H,Er 0,02 -
H,Er 0,02 6,3
HEr?* 0,02 11,55
Cl HCIO, manh
HCIO, manh
HCI0, 0 1,97 -
HCIO 0 7,53
HCL
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. 1 2 3 4
Cr H,CrO, 1 LiClO, -0,08
HCrO; 0 6,50

Cr,Qi” + H,0 = 2Cr0? + 2H' 14,64

F HF 0 3,17
2HF =H’ + HF; 2,58
Fe H,Fe(CN), manh
HyFe(CN), manh

H,Fe(CN)Z~ 0 3,00

HFe(CN): 0 4,30

I H,IO, 0 1,55
H,IO, 0 8,27

HIO, 0 0,78

HIO ~0 12,3

HI manh

Mn HMnO, manh
N HNO, manh
HNO, 0,001 3,29

HN, 0 4,72

NH,NHZ" 0 0,27

NH,_NH% 0 7,94

NH,OH 0 5,98

NH; 0 9,24

CH,NH; 0 10,60

(CH3)2NH£ 0 10,87

(CH,),NH 0 9,87

CzHSNHi 0 10,75

CHNH] 0 4,61

(NH,),(CH,)2* 0 7,52
NH,(CH,),NH; 0 10,65

C,H,NH' 0 5,20

CH,C,H,NH" 0 5,97
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1 2 3 4
) H,0, 0 11,8
P H,PO, 0 2,15
H,PO, 0 7,21
HPO;~ 0 12,32
H,P,0, 0 1,52
H;P,0; 0 2,36
H,P,07 0 6,60
HP,07 0 9,25
H,PO;H *» 18° 2,00
HPOH™ ' # 18° 6,58
HPO,H, = 18° 1,07
S H,S80, manh
HSO, 0 1,99
H,5,0, 0 - - 0,60
HS,0, 0 1,72
HS,0, “w 0 2,45
S0, + H,0 v 0 1,76
HSO; “~ 0 7,21
HS, ? : 84
HS, ? 11,6
HS, ? 12,3
HS, ? 14,0
H,S 0 7,02
HS™ 0 12,9
Si Si(OH)4 0,5NaClO4 9,46
8i0(0H), 0,5NaClO, 12,56
Si(OH), 3NaClO, 9,43
SiO(OH), 3NaClO, 12,71

Ki hiéu : HAx a. axetic H,cit a. citric
H,Suc a. sucinic H,sal a. salixilic
H,T a. tatric Er eriocrom den T

HDm dimetylglioxim
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Bing 3. LOGARIT HANG SO TAO THANH TONG HOP

