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LOI NOI PAU

Hod 1y khong chi la cor sa 1y thuyét cita hod hoe ma con ta dan moét héi re, giao nhat
crtd nhidu finh viee khoa hoe, k¥ thudt, cong nghé ¢é lién quan: vgr Iy, sinh hoe; Tuyén
kim; cong nghiép thice phim,; ditge phdm; néng nghiép: k§ thudgt bdn ddu; vat licu;, moi
trieong; ... va do dé da hink thanh va phdt trién cdc mon hoc trung gian: hod Iy — ban ddn;
hod Iy — sinh hoc; hod Iy — polyme; hod I — silicat; hod Iy — hitu co; hod 1y — thiee phdm;
frod Iy — dau mo;... dicoc gidng day va dao tgo o cdac truong dai hoc, ddce biét 1a cdc
triwong dai hoc cong nghé, kv thudr.

Ciing trén co so kién thice va cde quy ludt cia cdc qud trinh hod 1y ma nguedi ta ngay
cang thu dige nhiédu thanl tiwn 1o Ion trong viée khat thic, si ding tai nguyén thicn nhién:
tach chiét; lam giauw cde kim loai quy hiém; cde duoe Higw, Intong Héuw quy; tink ché; chéng
& mon va bdo vé kim loai; loc va ché bién cdce sdn phdm diu khi; tim kiém cde nguon
ndng heong moi va sach; 1ong hop cde loai vat léu moi; vét liéu 16 hop; var tiéu cdu tric
co nhitng tind chdt ddac biét vé co, quang, dién, ur, rdt nhay cam cdu tric, ding cho cde
Iinh vie edng nehé va k¥ thudr cao: dién 1 — tin hoe; hdng khong: vit tru: ndng lhiweng
nguyén nr;... ; cdi tién, doi madi, 16i wu hod va diéu khién cde qud trinh céng nghé hod hoc
dién ra voi toc d¢ nhanh, dé ciron loc cao ¢ diéu kién mém div (T, P thdp), nghia la phdi
dat dwec ndng sudt cao va chdt lwong san phdm 161 nhdt, gidm Héu hao ndng litong, tiét
kigm nguyen liéu, khéng cd chdt thdi, chong 6 nhiém va bdo vé méi 1ricong.

Trong gido trinh “Hod Iy — Cdu tao phdn tit va lién két hoa hoc™ nay, tac gid dd trink
bay mot cdch hé thong cde kién thite co ban, hién dai vé cde van dé cé quan hé mdr thiét
ticong ho:

+ Co sd ca hoc lwgng tit
+ Cau trite electron nguyén tir
+ Cau tgo phdn tir va lién két hod hoc

+ Mot quan hé giita cau triie, bien déi cdu triic va cde tinh chdat vat 1y, hod 1y, kha
nang phan img ciia cde chdt dudt tde dung cia nhiéu yéu 16 anh Ineong khdae whan

+ Mét sd phuong phdp var Iy nghién cua thich hov, fuiu hiéu cde vdn dé néi trén
+ Thi du, cait hot va bai tdp

ma tde gid dad va dang gidng day nhiéu ndm nay che nhiéu khoa sink vién thude cdc
khoa khdc nhau: Hod; Thire phdam; Sinh hoc; Luyén kim; Méi trieomg; Pai hoc tai cluec;cde
laop saw dat hoc cua Truomg Bai hoe Bach Khoa Ha Noi va mot s6 trudng dai hoe khdc.



Vivay, xudat ban gido trinke “Hod Iy — Cdu tae phdn ti va lién két hod hoc” la dap ing
nlut cau cdp thiét cho viée gidng day, hoc 1dp ¢ cde truong dai hoc khéi cong nghé, k§
thut, ...

Xin tran trong cam on cdc dong nghiép o Bé mon Hod 1y, Héi dong Khoa hoc Khoa
Cong nghé Hod hoe Trudng Dai hoce Bach Khoa Ha Ngi, cde nha khoa hoe o cde Trudng
Pai hoc, Trung tam Khoa hoc va cde Vién Nghién citu dd déng gép nhiéu y kién quy bdu,
Nha Xuat ban Khoa hoc va Ky thugr da givp da, tao diéu kién thudn ot cho tdc gid trong
gud trinh chudn bi xudt bdn gido trinh nay.

Vide bién soan gido trinh nay khéng tranh khoi sai sét, rdt mong nhan ditoe sie g6p v
xdy dimg ctia ban doc.

Tdc gia
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MO PAU

Poi tuong cia héa hoc la nghién citu cdu tao, tinh chat, tuong tac va bién ddi cdc chat
tir dang nay sang dang khdc. Nhu da biét, cdc chadt duge tao thanh tir cdc nguyén tir hoidc
phan tir. Ban than phan tir lai do cdc nguyén t& lién k€t véi nhau tao nén. RS rang 13 cdc
chat khdc nhau, thi du nhu dudng, mudi, caosu, thuy tinh, thép, va cac loai vat liéu td
hop,... déu cé tinh chit dac trung va tinh nang khdc nhau. Nhung vi sao vay? Dé giii dap
cau hoi nay, cin phai xem xét cdc chit dé duge tao thanh tir loai nguyén tir hoic phan tir
nae, ban chat luc tuong tic gidfa ching 12 gi, su phian bo cla ching trong cdc chit ra
sa0,... NOi khdc di 1a tinh chat cia cdc chat phu thuge vao cau tao cua chiing.

Cdc phan ting héa hoc déu din dén sy bién doi phan tir cdc chat tham gia phan tng,
nghia 1a phd v& cdc lién két cit dong thoi xudt hién cédc lién két mdi gilta cdc nguyén tir dé
tao nén phan tir ciia cic chdt mdi - san phin cla phan dng. Vi viy ma mot trong nhitng vin
d¢ quan trong nhit trong héa hoc 1a sy tuong 1dc héa hoc khong thé tach roi v6i cdu tao va
cdc tinh chat nhiéu vé khac nhau cia cic chat.

Vi cdc phan tir, nguyén ti, fon tham gia vao cac phan tng héa hoc, cé kich thudc rét
nho nén con goi 1a cdc tiu phan héa hoc hodc 13 cdc hé vi mé (vi hat). Thi du nguyeén tir
¢6 kich thude c& 10%cm va khoi lugng khoang 107! +10%2g. T4t ca céc tiéu phan héa hoc
déu chita hat nhan nguyén tr va electron. Co s& 1y thuyét hién dai nghién cttu cac hé hat vi
mo 1a co hoc Tugng tir. Viéc (g dung co hoc lugng tlr vao hod hoc 1am xuat hién mot linh
vuc khoa hoc méi d6 1a hda hoc lugng tu.

Trén thyc t€, cdc tiéu phan héa hoc khong t6n tai biét 1ap. Phu thudc vao 4p sudt, nhiét
do, lyc tuong tic gitta cic nguyén tir, phén ... mi cdc chit ¢é thé & thé khi, I6ng, hoic
ran (tinh thé hoac vo dinh hinh) goi 1a cdc trang thdi tap hop, gdm v6 s6 vi hat trong tic
v6i nhau tao nén hé vi mo-vat thé vi mo. Vi vay bai todn co hoc lugng tir cho he vi mo la
vd cung phic tap. P61 véi hé vi mé, ngudi ta img dung cdc phuong phip nhiét dong hoc vi
phuong phap thong ké lugng tr. Trong phuong phdp théng ké lugng tlr, nhiém vu clia co
hoc lugng tir 12 x4c dinh cdc hang s& phan tir nhir: ning lugng quay, ning luong dao dong,
ning lugng electron. Trong su gin diing cdp khong, hé vi mo duge xem la tap hop clia cdc
hat vi mo6 doc 1ap (khong c6 trong tic 1an nhau). Mdi vi hat duge nghién ciu bing phuong
phdp co hoc lugng tir riéng biét, con toan bo hé vi mo - bing phuong phap thong ké lugng
ti: Tim méi lién h¢ gifta cdc tinh chat cha cic hé vi mo va vi mé, xédc dinh cdc dai luong
nhiét dong tir cdc hing so phan ur.

Vé mat thuc nghiém nghién citu cdu tao chdt c6 thé diing cdc phuong phap vat Iy nh:
quang phd phan t; Ronghen; nhiéu xa electron; céng hudng thuin tir electron: cong
huong tir hat nhan; do khic xa phan tr; momen ludng cyc... va cdc phuong phip héa hoc.

Ly thuy€t va thuc nghiém lién hé mat thiét v6i nhau. Ly thuyét ¢6 nhiém vu téng quét
hoa, rut ra edc quy luat va giai thich cdc hién tugng, cdc s6 liéu thuc nghiém. Nguogce lai,
cac két qua thuc nghiém gidp cho viéc kiém tra, 1 thudce do sy ding din cic vin dé ma ly
thuyét dat ra va giai quyeét.
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Cau tao phan i va lién két héa hoc, ciing nhu cdc mon hoc khie cia héa 1y, duge xem

1a co so 1y thuyet clua héa hoc vi trong néa hoc cling nhu trong cdc linh vuc ¢é lién quan
thudng gip nhiéu vin dé khdc nhan cia ciu tao chat:

Xdc dinh cau tric nguyén tr, phan tir, sy 16n tai cha cdc loai lién két héa hoc, cdc
nhém nguyén tir, méi lién hé phu thudce cac tinh chat héa 1y vio civ 1ao cdc chat.

Phan tich cdu tric hinh hoc: xdc dinh khodng cdch giita cdc nguyén tir (do dai lien két
héa hoc); géc hoa tri; su phin bo khong gian cia cdc phan tir; nguyén tir.

Phan tich cdu tric electron: xdc dinh sy phan b6 mat do electron trong nguyén tir:
phan tir; su chuyén dich electron theo mach lien két hoa hoc: do am dién cua cic
nguyén td; cdc chi s& cua lién két héa hoc.

Phin tich cdc tinh chit nang lugng: xdc dinh cdc mifc nang lugng trong nguyén t;
phan ti; tinh todn cdc ham nhiet déng U, H, G, F, S dac trung cho cic trang thai tap
hgp; xdc dinh nang lugng phan ly: ddnh gia d¢ bén lién két héa hoc; cdc thém nang
lugng.

Anh huong tuong hd giita cic nguyén ur hay nhém nguyén tit trong phan tir.

Tuong tdc gilta cdc phan 1l xde dinh luc urong tic gira cdc phan b, inh hudng cla
moi truong dén cdu tao cla cdc chit va qud trinh bién doi clia ching (kha nang phan
(tng).

Bong hoc cdc phan ing héa hoc: xdc dinh co ché; bac phan tng: hing s3 t6¢c do; bin
chét cha cdc san pham tuong tic trung gian.

Phan tich dinh tinh, dinh lugng thanh phdn héa hoc cla cdc san pham chua biét cla
phan ung.
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CHUUONG 1

CO SG CO HOC LUGNG TU

Rat nhiéu dir kién thyc nghiém: hi¢u tng quang dién, hiéu ung compton, quang phd
nguyén (,... cho thdy chuyén dong cla céc vi hat khong tuan theo cdc dinh ltuét cia co
hoc ¢6 dién (ba dinh luat Newton dp dung cho chuyén dong ciia cdc vat thé vi mé). That
vay, néu dva vao cd hoc ¢6 dién thi khong thé giai thich dugc tinh chit gidn doan - lugng
1 héa ciia cdc dai luong vat 1y nhu nang lugng, dong lugng, momen doéng luong.... ciing
nhu dac diém chuyén dong clia cic hat vi mo...