(1g8) VA TUNG NAC (gk)
CUA MQT SO PHUC CHAT THUONG GAP

ION ‘ . CONG
TRUNG PHO'A W1 ot | mor TRUSNG | 18 Igk
TAM PHUC CHAT
(1) (2) (3) 4 (%) (6)
Ag' Br~ AghAy~ 0 8,73 0,73
AgAL~ 0 8,00 0,66
AgA; 0 7,34 2,96
AgA 0 4,38 4,38
CN~ AghA3- 0 20,67 | -1,13
AgAZ™ 0 21,80 0,70
AghA; 0,3 21,10 -
SCN~ AgA3- 2,2 10,08 1,0
AghAl~ 2,2 9,08 1,51
AghA; 2,2 7,57 -
Cr AgAd~ 0 5,30 0,26
AgAs™ 0 5,04 0,00
AgAy 0 5,04 2,00
AgA 0 3,04 3,04
I AgA3~ 1,6 13,7 | -0,20
AgAz~ 1,6 18,95 -
NH, AgAf =0(30°C) | 1723 3,92
AgA = 0(30°C) | 3,32 3,32
S,057 | AgA}” 0 - 1346 | 4,64
AgA~ 0 8,82 8,82
EDTAY | AgA3d 0,1 7,32 7,32
APt T FT AlAS™ 0,53 19,84 0,47
AlAS™ 10,53 19,37 1,62
AlA; 0,53 17,75 2,75
AlA, 0,53 15,00 3,85
AlA, 0,53 11,15 5,02
AlATY 0,53 6,13 6,13
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1 2 3 4 5 6 |
C,0%” AlAS” 0 16,3 | 3,30
AIAS 0 13,0 -
EDTA* AlA- 0,1 16,13 | 16,13
Ba?* | EDTA* | BaA® 0,1 7,78 | 17,78
Bi** | SCN~ BiA, 0,4 HCIO, 4,23
BiA, 0,4 HCIO, 3,41
Br- BiA, + 1M HCIO, | 7,80 | 1,62
+ 2M NaClO,) |
BiA 6,18 | 1,92
BiA) 4,26 | 2,00
BiA®" 2,26 | 2,26
cr BiA, | 0 5,54
I BiAD~ (NaClO, 2M | 18,90 | 2,10
+ HCIO, LM)
20°C
BiAZ~ 16,80 | 1,85
BiA, 14,95 | -
ca®™ |  802° CaA o - | 231 | 281
EDTAY | CaA® 0,1 (NaCl) | 10,57 | 10,57
cd” Br~ CdAZ” 0 2,93 | 0,10
CdA; 0 2,83 | -0,17
CdA, 0 3,00 | 0,77
CdA 0 2,23 | 2,23
CN ~ CdA%~ 3,0 18,85 | 3,55
CdA; 3,0 15,30 | 4,70
CdA, 3,0 10,60 | 5,06
CdA 3,0 554 | 554
Cl~ CdAZ” 0 1,64 | -0,70
CdA; 0 2,34 | -0,15
CdA, 0 2,49 | 0,54
CdA 0 1,95 | 1,95
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1 2 3 4 5 6
I- CdAZ™ 0 6,10 | 1,10
CdA; 0 500 | 1,08
C 0 3,92 | 1,64
c::g 0 2,28 | 2,28 .
NH, cdaz* = 0 (30°C) 6,56 | 0,79
CdAZ™" = 0 (30°C) 577 | 1,30
Ccdaz* = 0 (30°C) 4,47 | 1,96
CdA-* = ( (30°C) 2,51 | 251
C,04” CdAS™ 0 529 | 1,77
CdA 0 3,52 | 3,52
EDTAY CdA% 0,1 16,59 | 16,59
Co®* CN™ CoAl™ 5M CoCl, | 19,09 | -
SCN- COAE_ = 226 | -0,04
CoA, = 2,30 | -0,70
C = 3,00 | 0,00
CoA = 3,00 | 3,00
NH, CoAZ* 0 (30°C) 4,39 | -0,74
' CoAZ" 0 (30°C) 513 | 0,06
CoaZ* 0 (30°C) 5,07 | 0,64
CoAZ* 0 (30°C) 4,43 | 0,93
coA{ 0 (30°C) 3,50 | 1,51
' CoA“t 0 (30°C) 1,99 | 1,99
EDTA% CoAZ™ 0,1 KCl 16,21 | 16,21
Co™ NH, CoA;“' 2(NH,NO,)30°C | 35,16 | 4,41
CoA§+ 2(NH,NO,}30°C | 30,75 | 5,05
CoA§+ 2(NH,NO,)30°C| 25,70 | 5,6
CoAg"' 2(NH,NO,)30°C| 20,10 | 6,1
CoAgJ' 2(NH,NO)30°C | 14,00 | 6,7
CoA’™ |2(NH,NO»30°C| 7,3 | 73
EDTAY CoA™ 0,1 36,0 | 36,0
Cu®* CN™ CuA2” 25 -
SCN™ CuAi™ | 0,7Mg(NOy),) | 6,52 | 1,33
CuA; | 0,7(Mg(NO,).) | 5,19 -
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1 2 3 4 5 6
Ccr CuAZ~ # 562 | 0,73
CuA, = 489 | 0,49
C > 4,40 | 1,60
cuui2 = 2,80 | 2,80
NH, CuA2* ~ 0 (30°C) 12,08 | 1,97
CuA%® = 0 (30°C) 10,06 | 2,73
CuAZ” = 0(30°C) | 7,383 | 3,34
, CuA” = 0 (30°C) 399 | 3,99
C,0%~ CuAZ™ 0,1 8,5 -
EDTA* CuA?~ 0,1KCl 18,80 | 18,80
Cu* CN- CuA3~ 0 30,29 [ 1,70
CuAl” 0 28,59 | 4,59
Cull, 0 24,0 -
NH, CuA, 2 (NH,NO;) | 10,86 | 4,93
CuA 2 (NH,NO;) | 593 | 593
Cr? | EDTA*” CrA~ 0,1 24,0 | 24,0
Fe** | SON- FeAl™ - 719 | 0,02
FeA, # 717 | 0,80
FeA, > 6,37 | 1,40
F > 4,97 | 1,94
FeA”" » 3,03 | 3,03
F F 0,5 12,06 | 2,76
F 0,5 9,30 | 4,02
FeA”" 0,5 528 | 5,28
HPO;~ FeA® 0,665 9,35 | 9,35
HZPOé_ FeA?” 350 | 3,50
EDTA" FeA~™ 0,1KCl 25,10 | 25,10
Fe?* EDTA FeA?™ 0,1 14,33 | 14,33
Hg* CN- HgAZ~ 0,1 4151 | 2,93
HgA; 0,1 38,53 | 3,83
HeA, 0,1 34,70 | 16,70
HgA 0,1 18,00 | 18,00

20-HHPT-PHAN II-A
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1 2 3 4 5 6

cr HgAl™ 0,5 14,92 | 1,00
HgA; 0,5 1392 | 1,14

HgA, 0,5 12,78 | 17,51

HgA 0,5 527 | 5,27

I HgA:™ 0,6 29,83 | 2,23
HgA; 0,5 27,60 | 3,78

HgAz_ 0.5 23,82 | 10,95

HgA 0,5 12,87 | 12,87

NH, Hga2* 2 NH,NO, 19,28 { 0,78

HgAs* 2 NH,NO; | 1850 | 1,00
HegaZ* 2 NH,NO, 175 | 8,70
HgaZ* 2 NH,NO; | ggo | 880

EDTA* | Hga?™ 0,l KNO; | 2180 | 21,80
Mg | EDTA* MgA* 0,1 (KCl) 8,69 | 869
Mn | EDTA" | MnaA™ NaClO,

0,1 (NaClO,) 13,80 | 13,80
0,1 (KCI) 13,58 | 13,58

I I, I, 0 2,87 | 2,87
Ni% CN™ NiAs~ 0 30,1 -
NH, NiAZ" = 0 (30°C) 8,01 | 0,09
NiAZ* 0 (30°C) 8,10 | 0,63
Niaf" 0 (30°C) 747 | 1,97
NiAZ* 0 (30°C) 6,40 | 1,61
NiaZ* (30°C) 4,79 | 2,12
Nia“* (30°C) 2,67 | 2,67
EDTA* NiA?~ 0,1 18,62 | 18,62
Pb r PbAZ~ 0 3,85 | -0,8
PbA, 0 4,65 -
PE:::' 0 1,46 | 1,16
A
(CH,CO07)| PbA* 0 2,52 | 2,52
EDTA* | PbA?" 0,1 KNO, | 18,04 | 18,04
0,1 XCl 18,3 | 18,3
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1 2 3 4 5 6
Sn* Cl - SnAZ” 0 1,48 [ ~0,55
SnA, 0 203 | -0,21
8 0 224 | 0,73
sllng2 0 1,51 | 1,51
So* cr SnAZ” = 0,82 -
St | EDTAY SrAZ 0,1KCi 863 | 8,63
Zn** CN~ ZnA2~ > 12,60 -
NH, ZnA; =~ 0 (30°C) | 870 | 1,96
1 ZnAst = 0 (30°C) 6,74 | 2,31
ZnAZ* = 0 (30°C) 443 | 2,25
ZnAZ* = 0 (30°C) 2,18 | 2,18
EDTA* ZnA%” 0,1 16,50 | 16,50
C,0%~ ZnAZ” 0 7,04 | 2,36
ZnA 0 468 | 4,68
Bang 4. THE TIEU CHUAN VA LOGARIT
HANG SO CAN BANG CUA MOT SO NUA
PHAN UNG OXI HOA - KHU
NG%E" PHUONG TRINH NUA PHAN UNG E%5V | IgK .
1 2 3 4
Ag |Ag*t +e=Ag 0,7994 | 13,5
Al {AP 4+ 3e =Al -1,66 | -84,2
As | H,AsO, + 5H' +5e =As + 4H,0 0,37 | 31,3
AsO, + 4H" + 3e =As + 2H,0 0,248 | 12,6
Asoﬁ‘ +3H,0 +2¢e =H,As0; + 40H™ | -0,67 | -22,6
As +3H * + 3e =H,As -0,60 | -30,4
H,AsO, + 2H * + 2¢ =H,AsO, + H,0 | 0,559 | 18,9
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1 2 3 4