Thi du, khi xét mau hinh tinh nguyén tir Sommerfeld (1911) theo quan niém cia cd hoc
¢6 dién thiy ring: mot dién tich (electron) chuyén dong quanh mot dién tich khdc (hat
nhian nguyén tir) sé phat ra séng dién tir mot cdch lién tuc, nang lugng cua electron s&
giam dan, cudi ciing electron sé roi vao hat nhan va nhu vay thi nguyén tir s& khong ton tai
duge. Trén thuc 1€, nguyén tir ton tai bén, con quang phdé nguyén tir 1a quang pho vach.

Dé giai quyét mau thuén trén, nam 1913 Bohr da gia thiét ring trong nguyén i ton tai
nhimg quy dao dimg. Khi chuyén dong trén cic quy dao do, electron khong thu va ciing
khong phét ning luong. Electron chi thu hodc phat ning fugng xdc dinh khi né chuyén tir
qu¥ dao nay sang quy dao khic. Tir gia thiét ndy, Bohr di xay dung thuyét ciu tao nguyén
tit hydro. Thuyét Bohr di giai quyét duge tinh gidn doan ning luong cla electron va quang
phé vach cia nguyén tr hydro.

Thuyé&t Bohr khong dp dung duge cho cdc nguyén tir phic tap (¢ nhiéu electron) vi cic
két qua thue nghiém khong thira nhan cic k&t qua tinh todn thee thuyét Bohr. Hon nifa,
thuyét Bohr lai chita dung mau thuin giita cd hoc ¢d dién va tién dé mdi vé lugng tir héa
cac dai lugng vat 1y cha cdc hat.

Nhitng vin dé ton tai néi irén dan tdi sy ddi hoéi phai cé mot co hoc mdi ra doi - ¢o hoc

lugng tir dé nghién cttu cdc vi hat. Mudn vay, co hoc luong tir phai duge xay dung trén co
s& nhitng tinh chit va dac diém chuyén dong cita cic vi hat.

1.1. TINH CHAT VA PAC PIEM CHUYEN DPONG CUA VI HAT
1.1.1. Tinh chit song - hat cua vat chat

Cic hién tugng nhiéu xa, giao thoa di ching to réng 6 tinh chét séng voi cic thong s6

dac trung 13 bude séng A hoac tan s v. Gilta A va v ¢6 md&i lién hg: A = E, ¢ 1a tdc¢ do dnh
v
sdng trong chan khong.

Céc hiéu iing quang dién, compton lai chiing minh rang anh sdng ngoai tinh chat séng,
déng thdi ¢6 tinh chit hat: 4nh sdng 12 vat chdt gom dong hat goi 1a photon hay lugng ur
anh sang.
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Nam 1924, De-Broglie da két hgp tr tudng cla thuyét twong d6i Einstein v6i noi dung
ctia thuyét lugng tir 4nh sdng Planck dé tim méi quan hé giita cdc tinh chat sdng hat (tinh
nhi nguyén) ctia vat chat.

Theo Einstein, néng lugng cla hat photon ¢6 lién hé¢ v6i khéi lugng cGa né theo cong
thire sau day:
E = m¢’ 1(1)

Mat khdc, tir thuyét luc_rﬁg tr dnh sdng Planck, nang lugng cla photon dugc xdc dinh
theo tin s6 hoac bude séng bing cong thifc:

c
E=hv=h—- 12
y (2)

trong d6 hang s6 Planck h = 6,63.10%erg.s = 6,63.107*]
Tir 1(1) va 1(2) suy ra:

A=—== 1(3)
me p

p = m.c la dong lugng. 1(3) goi 1a h¢ thitc De-Broglie biéu thi tinh chat séng hat ciia dnh
sdng: A ddc trung cho tinh chit song, con p dac trung cho tinh chat hat.
. De-Broglie con gia thiét rang tinh chat séng hat ciing duge bidu hién & cdc loai vi hat

khdc nhu: electron, nguyén tit, phan tlr, nghia 12 sy chuyén dong chia vi hat tuan theo he
thire tuong tu nhu 1.(3):

h=——== 1(4)
mv p : :

trong dé m va v [a khdi lugng va van téc cua vi hat.

Gia thiét cua De-Broglie di dugce thuc nghiém xdc nhan Ja ding: Nam 1927, Davisson
da thu duge anh nhi€u xa cua tia Ronghen-song dién tir. Stern (1929) va Johnson (1931)
c¢ling nhan dugc két qua tuong tu cho cdc trudng hop vi hat 12 nguyén tir hydro, heli va
phén tir hydro.

Vat chit néi chung 1a cé biéu hién tinh chit séng hat, nhung chi ré rét & cdc vi hat.
That vay:

Néu xét mot electron ¢6 khdi lugng m=9,1.10%*g, van t6c v=10"cm.s"' thi budc séng sé

h 66310 ergs
myv  91.10%g10%cms™
(nguyén tilr, ion) trong mang ludi tinh thé, nghia 13 thoa man diéu kién nhiéu xa.

P&i v6i hé vi mo, thi du:

Néu xét chuyén dong cia mot con lic déng hé - vat thé vi mo c6 khéi lugng m = 50g,
v=25m.s"' thi bing cdch tinh nhu trén budc séng A sé 1a A ~ 10cm, nho hon rat nhiéu so

la: A= ~10""cm bang khoang cédch gita cdc tam nhiéu xa
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v6i khoang cdch gitta cdc tam nhiéu xa trong tinh thé nén khong thé quan sat dugc tinh
chat séng cua nd.

Nhu vay, tinh chét séng thé hién rat y&u va cé thé xem nhu khoéng dac trung cho cdc vat
thé vi mo.
1.1.2. Hé thirc bat dinh Heisenberg

Trong cd hoc ¢6 dién, néu biét duge toa do, van téc hay dong luong chia vat thé vi mo &
thoi diém t nao d6: x = x(1), y = y(t), z = z(1), thi déng thoi cé thé xic dinh duge chinh xéc

van toc tugng ing v =vx + vy +v, V= Jvi +v§ +v§ = \sz(t)+ y2(t) + 2%(1)

Trong co hoc lugng tir, m&i lién hé gilta toa do va van t6c hay dong luong cia vi hat
khdc v6i trong co hoc ¢6 dién. That vay, theo hé thic De-Broglie thi v€ trdi ¢6 A dic trung
cho séng sin khong phdi him cua toa d§ nén v€ phai chita van t6c v hay dong lugng p ciing
khong phu thudc va toa do. DE mo 1a mai lien he gilta toa do vi dong luogng (hodc van t8c)
cla hat, Heisenberg (1927) d3 dua ra nguyén 1y bat dinh sau day:

Néu toa do x va dong luong p, duge xdc dinh v4i do chinh Xdc tuong dng 1a Ax va Ap,
thi tich ¢tia hai sai s6 dé khéng nhod hon hiang s Planck h:

AX. Ap. > % 1(5)

1(5) dugc goi la hé thic bat dinh Heisenberg viét cho truc 10a do x. D6i vdi chuyén dong
clia vi hat theo cdc truc toa d9 y va z ciing ¢6 hé thic twong ty nhu 1(5).

He thite 1(5) cho thdy: h 12 hing s6 nén khi Ax tang 1én (sai s& toa d6 16n, nghia 14 toa
do dugce xdc dinh kém chinh xdc) thi Ap, giam di (d¢ chinh x4c cia dong lugng tang lén).
Nguge lai, khi Ax gidm di thi Ap, ting 1én. N6i cdch khéc 12 khong thé do chinh xdc déng
thdi ca toa do va dong lugng cha vi hat.

1.1.3. Ham song va phuong trinh Schridinger

Tap hop céc di kién thuc nghiém vé hi¢u tng quang dién, hiéu iing compton va quang
pho nguyén tir, sy tén tai nguyén Iy bat dinh Heisenberg va sy phét trién ban chat séng ciia
electron, nguyén tir, phan tir,...dA chimg t6 tinh bt luc cda co hoc ¢é dién va doi hoi su ra
d&i co hoc méi thich hop, ¢é higu luc d€ mo ta cdc tinh chit va trang thi chuyén dong cia
cdc vi hat. D6 chinh 1a co hoc lugng tir hay con goi 1a co hoc séng. Vi muc dich d6, nam
1926 Schrodinger di dura ra tién d€ vé ham sdng va phuong trinh séng.

Trong hoa hoc ngudi ta thudng xét dén trang thai dimg- trang thdi trong d6 cac dai
lugng vat iy nhu th€ ning, nang lugng toan phan, momen ludng cuc dién, ciu hinh
electron nguyén tir, phan tir,... khong thay ddi theo thdi gian. Phuong trinh séng
Schrédinger cho trang thdi dimg ¢6 dang:

N
81~.m

Vi + oz

(E-U)wy=0 1(6)
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2 2 2
a .
trong d6 V? = —— +—— +——la todn tir Laplace. \y 12 ham séng moé ta trang thdi dimg, thuc
g PP P W g Ang 2, thy
chat 12 mot ham phu thude va toa do khong gian w(x,y,z); m, E, U, 1a khoi lugng, nang
lugng toan phan, the nang tuong (tng cla hé vi mo. U 1a ham cita toa do: U=U(x,y.z).

Phuong trinh séng Schrodinger 1a phuong trinh co ban cha co hoc lugng tr. D6 1a
phuong trinh vi phan cap hai phic tap va chi giai duge chinh xdc doi véi hé vi mo don gian
nhat nhu nguyén tlr hydro va cic ion gidng hydro. Giai phuong trinh Schrodinger 13 tim
cac ham song y (ham riéng) dic trung cho trang thai dimg va cdc gid tri nang luong E (tr
riéng) tuong ung.

1.1.4. Y nghia vat 1y cda ham séng

Trong co hoc ¢6 dién, khi biét duge toa do va van tdc hoac dong luong & mot thdi diém
cho truGe thi trang thdi cia hé vi mo s& duge mo ta mot cach ddy di, nghia 13 ¢é thé xéc
dinh chinh xdc dong thoi tat cd cdc dai lugng vat Iy dac trung cho trang théi ciia he. Tir
nhing di kién d6 c6 thé xdc dinh duge quy dao chuyén dong cia hé ciing nhu cac phuong
trinh mo ta chuyén déng va do dé tién dodn duogc chinh xdc vi tri va cdc tinh chét cla he &
cdc thoi diém tiép theo.

Trong co hoc lugng tlr, theo hé thiic bat dinh Heisenberg, hé vi mé khong thé & trang
thdi ¢6 tat ca cdc dai lugng vat 1y duge xdc dinh chinh xdc dong thoi. Nhir vay, sumo ta
trang thdi cha hé vi mé chi dugce thye hién vdi mot s6 dai lwong vat 1y it hon, nghia 1a kém
chi t1€t hon so v6i hé vi mo va dugce thay thé bang sy mo 14 thong ké. Nhiém vu cila co hoc
lugng tlr 12 xdc dinh xdc sudt cdc k€t qua do duogc.

Ham séng 12 mét khai niém duge diing trong co hoc lugng tir d€ tinh cdc dai luong vat
1y cha h¢ vi mo & trang thii duge mo (2 bing ham séng dé. Pic biét ngudi ta thira nhan 13
ham séng cung cap tai liéu xdc suat trong viéc xdc dinh vi tri cla hé vi mé trong khong
gian.