Ba |Ba?* + 2 =Ba -2,90 | -98,1
Bi | NaBiO, + 4H' + 2e ==BiO* + Na* + > 1,8 | > 60,8
2H,0
BiO* + 2H' + 3e =Bi + H,0 0,32 | 16,20
Br |2BrO; + 12H* + 10e =Br, +6H,0 | 152 | 257
2HBrO + 2H * + 2 ==Br, + 2H,0 1,60 | 54,1
Br, + 2e =2Br - 1,085 36,7
BrO; + 6H" + 6e =Br~ + 3H,0 1,44 146
BrO + 38H,0 + 6e =Br + 60H 0,61 61,9
C |(CN), + 2H' + 2¢ ==2HCN 0,37 12,5
. |2C0, +2H" + 26 =H,C,0, - 049 | -18,5
CO, + 2H* + 2e .._co + H 0 - 0,155 | -5,24
co + 2B + 2e ..—HCOOH -0,20 | -6,76
HCOOH +2H" + 2 =HCHO + H,0 | -0,01 | -0,34
CO, + N, + 6H" + 6e .—_-CO(NHZ)2 0,1 10,1
uré
+ H,0
Ca |Ca® +2 =Ca 2,87 | -97
Cd [Cd* + 2 =Cd -0,402 | -13,6
Cl [CIO, + 8H" + 8e =Cl” + 4H,0 1,38 | 187
010 + 6H* ¥ Be==Cl" +3H0 145 | 147
HClO + 3H + 4e =Cl” + 2H,0 1,56 105
HCIO + H' + 2 =CI” + H,0 1,50 | 50,7
Cl, + 2e =2CI~ 1,359 | 45,95
Co oSOH)3 +e _Co(OH)Z + OH~ 0,17 | 287
+e=Cc%" 1,84 | 31,11
Coz"' + 2¢ =Co -028 | 95
Cr |Cr,07” + UH' + 6e=2Cr>" +TH,0 | 1,33 | 135
Crt + e=Cr* -0,41 | -6,9
Cr’t + 3e =Cr -0,74 | -37,7
Ct + 2e =Cr -0,91 | -30,8
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1 2 3
CrO}”™ +4H,0 +3e ==Cr(OH), +50H" | -0,18 | -6,9
Cu [Cu?* + 2e=Cu 0,337 | 11,4
Cu" +e =Cu 0,521 8,8
Cu®* +e=Cu? 0,153 | 2,59
Cu?* + 1™ + e =Cul 10,86 | 14,50
Fe |Fe" +e=Fe? 0,771 13
Fe** + 3e = Fe -0,036 | -1,82
Fe?t + 2¢ =Fe - —0,440 | -14,87
Fe(CN)Y:~ + e ==Fe(CN)}~ 0,356 | 6,03
H 2H' + 2 =H, 0,000 | 0,00
Hg |Hg* + 2 =Hg 0,85 | 28,70
Hgl" + 2e =2Hg 0,792 | 26,78
2Hg" + 2 =Hgl" 0,907 | 30,7
I' |210; + 12H" + 10e ==L, + 6H,0 1,19 | 201
I0; + 6H" + 6e=I" + 3H,0 1,08 109
I0; + 3H,0 + 6e=I" + 60H" 026 | 26,4
HIO + H' + 2e =T +H,0 | 0,99 | 335
I; + 2 =3I 0,5355 | 18,1
I, (tan) + 2e =2I 0,6197 | 21,0
I, (rAn) + 2e =2I 0,5345 | 18,1
K K +e =K -2,925 | -49,4
Li Li* +e =1Li -3,03 | -51,2
Mg | Mg® + 2 =Mg -2,37