Nam 1926 Bohr gia thi€t rang ham séng y phai lién hé vdi cic tinh chat vat Iy quan sat
duge cha electron qua w’ hay tong quat hon 13 wy" vi khi giai phuong trinh Schrédinger,
c6 thé 13 ham thuc hoac ham Ao (chia 56 d0i= v—1 ). Néu y 12 ham do thi ham lién hop
phitc v6i n6 s& 13 y'. y va y’ chi khac bdi ddu cla i. Thi du: Néu y = ¢ thi gy’ = ¢’ * va do
do yy" = ee™ = 1> 0. Nhu vay yy’ bao gi& cling 12 mot s& thuc va duong dé phi hop véi
gia tri cta xdc sudt 1a thue va duong,.

Tich wy dv 12 xdc sudt tim thdy vi hat trong y&u 16 thé tich dv va do d6 wy'=|y|2>0
la mat do xdc sudl gap vi hat, con.duge goi 1a binh phuong modun clia ham séng. Vay c6
thé phdt biéu ¥ nghia vat 1y clia ham séng nhu sau:

Xdc suat tim thdy vi hat trong yé€u 16 thé tich dv bing binh phuong modun cda ham
s6ng nhan voi yéu 16 thé tich dé.
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Dua vao nguyén 1y bit dinh Heisenberg ta th&y: khi chuyén dong xung quanh hat nhan
nguyen ti, electron tai nhiing thoi diém khdc nhau cé thé & nhitng vi tri Khdc nhau véi cdc
gid tri x4c sudt tuong Ung. Diéu dé ¢d nghia 13: n€u & viing nao do trong khong gian cla
nguyén tir ma ]lu | dv ¢6 gi4 tri 16n hon thi electron cé mat trong vitng dé nhiéu hon so
v6i 6 cdc viing khdc ¢6 |y | 2dv nho hon.

Tap hop tat cd cdc vi tri ¢6 mat cla clectron trong nguyén tir tao thanh dim may
electron (hinh ddng kich thudc va sy dinh hudng cia dim mdy electron duge lam sédng td
khi giai phuong trinh Schrédinger cho nguyén tir hydro),

Thi du: néu gid tri |y |2dv = 0,01 thi c6 thé hiéu theo ba cich khdc nhau nhung déu
din dén mot ¥ nghia:

- Ne&u ¢6 thé ghi nhan cdc vi tri ¢6 mat cia electron vo s6 lan thi cif mot tram 14n ghi
nhan nhy vay s& ¢ mot ldn electron ¢é mit trong y&u (8 thé tich dv clia nguyén tir.

- Thoi gian electron ¢6 mit tai dv bang mot phin tram toan b thdi gian ghi nhan.
- C6 mot phidn tram dién tich cua electron (0,01¢) tap trung trong dv.

Vi electron mang dién tich va chuyén dong khéng ngimg nén dién tich dim may coa né
bién thién lién tuc tr vi iri ndy sang vi tri khdc. Theo ¥ nghia vat 1y cOa ham séng, dién
tich electron trong yéu 10 thé tich dv nao d6 c6 gid trj ely|dv, con dién tich electron
trong toan bé khéng gian ma né ¢6 mat dugc tinh theo biéu thic:

e ﬂlp!z.dv =g H7)

va do dé flvf dv=1 1(8)

chinh la xdc suat cia sy ¢ chic chén xay ra - sy tim thiy electron tron todn bo khong gian
ma nd céd mit.
Biéu thirc 1(8) 1a diéu kién chuédn héa cha ham séng va ham séng thoa min diéu kién

nay duoc goi 1a ham séng chuin héa.

Nhu vy, xde sudt gap vi tuf hat duge xdce dinh theo ham séng. Gid tri cla xde suflt d6
¢é the nhan tir O (nhd that) dén 1 (16n nhat). Vi vay, him séng y phai théa mén cde didu
Kicn sau day:

-y phai 1a ham gi6i noi vi xdc suat khong thé 1a vo tan.
-y phai la don tri vi xdc sudt khong thé 1a da tri.

-y phai la lién tyc vi mét d¢ xdc sudt 1a lién tuc, vi hat khong nhay tir diém nay sang
diém khdc ma 1a chuyén déng liéa tuc.
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1.1.5. Nguyén 1y khong thé phan biét cac vi hat dong nhat

Trong co hoc kinh dién, néu cdc vat thé hoan toan gisng nhau (ddng nhat) thi du nhu
hai qua cdu a va b ¢é cliing kich thude, khéi lugng, hinh dang, mau sic,... hoan toan nhu
nhau thi ta vin ¢6 thé phan biét duge theo quy dao cha ching (hinh 1.1)

D61 véi cac vi-hat dong nhat, thi du nhu hai electron 1 va 2 (hinh 1.2) {3 khong thé
phan biét dugc vi khong nhitg ching cé khéi lugng, dién tich,... hoin toan gidng nhau
ma vi tri trong khong gian ciing khong thé biétl duge mot cdch chinh x4dc & mébi thdi diém
di cho ciing nhu & cdc thoi diém ti€p theo. Néi cdch khic 12 céc vi hat khong thé chuyén
dgng theo mdt quy dao xic dinh ndo ¢a, khong nhu cdc vat thé vi mé. Vi vay, trong ¢o hoc
luong tir khdi niém quy dao duge thay bing xdc suét tim thay vi tri clia vi hat. C6 thé thdy
18 diéu dé nhu sau: Gia sir ¢ thi diém da cho electron 1 & vi tri a electron 2 & vi tri b
(hinh 1.2).

Hinh 1.2

Sau mt thoi gian, cdc ving khong gian A va B noi ma electron | vi 2 ¢6 thé ¢é mat lan
rong ra. Trong vung A Khoéng phai chi cé kha nang tim thiy electron | ma ca electron 2.
Nguoc lai, trong viing B ciing ¢4 thé tim thiy ca electron 1 va 2. Hai viing A va B xen lin
nhau. Viing gach chéo hai lan biéu thi xdc suat gap ca hai clectron 1 va 2 13 nhir nhau. Ta
s& bi nham lan hai electron d6 vdi nhau vi khong ¢6 can cif gi dé phan biét dau la electron
1, dau la electron 2. Tir d6 ta ¢6 thé phat biéu nguyén 1y khéng thé phan biét cdc hat dong
nhat mot cdch téng quat:

Cdc hat ¢6 bdn chdt nlue nhau tham gia vao thanh phdn cia mét hé nao dé sé khong
thé phan biét. Sw déi ché giita ching cho nhau khong kém theo mot hién teang vdt 1y nao
¢d, nghia la trang thai cia hé khong bi thay déi.

Nhu vay, trong mot he gém cdc hat vi mo dong nhdt (electron, nguyén tir, phan tir,...),
trang thai clia timg vi hat riéng biét khong thé phan biét dugc ma chi cé thé néi dén trang
thdi clia ca h¢ mot cdch toan bo. Vi vay, nguyén 1y khong thé phan biét cdc vi hat déng
nhat khong nhitng chi 12 mot co s& ciia co hoc lugng tir ma con 1a nguyen 1y chi dao xay
dung vit 1y thong ké trén co so thuyét luong tir.

1.1.6. Ham séng toan phan doi xitng v phan déi xing

Nguyén 1y khong phan biét cdc vi hat dong nhat cho phép rit ra mot két luan quan
trong vé tinh chdt d&i xing va phan d6i xing cba ham séng toan phdn - ham séng phu
thudce toa do khdi qudt q, mo ta ddy di cic chuyén dong cia cdc vi hat.
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Gia sir c6 hai vi hat dong nhat i va k tao thanh mot heé. Trang théi ctia hé duoc mo 14
bang ham séng toan phan & trang thii dimg 12 ¥(q;,q,) phu thudc vio toa do khai quat
¢lia hai vi hat da cho 1a q; va q,.

Ham s6ng toan phan mo ta trang thai cla hé khi cac vi hat i va k chura déi chd va sau
khi déi ché cho nhau trong tng s& 1a:

O 0 Vi O 0

i k k 1
;Y_)

W{q;.q; ) I_“l"‘(q,.-q,-l

Theo nguyén 1y khong thé phan biét cdc vi hat déng nhit thi trang thai cla heé trude va
sau khi cdc vi hat d8i chd cho nhau la khong thay ddi, nghia 1a xdc suat tuong (ng cua hé
ciing khong thay déi:

¥1(4;.95) = ¥3(g,,q) 1(9)
tir d6 suy ra: ¥\ (q,.q;) = ¥, (q,.q;) 110
va: ¥ (g9, =-¥,(q,.4;) 1{(11)

Ham séng xac dinh theo biéu thitc 1(10) khong déi ddu khi cdc vi hat déi ché cho nhau
duge goi la ham toan phan déi xung.

Ham séng c6 dang nhu & 1(11) d6i d4u khi cdc vi hat d6i ché cho nhau dugc goi la
ham toan phan phan déi xdng.

Tuong tu, n€u hé¢ gém N vi hat thi ham séng toan phin mo ta trang thai cta hé sé la
¥(q1.q2 qu,----qn). Chid ¥ rang trong hé nhu vay s& ldn ddi chd cia céc vi hat s& bing N!

1.1.7. Hai ho vi hat trong co hoc lugng tir

Tinh chat d6i xing hay phan d6i xing clia ham séng toan phdn chi phu thude va ban
chat ciia cdc vi hat. Do d6 ngudi ta chia cdc vi hat thanh hai ho theo ban chat clia ching
trang Gng vdi hai ham toan phan d6i ximg va phin déi xing:

Ho vi hat Boze mang tén nha bic hoc ngudi An b6 di xay dung 1y thuyét vé ho hat
nay. Cdc vi hat thugc vé ho hat Boze 1a photon, mezon,...Trang thdi clia ho cae vi hat Boze
dugc mo td bing ham séng todn phin doi xing.

Ho vi hat Fermi - tén nha bdc hoc ngudi Y di nghien cifu dat co sd 1y thuyét cho ho vi
hat nay (electron, proton, notron,...). Trang thai cia ho vi hat Fermi dugc mo ta bang him
song toan phan phan déi xdng.

Céc vi hat Fermi tuan theo m¢t nguyén 1y rit quan trong hay gip trong hoa hoc dé la
nguyén ly Pauli. Nguyen ly duge suy ra tryc ti€p tir tinh chdt phan d6i xing ciia ham séng
toan phan. Ta hiy xét hé gom hai vi hat Fermi i va k c6 toa do khii qudt wong tng la ,
qi va s€ ching minh ring ching khong thé & trang thdi c¢é cdc toa do khdi quat gidng
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nhau. That vay, néu wa dé khai qudt q; = q, = q thi ham séng toan phan moé ta trang thdi
cla hé¢ hai vi hat s€ 12 *(q,q). Khi hai vi hat d6 d6i chd cho nhau, thi hAm s6ng toan phin
¥(q,q) khong doi, nghia 13 ham séng toan phdn d6i xding. Diéu nay trdi véi doi hoi coa
hé cic vi hat Fermi dang duge xét dén: Ham séng toan phan phdi 12 hAm séng phan d6i
xing hay néi cdch khdc 1a q; # g, va nhu vay thi:

Trong hé vi hat Fermi khong thé t6n tai trang théi, trong d6 hai vi hat ¢ cing toa do
khdi qudt, nghia la xdc suat dé hé 16n tai & trang thdi nhu vay phii bang khong
(¥'(9,9)=0).

D6 chinh 12 noi dung tdng qudt cua nguyén 1y Pauli. Trudng hop d6i véi hé vi hat
Fermi gém nhiéu electron thi nguyén 1y Pauli cé thé dugc phdt biéu:

Trong hé nhiéu electron (nguyén ti, phan tir), khong t6n tai trang thdi trong dé cé ciing
bon $& lugng tir nhy nhau.

1.1.8. Nguyén Iy chong chit cac trang thai

Nguyén 1y chong chat cac trang thdi [a mot trong nhiing luan diém co ban cla ¢g hoc
luong tir. N6 khing dinh:
- N&u nhan ham séng ¥ véi mot hé s8 C tuy ¥ khic 0 thi ham séng thu duge C.¥ van mo
ta cing moét trang thai nhu ham séng ‘¥'. Vi vay trong ¢ hoc lugng t&r ngudi ta chap nhan
cdc ham song duogc xdc dinh chinh xdc dén mot hé so C ruy v.

- Né&u hé cic vi hat & trang thdi khdc nhau ting vdi cac ham séng ¥, ¥, P,..., ¥, thiné

ciing c6 thé & trang thdi 1a két qua ctia sw chéng chdt cdc trang thdi d6. Néi khac di 1a he

s& & trang thédi dugc mo ta bang ham séng W 12 16 hop tuyén tinh cdc ham séng di cho:
Y=C¥ +C¥, +C¥, + ...+ C ¥, 1(i2)

1.2. TOAN TU TRONG CU HOC LUQONG TU

1.2.1. Cac dinh nghia vé toan tu

- Toan tir: Theo dinh nghia, todn tir [3 mot ky hiéu tic dong todn hoc téng quat L khi
thyc hién 1én mét ham s6 u(x,.X,,X;,...) ¢6 cdc bién s6 X,, X,, X,.... thi s& thu duge mot
ham s6 mdi (X, X3,X;,...) ¢ling phu thudc vao cic bién s d6, nghia la:

L u(X,, X3 Xaeo.) = V(X ) XguXaoee) 1(13)

Dudi k¥ hiéu L c6 thé 1a phép toan khac nhau nhu nhan, chia, 14y cin, ldy thira, vi
phan , tich phan,...

Thi du: néu I = E, u(x) = x* +a
ox

thi tu(x} = —8— (x"+.a) = 2x = v(x).
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Vi cdc vi hat ¢6 tinh chdt vi dic diém chuyén dong khdc véi cdc vat thé vi mo nén cic
phuong phdp tinh todn cic dai lugng vat ly twong ing ciing khdc nhau. Todn tir la mot khai
niém co bin trong phuong phéap todn cdc dai lugng vi mo. Tuy nhién, trong c¢o hoc luong
tir, ngudi ta chi sir dung nhitng todn tir phdn anh duge tinh chat cua cde vi hat. Mét todn tr
nhu vay phai biéu dién mot dai lugng vat Iy do duge bang thuc nghiém (dai lugng thuc) va
duogce viét tugng trung la:

L L 1(14)
Né1 cach khic Ja dai lugng vat 1y L nao dé, thi du nhu: toa do, thé ning, dong lugng,
momen dong lugng, nang lugng toan phan... cia vi hat déu duge ddi chigu véi mot todn tu
twong ung L.
Vi nhiing 1€ rén, trong co hoc lugng tir cdc loai todn td thudng duge dung 1a:
- Toan fir tuyén tinh
L duge goi Ia todn tir tuyén tinh nén né théa min diéu kién:
T (cu, el + o) = cfl\, u, + c,_,tu: +oL =0Vt Gy 1(15)

trong &6 uy, u, 1 cdc ham so0 bat ky, ¢, ¢, 1a cdc hé so.

Néu so sdnh 1(15) vdi 1(12) thi c6 thé thdy rang viéc dung todn tit 13 phl hop véi
nguyén 1y chéng chat cic trang thii.

Nhitng todn tir tuyén tinh ¢6 thé 1a: phép nhan, vi phan cdp 1, cap 2.... vi thda mian diéu
kién 1{15). Ngudgc lai, cdc phép 1dy can, 1dy lu¥ thira, 13y logarit,... khong phai a cdc todn
tr tuy€n tinh.

- Toan tir tuyén tinh tu lién hgp
L dugc got 1a todn ur tuyén tinh ty lién hop (hecmitic) néu né théa min ding thifc;

Ju,Luydx = fu, L0 dx 1(16)
trong d6 u”, 1 ham lién hop phic coa u,; L 12 todn tir lién hop phitc cia L.
. d . d
Thi du: L=i1— L =—-1—
dx dx
Muén xdc dinh mot dai lugng nao dé cua vi hat ta cdn chon todn tir biéu dién né wong

ting. Ngudi ta thuong dya vio dang cla dai lugng vat 1y trong co hoc kinh dién dé chon
todn tur.

- Toan tir toa dé
Ngudi ta chon ngay toa do lam toan ur:
X=x; y=y; 2=z 1{17)

Thi du: viét Lu, khi L =x, c6 nghia la ldy x nhan véi u: fu=xu
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- Todan tit dong luong
Todn tir dong lugng duge ky hiéu 14 p
p=-i.hV 1(18)

trong dé h=i; V= i+£+E 1a todn tir Nabla
2n 0x oz

Dong luong 12 mét dai lugng vécto ¢6 ba thanh phén p,, p,, p, {ng véi ba truc toa do, vi
vay todn tir déng lugng thanh phdn tuong ing:

ﬁx=—ih%; ﬁy=-1h%: faz=—m§z-; 1(19)
-  Todn tw dong nang
Déi v6i cac vat thé vi mo, dong nang duge xdc dinh theo cong thic:
v’ 2, .2 2
T= —2—=2—~(px +py +p;)
Do d6 trong co hoc lugng tif todn tir dong nang cé dang tuong t:
T=%:ﬁ<ﬁi+ﬁi+ﬁi) 120)

Néu thay cdc todn tir dong lugng thanh phin & 1(19) vao biéu thic todn ti dong nang
1(20} thi sé dugc:

. 2 2 o o 2 2
BB R P
2m o oy & 2m 8n’m

v? 121)

- Toan tir thé nang
Vi the¢ nang 1a ham cda toa do nén thé nang duge chon la todn tir thé nang:
i =u(x,y,2) 1(22)

- Toan tir ning lugng toan phan

Trong co hoc kinh dién ning lugng toan phdn bing téng dong ning va thé ning;

H=E=T+U
Vi vdy, doi véi vi hat todn tir biéu dién nang lugng toan phén ¢6 dang:
A o h?
H=T+U=-——V’+u 1(23)
8n‘m

va H dugc goi la todn tir Hamilton. Vé&i ky higu ndy, phuong trinh 1(6) sau Khi thuc
hién bién dbi sé& ¢6 dang:
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+

(- Ve wyy = By L(24)
81 m
hay: Hy = Ey 1(25)

1{25) Ia phurong trinh Schrédinger ¢ dang todn 1.

1.2.2. Cong thire tong quat dé tinh gid tri trung binh cia mot dai hrong vat Iy

Nhu trén da biet, vi tri cla vi hat chi ¢6 thé duge xdc dinh chinh xdc véi mot xdc suat
nao d6. Trong trudng hop niy gid tri trung binh cfa mot dai luong vat 1y 6 nghia quan
trong vi n6 ¢o lien quan dén xde sudt. Ban than xdc sudt lui duge bidu thi qua ham song.
V1 vay trong ¢o hoc lugng tir nguoi ta thira nhan rang gid tri trung binh Lcla mot dai
lugng vat ly L duge biéu dién bing todn tr L va ham song y dac trung cho trang hdi cta
vi hat ¢6 moi lién hé vdi nhau theo cong thitc:

L= [y L ydx 1(26)

Dua vao dinh nghia ¢é thé viet:

L =lyL v dx 1(27)
vi do d6 L 1a todn tir tuyén tinh tu lién hop ma céc v€ phai cia 1(26) va 1(27) bing nhau
nén cdc ve trai cla chiing phai bing nhau:

L =1L 1(28)

Tir 1(28) ta thdy rang mot 6 (L ) bing lién hop phic v6i chinh né (L), Didu d6 chi ¢6 thé
xay ra khi s6 do 12 6 thuc.

Vay: N€u mot dai lugng vat 1y duoe biéu dién bang todn tir tuy€n tinh 1y lién hop thi nd
la mot dai luong thyc va d6 1a 1y do ma ngudi ta phai ding todn tir tuyén tinh tu lién hop
trong co hoc lugng tu.

1. 2. 3. Phuong trinh todn tir tong quat dé xac dinh cac dai lweng vat 15

beé danh gid nhing két qua do riéng biét mot cdch trung binh so vdi gid tri trung binh
cua mot dai lugng vat 1y, ngudi ta dung khdi niém do léch quan phuong AL’ . Muén xdc
dinh duge AL’, ta cdn phai biét todn 1ir bidu didn n6.

Do léch cla mot gid tri nao d6 L so v6i gid tri trung binh L cha dai lugng vat ly duoce
tinh theo cong thitc:

AL=L- L 1(29)

va cdc todn tir biéu dién tuong tmg li:

A=L-L 1(30)
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Vi L 14 todn tir tuyén tinh tr lién hop, L1a mot 6 nén AL cling la mot todn 1 tuyén
tink tu lién hop.

Binh phuong ciia do léch va todn tl bidu dién nd lan luot Ja:
AL = (L - LY L(31)

A= ([_LY \ 1(32)

Gid tri trung binh cla binh phuong do léch goi la do léch quan phuong va theo cong
thitc 1(26), ¢é thé viét:

AL" =y AL wdx 1(33)
Ta sé thily ring ALZ > 0. That vay: Dat u, = y'; u, = ALy va theo 1(26) vii 1(27) ¢6 thé
vi€t 1(33) ¢ dang:

A AL A A N Ny e PN il
AL Fy ALALudx - | ALuAIT dx H.-:\l_..\,;: dx 1(34)

Vi binh phuong médun cua mot ham khéng thé am nén | ALy 1= 0 vii do dé6 tir 1{34)
suy ra AL? 2 0.

Néu xét trang thal y, (trang thii cia vi hat dugc m6 ta bang ham sdéng w v ¢é dai

luong vat 1y tuong (ng }a [.) va cd kél qua do L Ia duy nhat, nghia Ia L=L thi AL=L-1.= 0
vi do do theo 1(34):

AL? = | ALwyl%dx =0 1(35)

Tich phin 1(35) chi bang khong khi | A/i,\|1| *= 0. Nhung binh phuong médun ciia mot
ham phuc chi bing khong khi chinh ham dé bing khong: Altp = () hay theo 1{29) va 1(30)
ta co:

(Iﬂ.—i}w =(I:—L)\y=0,
do do: Ly= Ly 1(36)

Day chinh 12 phuang trinh todn tir 16ng quat dé xdc dinh cic dai luong vat Iy L cha vi
hat.

Muén xac dinh mét dai luong vat 1§ ndo do ta cin thay I:trong 1{36) bing todn tir biéu
dién weong (ng. Thi du: dé 1inh nang lugng todn phdn E cla vi hat thi phii thay todn tir
L bing toan tir Hamilton 11, khi d6 L chinh 13 E vi phuong trinh 1(36) s& trdf thanh
phuong trinh Schrédinger & dang todn tir nhu da biét dén o 1(23).
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Lthuﬁng 1a 1odn uir vi phan nén 1(36) la phuong trinh vi phan tuyén tinh thudn nhat cé
nhi¢u nghi¢m (nhiéu y khac nhau). Nhung chi ¢6 ham séng vy nao ma thoa man cic didu
kién: gidi ndi, don tri v3 lién tuc thi méi cé ¥y nghia vau Iy va duge goi 1a cdc ham riéng
cla toan tr L

Wi W Wae Wy, 1(37)

Con cdc gid tri cia L tuong tng vé1 mdi him riéng nhu vay:

Ll» LZ‘ L_%-u AR Ln 1(38)

g0t 12 tri riéng cla todn tu L.