-80,1
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1 2 3 4

Mn |[MnO, + 8H™ + 5e =Mn”" +4H,0 | 1,51 | 127,6
MnO;™ + 8H" + 4e ==Mn? +4H,0 | 1,74 | 117,7
MnO, + e =MnO;~ 0,564 9.5
MnO, + 4H" + 2e =Mn* + 2H,0 1,23 | 41,6
Mn®** +e =Mn?* 1,51 | 255
Mn?* + 2e =Mn -1,18 | -40,0

N [NO; + 4H' + 3e =NO + 2H,0 0,96 | 48,7
HNO, + H* + e =NO + H,0 1,00 | 17,0
2NO + 4H' + 4e =N, + 2H,0 1,715 | 116,0
N, + 8H' + 6e ==2NH; 0,306 | 31,0

Na' |Na'+e=Na -2,713 | -45,8

Ni [Ni* + 2e =Ni -0,233 | -7,8

0 0, + 4H" + 4e =2H,0 1,23 | 830
H,0, + 2H" + 2e =2H,0 1,77 | 60,0
0, + 2H' + 2e =H,0, 0,682 | 23,0

Pb  |PbO, + 4H' + 2¢ =Pb® + 2H,0 1,455 | 49,2
Pb* + 2e =Pb -0,126 | —4,26

—_— _— 2_

S 5,0 + 2e =2802 2,00 | 68
280" + 4H' + 2 =8,02” + 2H,0 0,201 | 6,8
2807 + 10H* + 8e ==8,02” + 5H,0 | 0,20 | 39,2
SO} + HO + 2 =S03” + 20H" [-0,93 | -31,4

2= — 2~
S,02" + 2e =28,02 0,08 | 27
S+ 2H" + 2¢ =H,8 0,14 47

290




1 2 3 4
S + 2e =8% -0,48 | -16,2
82 + 2e =28% -0,531 | ~17,9
(SCN), + 2e =28CN" 0,771 | 26,0
Sb | 8b,04 + 6H' + de =28b0” + 3H,0 0,58 | 39,2
SbO* + 2H* + 8e ==Sb + H,0 0,212 | 10,7
$bO; + H,0 + 2e =8b0; + 20H | -043 | -14,5
Sn Sn* + 2e ==Sn** (phic cloro)
Trong HCl 1M 0,138 | 4,7
Trong HCl 2M 0,132 | 4,4
$nO2” +2H,0 +2¢ ==HSnO; +30H" |-~0,960 | -32,5
Sn?* + 2e =5n -0,141 | -4,77
Sr | Sr** + 2e =x8r -2,89 | -97,7
Ti Ti%* + 2e =Ti -1,63 | -553
TiO,(r) + 4H' + 4e =Ti(r) + 2H,0 ~0,86 | ~58,3
TIOZ" + 2H' + e =Ti* + H,0 +0,1 { 1,7
Ti*t + e =Ti% -0,37 | -6,2
TI (T +e=Tl ~0,336 | -5,7
TI* + 2e =TI 1,28 | 434
v Vi + 2 =V ~1,18 | -40,0
V¥ e mVH -0,255 | -4,31
VO? + 2H* +e =V* + H,0 0,36 | 6,1
VO, + 2H' + e =VO® + H)0 1,00 | 17,0
Zn | Zn? + 2e =Zn -0,76 | -25,7
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Bdng 5. CHI 8O TiCH SO TAN CUA MOT 80 MUGI VA HIDROXIT

(pK, = -1gK)
6y

as0]” | Bo;. | Br | oo | ax [ col (t;{;) {of;":i‘:;'t)
1 2 3 4 5 6 7 8 9
Agt | 220| 24 | 12,3| 11,1 27| 11,0 62
A* | 158 29,0
Ba®* | 50,1 8,3 6,8
Bi** | 94
Ca® | 182 8,3 8,75{ 6,1
ca* | 327| 86 13,7 7,8
Co* | 281 85 12,8 7.7
cr* | 201
Cut 8,3
Cu® | 35,1 9,6 7,5 23,38
Fe?* 10,5 6,7 '
Fe** | 20,2 31,86
HgZ* 22,4 160 14,7 130 97
Mg? | 19,7 5,0 4,8 15,2
Mn% { 287 9,3 4,4
Ni** | 25,5 6,9 9,4
Pb** | 854 4,4 | 13,14 10,5
sr* | 18,0 10,0 7,2
Zn*t | 27,0 16,0 89 20,4
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(2)