Trong co hoc lugng tir, nhitng yéu cau vé ham song (gidi noi, don tri va lién tuc)
thudng dan dén két qua 1a: trong nhiéu trudng hep nhimg nghiém thoa man cic didu kién
trén chi ton tai v&i mot s6 gid tri gidn doan cia L nhu & 1(38). Khi d6 ta ¢6 su luong o
héa dar lugng 1.

Tap hop cdc tri riéng 1(38) twong 1tng vdi cic ham riéng 1(37) cha todn tir Lphéii la
nhimg gid tri do duge ciia dai lugng vat 1y L duge biéu dién bing todn tir L. .

Nhu viy, dé xdc dinh mot dai lugng vat 1y clGa vi hat, cdn phai ti€n hanh cdc bude sau
day:

- Chon todn tr biéu dién dai lugng vat Iy cin xdc dinh

- Lap phuong trinh todn

- Giadi phuong trinh d6 dé tim cdc ham riéng v tri riéng

- Tién hanh do dai luong vat 1§ d6 bing cdc phuong phip thue nghiem

- Doi chiéu cdc két qua tinh todn va thue nghiém dé rit ra ban chéil cia hién tuong.

Trong cic chuong ti€p theo, phuong trinh todn tir 1(36) s& duge sir dung & dang phuong
trinh Schrédinger:

Hy = Ey 1(39)

(khi L=H vd L = B} dé mo (i cdc trang thdi chuyén déng cla clectron trong nguyén tir va
phan tir, chuyén déng quay vi dao dong ctia cdc nguyén tlr rong phan tir. Ké1 qua giai
phuong trinh Schrodinger: Cic ham riéng (), tri riéng (E), cdc s6 lugng ur vi cdc hé qua
suy ra duge dac trung cho méi dang chuyén dong néi trén ¢ vai trd quan trong dac biét
cho sir hinh thanh va phdt wién Iy thuyét hién dai vé cdu tac nguyen tlr, phan tir, lién két
héa hoc, cdu tric tinh thé, 1am sdng 10 ban chat tuc twong tic néi tai phan 1 va gifa cdc
phéan t, trang thdi héa tri trong cdc hop chit 1 lugng v khong ti lugng, thiét 1ap mdi quan
hé gitta cac trang thdi vi mo va vi mo, su phu thudc tinh chat, kha nang phin ng vio cau
tric va bi€n doi cdu trdc cla cde chat dudi tdc dung clia nhiéu yéu td anh hudng khic
nhau. Day ciing chinh 14 co s khoa hoc dé giai quyét ¢é hiéu qud nhiéu van dé thuc tién
phong phi, da dang cua héa hoc va cde linh vye ¢6 lién quan.
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CAUHOI VA BAI TAP CHUONG 1

Phan tich nhiing nguyén nhan din dén sy ra ddi co hoc mdi - co hoc lugng tir.
Tinh budc séng img véi cac trudng hop:
a. Chuyén dong clia electron trong nguyeén tir hydro véi van tSe khoing 10°m/s.
b. Chuyén dong clia mot 616 cé khdi lugng | tan va van e 100km/h
¢. Tir cdc két qua tinh duge ¢6é nhan xé1 gi vé séng vit chat?
d. C6 thé phdt hien tinh chit song cla cic vat thé vi mé bing cic cong cu (phuong
11eén) hién ¢é? Tal sao?
(Psia. A=72.10"m = ?,2;\; b. L =2.4.10%m)

Ap dung h¢ thite bt dinh Heisenberg dé tinh bat dinh vé vi tri, bat dinh vé van téc
trong cdc trudng hgp sau day va cho nhan xét:

a. Electron chuyén dong trong nguyén tir véi gia thi€t Av.=10°m/s, cho bi€l
m.= 9,1.10""kg; h =6,625.10M] 5

b. Qua béng ban bay ¢6 khéi lugng 10g con vi tri ¢é thé xdc dinh chinh xdc
dén Ax = 0,0lmm

(Ds:a. Ax = 1,2.10"m:b. Av, = 0,012m/s)
Phan tich y nghia vat 1§ cia ham séng.

Nguyén ly khong thé phan biét cdc vi hat déng nhit vd hé qua rit ra duge tir
nguyén ly nay.

Tai sao néi: Nguyén 1y Pauli, mot cich tong quét, duge suy ra tir tinh chat phan
déi xing cha ham séng toan phan cia hé hat Fermi?

Vi nhitng 1€ gi ma ¢ac 1odn 0 tuyén tinh va tuyén tinh te lién hop duce sir dung
trong cd hoc lugng 1ir?

Phan tich moi quan h¢ gifra ham séng. gid tri trung binh cla mét dai lugng vat 1y
va todn tlr biéu dién né,

Cho bi€t cac budc cin phai tién hanh dé xdc dinh mot dai lugng vat ly.

e} e
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CHUUGNG 2

CAU TRUC ELECTRON NGUYEN TU

2,1.NGUYEN TUHYDRO VA CAC ION GIONG HYDRO

Nguyén ur hydro va cdc ion giong hydro nhu He', Li**, Be™...1a cdc ti€u phan (vi hat)
héa hoc don gian nhat gom mot hat nhan nguyén tr va mot electron. Vi vay, ta ¢6 thé giat
phuong trinh Schrédinger cho cdc tiéu phan héa hoc nay mot cdch chinh xéc, nghia 1 co
thé tim duge chinh xdce cic mire ning lugng cta electron va cdc ham séng mo 14 céc trang
thdi tuong tng cua nd.

Trén co s6 cdc ket qua tim duge, ¢6 thé giai thich cdu tao cha nguyeén tr hydro va cic
ion giong hydro, déng thai khao sdt cau tao cla cic tiu phan phitc tap hen nhu cdc
nguyén tir nhiéu electron va phan tir.

2.1.1. Phuong trinh Schrédinger

Go1 M la khdi lugng cta hat nhan nguyén tir, +Ze 1a dién tich cGa né, Z 13 s6 tha ty cla
cac nguyen 10 trong bang hé théng tuin hoan Z, = 1; Z,,. = 2 Zy; = 3;...cOn electron c6
khoi lugng 1a m, va dién tich 12 -e.

Gid s hat nhan nguyén tir & vi tri g6c toa do (hinh 2.1) va & thoi diém nio dé, electron
¢ vi tri cach hat nhan mot khodng r. The nang tuong tdc hit giffa hat nhan nguyén tir va
electron s€ la;

2
U(r) =—Zi 20
Za f
‘ Z = rcost )
N € .
X =158 cosp
r y =1 sind sing
g ' _ >. 2(2)
+Ze - WIS
. - I=WX"+ty +2
. X
G O0=r<e;0<0<m;
Hinh 2.1 0<e<2n /

Siclién hé gifta toa d¢ Décac va roa dé cdu.

Vi M >> m, nén c6 thé xem hat nhan 12 ditng yén vi electron thi chuyén dong. Thay
a2

Ury =- Ze va m = m, vao phuong trinh Schrédinger tong quit 1(6) sé duge phuong trinh
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Schrodinger mo ta chuyén dong cla electron duy nhét trong nguyén tir hydro hoic trong

cdc ion giong hydro:

. 8 767

Vo K—In— For 7L w =0 2(3)
h*

theo 2(1), U{r) chi phu thudc vio r vd ¢d cling mdt gid tri & nhiing vi tri cdch hat nhan
nguyén tlr mot kheang ¢ nhu nhau, N6i khdc di 14, trong trudng hgp nay, trudng thé hat
nhan cé tinh chat déi xing cdu (d6i xing xuyén tam) va vi vay, dé thuan loi cho viéc gidi
phuong trinh 2(3), ngudi ta dung toa do cau (r,0,9) thay cho toa do Pécac (x,y,z). Mai lién
he giita cic toa d6 ny duoc biéu thi & 2(2).

Thay 2(2) vao 2(3) ta duge phuong trinh Schridinger & dang toa do ciu:

2 2 z
%.Q(rz @) + = l‘ .E(sinﬁ@) + = 1 5 g ‘421+ thmt_
rr or & rsinf 06 o0 r*sin‘ 0 dg L

Iy
( B yoo o 24
L .

trong do v 1 ham séng phu thudc vio ba bién sd r, 8, ¢ va c6 thé viél

Y(r,0,9) = R(NBO)D(p) A
Néu thay 2(5) vao 2(4)va bién daoi thi 2(4) c6 dang:
2 2 2
J....d_(r?— 95) +§_7E _I?lf(E+Zi)r2 = -;i(sinlﬂ)@ - _l > ao 2(6)
Rdr dr-  “h*e r ®sin@ do do ) dsin’6 do’

trong do, v& trdi chi phu thudc vao r, v& phai chi phu thudc vio 8 va ¢, do dé dé€ thoa min
phuong trinh 2(6) v6i moi gid tri cua r, © va ¢ thi ca hai v& trdi va phai cua nd phai bing
mot hang s ¢ = ¢ (£ +1). Sau khi bién doi ta dugc:

e 2
E.!_]_l_[_}_ i[\,ingﬁ] + chinz e = _L_ﬂ 2(?)
© doy db P do?
1 d ,dR. |8x’m, Ze? ¢
r dr( dr) [ h? ¢ r ) r’ )

Ta lai dé y rang trong 2(7) v&€ trdi chi phu thuoc vao 0, v& phai chi phu thudc vio ¢ nén
ca hai v& phai bang mot hang s6 m’. Tir do, ta c6:

sinQ d f deY

o - s +Csin2r0 =m2 2(9)
o ™ dw)
2
0w 2(10)
dg

Nhur vay 12 tir mot phuong trinh phitc tap 2(4) chita ba bi€n s6 thu dugc ba phuong trinh
2(8), 2(9) va 2(10) don gian hon, mbi phuong trinh chi chita mét bién s& tuang tng r, 0 va
¢. Giai cdc phuong trinh nay ta sé biét duge nang luong cla electron E, him ban kinh
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R(r), cdc ham goc &(8), (@) va do dé bidt duge ham séng wir, 0, @) 2(5). Dé ywcd ¥
nghia vat ly thi R, © va ® ciing phii thoa min ¢dc diéu kKién nhu cha y, nghia 1a phai don
tri, gidi ndi, lién tuc v bang khong khi & vo tan.

2.1.2. Giai phuong trinh Schridinger

O day ta chi giai phuong trinh don gian nhat 2(10) dé bi€t nguyen tic cach giai, hiéu
duge nghiém cua phuong trinh ciing nhu cdc thong 8 khdc xudt hién trong khi giai phai
thoa miin cdc diéu kién todn hoc va y nghia vat 1y gi. Con cdc phuong trinh 2(8) va 2(9)
khac phic tap ta chi dua ra cic ké1 qua dé phan tich ¥ nghia clia ching va s& 1 co s& cho
viéc nghién citu xdc dinh cau tric electron nguyén tir nhiéu electron, ciu tao phan tlr va
lién ket héa hoc cling nhu cdc tinh chat vat 1y, héa 1y, kha nang tuong tic vi bién doi hda
hoc ctta cac chit phan img.

Dé giai phuong trinh 2(10), ta viét né & dang:

2
@ +m. @ =0 2(11)
do
v&i nghiém duoc chon la:
® = Ak’ 2(12)

trong dé, A va k la cdc hé s6 khac 0. Tt dé, ta cé:

2
d ? = Ak%e*” 2(13)
dep
Thay cdc bidu thic @ va d-? 0 2(12) v 2(13) vao 2(11) sé duogc:
@
Ak%e™+ mPAe*' =0 2(14)
hoic K+mHAae™ =0 2(15)
vi Ae*” 2 0 nén 2(13) cho thay kK’+ m’=0vik = vy-m? = +im
Do dé: G = Aet 2(16)

Mudn @ 1a don trj thi ¢ phai bién thieén mot gée 2n nghia la
Dy =Py on 2017
va tir 2(16) va 2(17) suy ra:
Khi ¢ =0 thi: ®p= A 2(18)
Khi ¢ = 2n thi: Dy, . 3 = A" 2(19)
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So sanh 2(18) va 2(19) ta duocc:
| 2(20)
va theo cong thifc Euler ¢6 thé viét 2(20) & dang:
e™"" = cos2mm * isin2mm =1 2(21)
Diéng thire 2(21) chi diing khi:
m=0; £1; +2; +3;... 2022)

trong dé m dugc goi 13 58 lugng tir tir. Hé s6 A chia ham @ & 2(12) dugce xdc dinh theo diéu
kién chudn cla &:

n n kg
joo do = [A &AL ™dg = | hay A’ [dg = 1.
0 i

0
Tir d6 A : Vay @ L gt hoi khi bi€n déi 5 ta thue
udésuyra A= —.Va = —==¢"", hoac sau khi bi€n doi, ngudi ta thuon
Y \/27; Ay ﬁn : g g
biéu thj ® & dang khong chita s6 do i:

D L si (m.@) va ® : (M.} 2(23)

= —=sin(m.@) va ® = —=cos(m. K

Jr Y \/E P

Giai phuong trinh 2(8) s€ thu duge nang lugng toan phin cla electron trong nguyén tir:

e 2(24)

trong dé: n=1,23,4,5, ..o 2(25)
goi la s6 lugng tir chinh.,

Vi® 5 2(23) chita m nén cd thé viét:

G (@) =D (9) 2(26)
Tuong tu, sau khi giai cdc phuong trinh 2(8) va 2(9), ta sé dugc:
R(r) =R, () 2(27)
va B(0) = 0,,.(09) 2(28)
trong da: f=0,1,2,..n-1 2029

goi 1a s6 lugng i orbital,
Thay cic ham R, ® va @ vira tim dugc vao 2(5) ta sé tim duge ham séng .

wn fm(r-re"(p) = Rll f(r) 9 fm(g)q)m((p) 2(30)
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R,(r) chita n, £ vi chi phu thugc vdo ban kinh r nén goi 1a ham ban kinh, con
0O /,(8)D,(p) chifa £, m va chi phy thudc vio cic géc 0, @ nén duge goi 1 ham g6c¢ (phan
g0 cta ham songy W, oa(r,8,9) chita n, ¢, m va phu thudéc viaor, 9, ¢.

Phan géc con duge ki hiéu:

Yf.m(ovq’) =®fm(g)¢‘m(({’) 2(31)

Vi do d6 biéu thire 2(30) ¢ thé viét & dang:

Worn (1.8,0) =R, (DY ;,(8.,0) 2(32)
MOt 56 bi€u thitc cu thé cia hiam séng v, ¢,, (10,9} dugc ghi & bang 2(1).
Cing nhu s6 lugng 1 m, 6 2(22), su xudt hién s6 lugng tirn & 2(25) va sé luong tlr ¢ &
2(29) trong khi giai phuong trinh Schrédinger déu phai thda min cic diéu kién todn hoc va
y nghia vat 1y cia ning lugng E, vd ham séng v, ¢, (1,8.9).

Giita cdc 88 lugng trn, £ va m ¢6 moi lién heé:

n=1,2,34, ., »
£=0,1,2,3, ., n-1 2(33)

m=0,+1,£2, %3, ... +/

Nhu vay, viéc giai phuong trinh Schrédinger 2(3) cho ta cac két qua vé nang luogng toan
phdn E,, ham séng toa do khong gian ¢, (r.8.9) va cdc 6 lwong tir n, ¢, m dac trung cho
cdc trang thdi chuyén dong khic nhau ciia electron trong nguyén tir hydro va céc ion giéng
hydro.

2.1.3. Phan tich cdc két qua
2.1.3.1. Cac mie nang lugng electron (tri riéng), so lirgng tir chinh va quang phé nguyén tir

Bi€u thitc 2(24) cho thdy: D6i véi nguyén tl cla mét nguyén 16 héa hoc cho trude thi
2n°Z  me’ L . . . . I
2 =const, do d6 ning lugng cla electron chi phu thudc vio s lugng i chinh n:

1
E, = - const — 2(34)
n

Theo 2(25), vi n chi nhan nhimg gid tri gidn doan nén E, ciing chi nhan nhiing gia tri
gian doan (bi lugng tir héa). Dau “-" trong bidu thitc 2(34) cho thdy khi n = 1 thi ning
lugng E, cua electron trong nguyén tir 13 thap nhit (trang thdi co ban), nghia 1a electron
lien két bén nhat véi hat nhan nguyen tir. Theo chiéu tang ctia n = 2, 3, 4,... nang lugng
clta electron tang lén tuong ing E,, E,, E,,...(cdc trang kich thich) lam cho lién két gifa
electron va hat nhan y€u di. Khi n=w, ta ¢6 E,= E,, = 0, electron bi tich khoi nguyén tir
thanh electron chuyén dong ty do, nghia 13 nguyén tir bi jon héa.
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Nang lugng E, c6 thé duoc do bing cic don vi khdc nhau: cal, kcal, J, kJ, eV(electron-
von), leV = 1,6021.10°"]1,...

Poi véi nguyen tr hydro: Z = 1 v theo 2(24) ta cé:

2 4
2n'm e’ |

E,=-— 1 -7 [lerg] 2(35)
L, = [eV] 2(36)
Tir 2(36) suy ra:
- Khin=1 - E, =-13,6. ¢v, nghia 1a & trang thdi co bian, electron trong nguyén ti

hydro o6 nang lugng bing —13,6 eV,

- Khin=2->E2—-l"s6i—: - 34eV;

- Khin

1l
T3
m
1l
1
)
o
t~.l| —_
1|
1
—
n
m
<
-
=~

- Khin=w—2>E,. =0

S¢ d6 phan bd cdc mic lugng va cdc budc chuyen dai lugng tr cla clectron trong
nguyén tir hydro duge biéu thi & hinh 2 2u.

EleV '
[eV] _ H, H[; H,H; H,
15} % \ E ii _‘:f niz I|II|I|II]]|I1]TEI]|I11I]T||TI
o v ][ Day Paschen -

-34 ; - ~ n=2 6500 G000 A300 5000 4500 4000
E Day Balmer
i Hy 1’ =3 - n=2: & =6562.8 A (d6)
] Hg n' =4 - n=2; % =4861,3 A (lam)
i I1,:n" =5 — n=2; L =4340,5 A (cham)
-136 ¥ n=1

° I3 0" =6 - n=2; A =4107,1 A (tim)
Day Lyman

Hinh 2.2a. Cdc nute nang hwpng va cde bice chuyén doi Hinh 2.2b. P whin thay ciia hydro ngiyén nie
electron trang nguvén v hvdro (Ddy Balmer)

0 diéu kién binh thuong, electron doc than trong nguyén tit hydro & trang thai co ban
1s. Khi bi kich thich (duge cung c&p nang lugng), electron chuyén lén cic orbital ¢6 nang
lugng cao hon (n22). Vi trang thdi kich thich khong bén nén chi trong khoang thoi gian
10 + 107"%, electron lai chuyén vé cdc trang thdi ¢6 nang luong thap hon, cé thé qua
nhiéu budc nhay va cudi clng tro vé trang thai ¢o ban.



CAUTRUC ELECTRON NGUYEN TU 33

Khi chuyén tir mifc nang lugng cao E, vé mic nang lugng thap E, (n'>n), ning lvong
cua electron gidm di mot lugng ding bdng nang lugng cla mot photon

1
Al =E, -E,=hv=hc ) =hcv 2(37)
trong do: h=6,625.10"J 5 1a hing s6 Planck

v [s"" hay Iz] 1a tin s6- s6 chu ky trong 1 giay

A [m, /l\, nm,...] - budc séng (I A = [0%em = 10"m = 1) 'nm)

- 0 1 .
v [Cm ] = o— - 80 s0ng.
Alem]
Tir 2(37) ta co:
V= L . .E.r.-_ =T, -T, 2(38)
h.c hc
P n' Eu N . 3 ¥ 11 y 1
trong do: T, = ho T, = e 1a cic s6 hang quang pho tuong iing vdi cdc s6 lugng i n va

n’. Ap dung 2(35) vao 2(38) ta cé:

dame? 1 l 1 |
— (5 -=3)=Ry-5-—) 2(39)
h' ¢ n n° n-

V= =
n

- 2 4

. 2r"m.e Ao L
oday R, = TWie =109678 cm™ 13 hang s6 Rydberg .

Nhu vay, moi bude chuyén ddi electron n' — n sé cho mat biic xa don sdc ¢6 tdn s6 v
hodc budc séng hay s6 séng v dugce tinh theo 2(37) hoac 2(39) vi mdy quang phd ghi
duge mot vach phé twong tng. Tap hop cic vach phé sé cho mot diy vach phé birc xa cla
nguyén tir hydro:

Day Lyman: Dugc Lyman tim ra nam 1916 gém cdc vach ¢6 s@ song:

_ 1 1
I~ n” )
tng véi cic chuyén mic n'=2, 3, 4,..., o vé n=1(hinh 2.24},Vi AE 1dn nén theo 2(37), diy

vach nay ndm trong viing tr ngoai (UV).

Khi n'=w — n = 1, nghia la budc chuyén electron tir mic ¢6 nang luong cao nhat E,.= 0
vé muc nang lugng thdp nhdt E, =-13,6eV (tinh theo 2(36)), do dé6 AE = 13,6 ¢V va theo
2(40}) 1a cd vach gidi han v = ;C = R, hay vach gidi han cla day Lyman cé budc song

1 1

L =912.10%=912A.
R, 109678
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Day Balmer: thu dugc khi thyc hién chuyén mic n'>3 — n = 2 (hinh 2.2) gém cidc

vach cd 8 song.
_ 1 1
:RH[? _F] 2(41)

Céc bifc xa nay nam trong ving nhin thay va duge Balmer phat hién nam 1885.