CN” | CNO™ | SCN- | CIm crol” F Fe(CN) ™ | Fe(eNy?™
1 2 3 4 5 6 7 8 9
Ag' {160 | 6,6 {120 | 10,0} 11,89 40,8 24,0
Ba®* 993 | 58
Bi3+
Ca?* 10,5
ca®* 1104 | 16,5
Co?* 14,7
Cu* | 19,5 14,3 | 87
Cu?t 5,44 15,9
Fe** 40,5
HeZ" | 39,3 19,5 | 17,3 87 11,9 | 201
Mgt 8,2 A
Mn?* |- 12,1
Ni%* 14,9
Pb** 47 | 48 [ 137 ] 75 | 145
Sr2* 4,65 | 85
Zn2t c 15,4

P
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(3)

Hgens): | | 107 |pol” OH™
1 2 3 4 5 6
Ag 16,0 7.6 7.7
AP 32,4
Ba®* 8,8
Bi** 18,1 30,4
Ca?* 6,15 5,43
Cca** 5,42 7,6 13,55 (hoat déng) ;
: 14,20 (mudi)
Co?* 6,54 14,2 (xanh)
14,8 (h6ng, méi) ;
15,7 (h8ng mubi)
crt 29,8 - 30,7
Cu* 12,0 14,0
Cu? 7,48 7,12| 15,1| 19,8
Fe?* 15,1
37 (v6 dinh hinh)
Fe** 42,5 (0,5Fe,0,— a)
44 (FeOOH - @)
Hg* 28,3| 13,7] Khong bén
Hg* 34,0/ 18,7 255
Mgt 9,2 (hoat dong) ; 10,9
Mn? 12,6
Ni%* 12,8 14,7 (méi) ; 14,2 (musi)
Pb?* 7,86 | 12,8 14,9; 15,1 (vang); 15,3 (d6)
Sn? 26,2
Srét 6,48
Zn? 7,51 5,4 16,7 (y) ; 16,3 (&) ;
16,89 (ZnQ)
15,68-15,95 (vo dinh hinh)
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4

3~

-

27—

PO, |HPO, | S0, {S,05 | SO; S
1 2 3 4 5 6 7
Ag’ 19,9 4,8 13,9 49,2
AP | 182
BaZ* | 225 (7,0 996 | 48 | 65
Bi** | 22,9 | o7
Ca®* | 26,0 | 7,0 |5,04 7,1
ca?* | 326 | 26,1
Co?* | 34,7 ;6,7 20,4 (a)
24,7 (3
crt | 22,62
(xanh Iyc)
17,0
(tim)
Cu? 47,6
Cu®* | 36,9 35,2
Fe?* 17,2
Fe™* | 21,9 88 ?

Hg* 12,4 | 6.2 Cs | HgS(r) + Hg(r)
Hg** 51,8 (den)
' 52,4 (dd)

Mgt | 272
Mn?* 9,6 (héng)
12,6 (xanh luc)
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Z = — _ _ T
PO, |nPo} | sol” |s,00 | sof S
1 2 3 4 5 6 7
Ni** | 30,3 18,5 (@) ; 24,0 B) ;
25,7 (y)
Pb* | 41,2 (9,9 (766 | 6,4 26,6
Sn?* 25,0
Sr** | 274 |62 |[646 _
Zn* | 32,0 23,8 (a)
21,6 (B)

» Tt ci cic s6 litu 1 bang 1-4 déu 18y trong N.P Kamar, Gheterogenui ionui
ravnovetxiia, "Vistatchoola®, Kharcov, 1984.