Day Paschen: (1908): Cdc vach phd thu dugc do si chuyén electron tir cic mic ning
lugng cé n'>4 vé mic nang lugng ¢6 n=3 hop thanh diy Paschen. Nhimng bifc xa niay nim
trong mién hong ngoai (IR) ¢6 s6 séng ¥ dugce tinh theo cong thic:

- l 1
n=4,56,.x

Ngoai ra pho birc xa cta nguyén tir hydro cdn c6 cde vach:

Day Brackett (1922): cdc vach pho thu duge chia diy nay do electron chuyén tir cdc
trang thai n' = 5 vé trang thdi n=4, ¢4 s& song:

_ 1 1
VZR”(“—Z“F] 2(43)
n'=5,6,7. .«

Day Pfund (1924) : Diy Pfund xuit hién do cdc bude nhay electron tit n'2 6 vé n = 5
v@i cdc sO song tuong (ng dugce tinh theo cong thiic:

_ o1
y =RH[5—2—F] 2(44)
n=6,7, 8, ..w

2.1.3.2. Orbital nguyén tir (AQ)

Cac ham séng v, ¢ (r,0,0) = R, /()Y ¢,,(0,¢) (bang 2.1) 1a nghiém riéng cla phuong
trinh Schrédinger mo ta nhifng trang thai khdc nhau cia electron trong nguyeén tir. Theo y
nghia vat 1y ciia ham séng thi y’, ¢ .(r.8,¢) chinh la mat do xdc suat tim thay electron & vi
tri nao d6 dng vai toa do (r,0,9) trong khong gian bao quanh hat nhan nguyén tir. Vi
electron mang dién tich va chuyén dong lién tuc v4i van 16c rat 1én (~10%cm/s) nén tap hop
cé¢ vi tri ndi trén tao thanh dim may electron cé xdc sudt tim thay né khodng 0,95 (tap
trung ~95% dién tich electron). Diéu vira phan tich la phu hc_ip v6i quan diém cd hoc lugng
tr: trong nguyén ti, electron chuyén déng khéng theo mot quy dao xac dinh nio. Do vdy,
khdi niém "quy dao” dugc thay bang "ddm may electron”. Hinh dang, kich thude, s dinh
hudng khong gian va sy phan b dién tich cla ddm may electron phu thudc vio him séng
Yot m(r,B,(p).
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Bang 2.1: Cic ham séng W, ¢,(r.0.¢) (orbital) ciia nguyén tir hydro (iftag véin = 1. 2, 3)

Cic 58 lugng tof

Ham song

Phin ban kinh R,y (r)

Phin gdc

Nl M e Y £ n(0.0) = © ¢ (D). D ()
1 0 0 Wi = Wy, 2e” |
1 -ri2 |
2 0 0 Wy = Yo, ;""{(2 - e __4“_
= n
|'r3 0 '_ ra
2 l 0 Wie = Wap, J_uxs -:[—41 .
1 . ) \E X
2 i Doy, =, —re™? sinficosp = .
20 I 2‘/6 I.¢ m m r
i 3y
2 ! e =y, —= sinfsing = e
!
3000 10 we=wy, adh (27 - 18r + 20 ™ Jin
-J_i cost = ‘E z
3 ! 0 Wi = Wap, b famr fqm T
J_; sinCcosg = 3 x
3 l 1 Wi = Wap, \ 4 m e Jﬂ‘r
—= (6r - )"
81v6 ﬁ sinBsing = \E Ll
3 ! -1 Wi = Wy, m ' ,?4-5‘:'
\/g \/_ 322 52
I (3eos?0- 1) = -
3 2 0 W = Wl m m I‘2
Jg sinBcosbeosg = ‘E Az
3 2 ] Wan = Wi NES I \/’La‘r2
Jg Geosl = .__'5 E
3 2 -1 Was) = Wiy, \ m sinGeosOsing = =
4 rlc-nf}
T 2
3 2 2 L 8130 Jis VIS x*-y
W= Waayh sin*Beos2gp = —— 3
Vién \!1631; r
3 2 -2 Wiara = Wiy, j JT; o V15 Xy
— stn0sin2¢ = JF
T L l'
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Vi vAy: ham song toa d¢ khong gian y,,,(r,0,0) mo 1a trang thdi 1 electron trong
trudng luc cua hat nhan nguyén tir dude goi 1a orbital nguyén tir (Atomic Orbital) va viét
tat 1a AO.,

Do d6, mudn hiéu r& dac diém chia cdc AO ta cdn xem xét va dé don gidn viet 1a v, , ..
Méi ham séng (AO) nhu vay dugc dac trung bang tap hop 3 s6 luong tir n. ¢ ,m c6 méi
quan hé nhu di duoc thé hién ¢ 2(33).

béi voi s6 lugng tir orbital ¢, ngoai cdc gid tri bing s&, ngudi ta con diing ki hicu bing
chit tuong dng:

£=0, 1, 2, 3,...
} 2{45)

ki hiéu : s, p. d, ..

con phia bén trdi cdc ki ur nay thi ghi s6 lugng tir chinh, thi dy, ta ¢6 cdc trang thdi s, 2s,
2p, 3s, 3p, 3d, ...d¢u dugc suy ra tir 2(33) vi 2(34). That vay:

Néu n = 1, thi theo 2(33) 1a ¢6 ¢ = 0 va m = 0 va chid ¥ dén 2(45) ta thdy electron &
trang thai dugc mo ta bdi ham s6ng W, ¢ m = Wi = W, {AO 1s) va nang lugng tuong lng

durge tinh theo 2(36): E=E, =- 13,6 =-13,6 (eV)

12

Khin=2,suyra #=0,1vam=0, +1
n=2,¢{=0m=0 1 ¢6 1 ham séng y,,,= w,, (AO 2s)
n=2, f=1,m=0;%1 :c¢63ham séng tng vdi 3 gid tri cha m:
m=0 :y,,=\,, (AO 2pz)
m=1 :y,, =y, (AO 2px)
m=-1 9, =y, (AO 2py)
Cic chir x, y, 7 ghi hén phai ky higu 2p dé chi ring cdc ham séng YWape Wapys Wap PhU
(hude vio cde toa do x, y, 2 (xem bang 2.1). Ca 4 ham séng v, us Yo, VAL,

o 1 X

cung
¢ m@l mue ning lugng,.

E =E, - -_—1:?-’(1 = -34(cV)
’E
Truimg hopn=3,dodé ¢ =0,1,2vam=0, +1, +2:

n=3¢=0,m=10 2¢O 1 ham song gy, = a, (AQ 3s)
n=3 /=1 m=0, +1 D tuong e nhu 2p:

m =0 SV = Wy, (AQ 3pz)

m =} Sy = Y, (AO 3px)

m=-1 Dy =y, (AQ 3py)

n=3¢=2m=0,+1,1+2 ¢S him séng Gng vdi 5 eid i cha m:
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m=0 :yys= Y (AO 3dz?)
m=1 :y,=yy, (AO 3dxz)
m=-1:y5,= Yy, (AQ 3dyz)
M =2 W= Yagaly (AO 3d(x*-y)
m=-2 1 Yy,= ey, (AO 3dxy)
Vay khi n =3 ¢6 tdt ca 9 him séng (1ham vy, 3hdm y,, vd 5 hdm y, ) cling (ng véi mot

13,6

2

muc niang lugng E,=E, = - =-1,51(eV)
TU cdc thi du trén ta ¢6 thé 16ng qudt hda nhu sau: Néu n ¢6 mot gid tri cho trude nao
dé thi theo 2(33):

- Khi £ ¢6 mot gid tri xde dinh thi s€ ¢6 (24 + 1) gid tri cham luong ng vivi (2¢ + 1)
ham séng.

- Khi £ bién thién tir 0 dén n - 1 thi s ham séng sé la:

n--1
> (2¢+1) = [+3+5+47+..+2n-1= n’ 2(46)(*)

F={1
nghta la khi n c6 1 gia urj xdc dinh & ¢6 n® ham séng v, , , (N> AO) Ung v6i mot mifc nang

3
lugng E = - % (eV)
n

Trang thdi ¢6 nhiéu ham sdng tng v6i mot mitc nang lugng goi la trang thdi suy bién
va 50 ham séng d6 duge goi 1a do suy bién. Thi du: D6i chiéu véi cic trudng hop cu thé
ndi trén ta thay:

Trang n = 1 chi ¢6 1 him séng v, ing véi mic £ = -13,6eV nén khong phai la trang
thai suy bién.

Trang thai n=2 c6 4 ham s0ng ;. Wype Wapys Wap, V6L cling 1 mitc nang luong E,=-3 4eV
12 suy bién va do suy bién bing 4.

Trang thai n = 3 ciing la suy bi€n vdi do suy bién bing 9.

Nhu da biét, dudi téc dung cla cdc trudng luc ngodi nhu dién trudng (higu tag Stark),
tr truong (hiéu dng Zeeman), tir mdt mitc nang lugng ban ddu cla electron bi tdch thanh
nhiéu mifc khdc nhau va do dé lam mat sy suy bién (khir suy bién). Tuong tu, hién tuong
tich nang lugng ciing dién ra trong trudng tinh thé (trudng ligan) va sé duge dé cap dén
khi nghién ciu lién két héa hoc trong cdc phic chat.

uy+u
2

n

{*) 2(46) chinh 13 8ng cla cip 50 cong §, =( ]n »trong d6: uy = 1w = 2n-1 vit cong sai n=2.
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2.1.3.3. Sy phan bo mat do dién tich electron & cdc trang thais, p, d

Dé hi€u rd hon vé cdc orbital, moi quan he clia ching véi cdc mifc nang lugng va cic s6
lugng 11t ta can xét dén sir phan bs mat do dién tich electron & cédc trang théi s, p. d.
- Su phan bé mat dé dién tich electron theo goc

Muon biét sy phan bd mat do dién tich electron, ta cdn xét dén phin géc Y, (8.9) cla
ham séng v, .

Boi vdi cac frang thai ns, nghia la khi n=1, 2, 3,..., £ = 0 va m = 0, 1a thdy cdc ham
song y,, chi phu thugc vao bin kinh r ma khong phu thuoc vio cdc 8 vi ¢ vi theo bang

2.1, phan géc Y ¢ .{0,9) =\/%- 12 mot hing s6. Vi vay ma & nhiing vi tri trong khong gian
T

cdc hat nhan nguyén tir cing mot khoang céch r, y,, ¢6 cling mét gid tri va do dé mat do
xdc sudt gap electron 3, ¢6 gid tri nhu nhau. N&i céch khic 13 dim may electron hay
AQs c¢6 dang déi xing cau (hinh 2.3).

Déi voi trang thainp: (n=2,3,4,..;¢ =1, m = 0, £1): tir bang 2.1 ta thiy cdc ham
séng y,, khdc v6i y,, & chéd: khi n ¢6 mot gid tri xdc dinh thi phin bdn kinh R, , (1) cla
Wop déu gidng nhau nhung phan gée Y ¢,,(8,9) lai khdc nhau theo cdc hudng khic nhau
phu thude vao cdc géc 0 v @. Diéu d6 duge hiéu 1a & nhimg vi trf €6 clng r, khi 8 va ¢
nhan nhimg gid tri khdc nhau thi y,, va do d6 ¢, (mat do xdc sudt tim thdy electron &
trang thdi n tuong dng) s& khdc nhau, nghia Ia cic AO p khong ¢6 tinh chit d6i xing céu
nhu cdc AO s nhu duoc thé hién & hinh 2.3.