296




MUC LUC

Lé&i noi diiu

CHUONG 1:
CHUONG 2 :

CHUONG 3 :
" CHUONG 4 :
CHUONG 5 :
CHUONG 6 :

CHUONG 7 :
CHUONG 8 :

CHUONG 9 :

CHUONG 10 :
CHUONG 11 :
CHUONG 12 :
CHUONG 13 :
CHUGONG 14 :
CHUONG 15:

Phan dng ion trong dung dich nudc

Phuong phap nghién cilu tinh chft cc ion trong dung dich

Cic cation kim loai kiém (nhém cation I)

C4c cation kim loai kiém thé (nhém cation [T}

Cic cation kim loai 130 thige mudt clorua it tan {nhém cation I1I)

Cic cation kim loai tao ditge hidroxit tan trong NaOH du
(nhém cation IV)

Trang

22
28

67

Céc cation tao dugc hidroxit tan wrong amdniac ¢u (nhém cation V) 99

Cac cation tao hidroxit it tan trong kiém du
va trong dung dich amoniac (nhém cation V1)

Cic anion ciia chc halogen

Cac anion ciia hiu huynh

Céac anion cla nitd, photpho v asen

Céac anion ciia cachon va silic

Céc anion cta bo

Hudng din 1hye hanh v& phin i-mg cla cac anion

Phan tich mot chét chua biét

Hudng din 1ra 13i cac clu hdi va bai tap

Phy lyc 1 : Cac thudc thit va hoa ch& diing trong nghign ctu phan ing ion

Phu luc 2 : Cac bang hing s quan trong
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155
168
179
188
196
198

208
223
273
278



Chiu trach nliém xudt bdn :

Chi tich HDQT kiém Téng Gidm d6c NGO TRAN Al
Phé Téng Gidm déc kiém Téng bién tap NGUYEN QUY THAQ

Bién tdp tdai bdn :
PHUNG PHUGNG LIEN

Bién 1dp ki thudt :
LIEN HUONG

Trinh bay bia :
MINH HIEN

Stra bdn in :

MINH HAO — HONG VAN — MAI HUONG

Ché ban :
PHONG CHE BAN (NHA XUAT BAN GIAO DUC)
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HOA HQC PHAN TiCH - PHAN 11
CAC PHAN UNG ION TRONG DUNG DICH NUGC
Mii 55 7K393T7- DAL
In 1.500 bdn, kha14,5 x 20,5cm. Tai Nha in'Ha Nam
S3 29 - QL 1A - P. Quang Trung - TX. Phi Ly - Ha Nam
S& in: 48. S& XB: 11-2007/CXB/227-2119/GD
In xong vi ndp luu chiéu thing 2 nim 2007



CONG TY CO PHAN SACH DAI HOC - DAY NGHE
J HEVOBCO

25 HAN THUYEN - HA NOI

BN Website

: www.hevobco.com.vn
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Co sé li thuyét hoa - Phan 1

Ca sé li thuyét hoa - Phan 2
Danh phap hdp chat hiu co
Gio trinh hoa li (Hai tap)

Cd sd li thuyét cac phan (ing hoa hoc

Tim hiéu mét s& khai niém hoa hoc co ban
Mét s phan ing trong hoa vo co

Phan img dién hoa hoc va img dung

Cau tao nguyén tir va lién két héa hoc (Hai tap)

Héa li-Tap1, Tap 2, Tap 3
Héa li-Tap 4

Bai tap co sd li thuyét cac qua trinh héa hoc

/TiM POC SACH THAM KHAO BAI HOC — BO MON HOA Hoc\
CUA NHA XUAT BAN GIAO DUC

PGS. Nguyén Binh Chi
PGS. Nguyén Hanh
Trén Quéc Son (Chil bién)
GS. Nguyén Binh Hué
GS. Dang Trén Phach
D6 Tat Hién
Nguyén Duy A
Trén Hiép Hai
Pao Binh Thue
GS. Tran Van Nhan (Chd bién)
Nguyén Van Tué
Vi Dang D6
| /

Ban doc c6 thé mua tai cdac Cong ti Sach - Thiét bi truong hoc ¢ cdc dia
phitong hodc cdc Cita hang ciia Nha xudt ban Gido duc :

Tai Ha N&i : 25 Han Thuyén; 187B Giang V&; 232 Tay Son: 23 Trang Tien.

Tai D2 Nng : S6 15 Nguyén Chi Thanh; S6 62 Nguyén Chi Thanh.

Tai Thanh ph8 H8 Chi Minh : 104 Mai Thi Lyu, Quan 1: Cira hang 451B - 453,
Hai Ba Trung. Quan 3: 240 Tran Binh Trong — Quan 5.

Tai Thanh ph8 Can Tho : S3 5/5, dudng 30/4.

Website : www.nxbgd.com.vn
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Gia : 23.000 d
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