M#6i quan h¢ 2(33) va bang 2.1 cho thdy: Tat ca cdc trang thdi np (2p, 3p, ...) ¢6 £ =1;
m=1, -1, 0 trong tng v6i 3 ham song

e NA(x
W (m=1) c6 ‘(.1(a.cp)=ﬁ;““ cosp = N7y 2(47)
NER V3 y}
(m=-1 c6 Y, (0,0) = ~=—sinOsing = — |~ 2048
Woy } 1-1(0,0) Jan \/47[\].) (48)
V3 V3 (2
Lm=0) co Y, (0,0)= cos@z—‘[—J 2(49)
Yy 1wl {_4:*[ f—4n :

Dura vao céc biéu thifc ndy va hé truc toa do & hinh 2.1 suy ra:

Yo €0 gid tri cyc dai khi sin0 =1 (8 = 90"} va cose = 1(¢ = 0°). D€ thoa man ca 2 diéu
ki¢n dé thi ban kinh vécto T phai & vi tri tring vdi truc x, nghia 1a W, €6 gid tri cyc dai
doc theo truc x. Tuong ty c6 thé gidi thich:

Wy va Y, ¢6 gid tri cuc_dai doc theo truc y khi sin@ = 1 (8 = 90°) va sing =1 (p = 90°),

W, VA gy, c6 gid tr] cue dai doc theo truc z véi diéu kién cosd = 1 (9 = 0Y).
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Nhu vay, d6i véi bat ky trang thii p ndo ciing ¢6 3 orbital p,, p, va p, dinh hudéng cue
dai doc theo ba truc 10a d¢ x, y, z tuong ng v6i 3 gid trj cta s& luong trtrm = 1, -1 va 0.
Cic AO p nay ¢6 hinh dang qua ta (hinh 2.3). Ddu ca cdc orbital nay phu thuoe vao cdc
toa do X, y va z. Ciing bang cich nhu vay ta xét cho;

Cactrang thaind: (n=3,4,5,..; f =2:m =0, 21, +2)
Tuong dng v6i 5 gid tri clam 1a 5 AO d ¢6 dinh hudng va diu khdc nhau (hinh 2.3)
Céc ki hieu x, y, z, 2%, x’-y’, xz via xy & phia dudi, bén phii cha cic AO p. d ¢6 ¥ nghia:

Xac dinh vi tri va sy dinh hudng cue dai cla cdc ham séng Yy, W, tuong tng nhu s&
duge phan tich 1am sdng to hon khi xét dé€n thuyét héa tri dinh hudng, sy tuong tic cia cic
AQ tao thanh lién két hoa hoc & chuang 3.

Hinh 2.3, Cdc orbitel nguyén v s, p va d.

Dai vai cac ham séng ., y,, y,, ngoai tinh chat chuén héa thda min didu kién 1(8}
con c6 tinh chat truc giao, nghia la:

fwydv=0 2(50)
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trong do y; va y; 1a hai ham séng tvong ting vai 2 orbital khdc nhau. Thi du: hai orbital ‘¥,

va ¥, la truc giao véi nhau, vi: IW.\%;dV =0

Ta c¢6 thé thidy ro diéu nay trén
hinh2.4: Tich phan [yy,dv c6 thé duge
chia thanh hai tich phin ¢$ do 1dn bang
nhau nhung nguge ddu rhau (do két qua
nhan diuw cua wy, va y), vi vay,
Sy, dv=0,

Tinh chdt tryc giao ndi trén cla cdc
AO s€ 12 co s dé giai thich trudng hop
khong lien két gilta cdc nguyén tor ¢
chuong 3: C&u tao phan ur va lién két héa
hoc.

z

Hinh 2.4. Tinh chdt truc gigo ciia . va ..

- Su phan bé mat do dién tich clectron theo ban Kinh: Xét phan bdn kinh R, cta ham

SONE W, ¢

Cdc trang thdi ns: Vi xdc sudt tim thay
electron trong trudng hop nay, nhu trén da
phan tich, chi phu thudc vao bin kinh r
nén xic suat tim thdy electron v, /n
trong yéu t6 thé tich dv dugc thay bing
hai hinh cau ¢6 bdn kinh tudng ng r va
r+dr (hinh 2.5) va do dé:

R}, (n)dv = 4nR?,, (nridr 2(51)

1a xdc sudt tim thdy electron trong 18p ciu
(16p may electron) cé do day dr va

W(r)= 4nR? , (1)r? 2(52)
chinh la mat do xdc swit tim thay electron
trén mat cau cdch tam hat nhan nguyén tu
mot khoang bing r. Néu cho r nhitng gid
tri khac nhau thi W(r) s€¢ nhin dugc
nhitng gid tri khic nhau. Su phu thudc
W(r) vao r dugc biéu dién & hinh 2.6 va
cho thay W(r) di qua cdc vi tri cuc dai va
cire tidu. Didu d6 ching to xdc suflt gap
electron & nhitng vi trf khic nhau la khdc
nhau. Ta c¢é thé tinh dwgc khodng céch
tng v&1 gid tri cuc dai ciia W(r).

Hinh 2.5. Tiét dién Iop cdu (mdy electron) chiéu
day dr cuia clectron ns.

25

3s

2p

3p

I

Hinh 2.6. Sir phu thude Wir)véo r.

O khoang cdch dé, mat do dién tich clia electron tap trung khoang 90%.

Thi du: Khoang cdch d6 d6i véi trang thii Is cia nguyén tr hydro duge tinh nhu
sau: Theo bang 2.1 thi R,,(r) = 2e™ va biéu thitc 2(51) 4p dung cho trudng hdp nay cé dang
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W(r) = 4n(2c")2r2. Diéu kien dé W(r) dat gia tri cuc daj % = 0. Gial phuong trinh nay
' g

thu duge r = 1 don vi nguyén ur, nghia lar = a, = 0,529;%. Nhu vay, xdc suat tim thay
electron trong nguyén tir hydro & trang thai 1s ¢6 gia trl cuc dai tai vj tri cach hat nhan
nguyén tr mot khodng bang ban Bohr thit nhat a,. Puting gach dam trén hinh 2.6 biéu thi
mit hinh cdu bdn kinh a, (ddm may electron 1s), tai dé dién tich electron chiém khoang
90%. Néu chi¢u hinh cdu d6 1én mit phing ta s& duge mot dudng tron tring véi quy dao
Bohr th¢ nhét. Diéu d6 cd nghia la quy dao Bohr khéng phdi dic trung cho nhitng vi tri
duy nhat ciia electron trong nguyén tir ma la nhiing vi tri ¢6 xdc sudt gap clectron 1én nhat.

Tuong ty, ta ciing ¢é thé xdc dinh duge cic vi tri ma xdc suat tim thdy electron cé
gid i cyc dai § cdc trang thai khdc nhu 2s, 3s, 2p, 3p,...trong nguyén tir. Cdc vi trf cuc dai
do theo chiéu tang cla s6 lugng chinh n & cang & cdch xa hat nhan nguyén tir, nghia la
kich thudc cia cdc dim may electron hay orbital nguyeén ti tang lén.

Vi vi trf cla electron chuyén déng quanh hat nhan 12 khong xac dinh nén chi ¢6 thé
tinh duge khoing cdch trung binh © goi [a kich thudc cia ddm may electron hay orbital

nguyén g
- 2
g s]

Mot céch gin ding thay rang f ti I¢ vdi n’. Mat khéc, theo 2(34), nang luong cua
electron trong nguyén tir ti 1& véi n’, do d6 Tt 1¢ v6i nang lugng. Sur chuyén dich electron
tir orbital nay sang orbital khac khong nhitng 1am thay doi nang lugng mét cich gidn doan
ma con kem theo sy thay doi nhay vot vé kich thudc cdc orbital do thay ddi n. Nang luong
cang cao (n cang lon) thi kich thuéc cia orbital cang 16n hay thé tich ctia dém may
electron cang tang. Ngudc lai, sy gidm niang lugng (n cang nho) thi kich thudc clia orbital
giam di, nghia la thé tich cha dim may electron cang bj co lai. Vi vay, c6 thé noi rang
nang lugng clia electron xéc dinh kich thudc orbital trong nguyen tit,

2.1.3.4. Y nghia ciia cic s6 lugng tir

Vi cdc 56 lugng tir giff vai trd quan trong trong héa hoc nén cdn phai nim vilng y
nghia cia chiing mot cach ¢ hé théng hon:
- S6'luong tit chinh n

n xdc dinh ning lugng va kich thudc cha orbital nguyen tlr. Khi n cang ting thi nang
lwong cua orbital cang cao, kich thude cha né cang tang (ddm méy electron tuong ing
cang lon) va nguge lai, theo chiéu giam cia n, ning lugng orbital cang thip (ddm may bj
co lai)

- So6'luogng tir orbital ¢

£xdc dinh hinh dang hay tinh chdt d6i xtng cha orbital nguyén tir hay dém may
electron. Orbital s ¢6 d6i xing cdu, orbital p ¢6 tinh chit d6i ximg truc,... ngoai ra ¢ con
xac dinh mémen dong lugng orbital:
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h

2

M, =Ji(t+1).—= Jitr+ 1.0 2(54)

trong do k= i
2n

- S luong tir tir m

m xde dinh hwing ciia cde orbitel. Theo 2(33), ing v6i méi gid tri cva $0 lugng ti ¢ cé
tdt ca 2 £+1 gid tri cha s¢ lugng trtrm = 0, £1, +2,... +#, nghla 12 ¢c6 2/ +1 orbital (dim
may electron) dinh huéng khdc nhau. Thi du: kht #= 0 thi m = 0, ta ¢6 orbital y_hinh cdu
vai moi hudng nhu nhau, Khi £ =1 thi m nhan duge ba gid tri 0, £1 twong img vdi ba orbital
W Wpa Va Wy, dinh hudng theo ba truc toa do x, y, z. Khif = 2 s& ¢6 5 gid tri cla m = 0,
+1, 2 img vdi nim dinh huéng khac nhau cia cdc ham w2, ., Wy Wiy Va Yy, nhu
da dugc thé hién & hinh 2.3

m xac dink ndng licong electron nguyén tir dudi tic dung ciia te triomg ngodi (hisu ting
Zeeman duge tim ra ndm 1896) liode dién triwong ngoai (hidu img Stark-1910): Khi ¢6 tie
trudng hay dién trudng, mon orbital duge dac trung bing 6 luong 1 ¢ s& ¢6 2 ¢ +] ciich
dinh hudng va thy thuge vio su dinh huéng niy ma electron nhin nhitng gid tri nang luong
hoi khac nhau. Vi vay, méi mirc nang luong i3, ¢ duge téch ra 1am 2/ + 1 AO dinh hurdng
khac nhau {sir khir suy bién). D6 Ia nguyén nhin cha sy ting s6 vach quang phé khi ¢o tic
dung cva dién trudng hay tir truvong. Nguge lai, khi khong c6 tdc dung cha cic trudng luc
ngoai nhu vay thi 24 +1 phin mifc nang luong (twong tng véi 2 ¢ +1 dinh huéng khic
nhau} s€ chap tam mat (trang thai suy bién)

m con xde dinh gid i hinh |
chiéw M(z) clha momen dong |
lugng orbital M, 1én phuong z cua

L

o 1z
H

(i truéng ngoai cudng do i
Hinh 2.7. M_ mdomen dang hieemg M clia cdc
M. {z)=m#h 2(55) clectronp (£ =t m=0. #1).

Thi du: Cédc gid 1r] hinh chicu M, clia momen dong iugng d6i vai cic electron p duge
biéu thi trén hinh 2.7.

2.1.4. Spin cua electron
- S6'luong tu spin m,

Tu su nghién citu chi tiét vé quang phd phdt xa nguyén tlr da phat hien duge nhing
vach phd kép hay néi chung 14 pliing vach boi, do 46, nim 1925 hai nha bac hoc Ha Lan
la Uhbenbeck va Goudsmit da dua ra gia thuyél vé spin: Ngodi momen dong hrong orbital
duge xdc dinh bang s6 lugng wr ¢, electron ¢on ¢é mot mémen dong licomg ricng hay
nionten span. Su Xudt hién momen nay, theo Uhbenbeck va Goudsmit, 1 do chuyén dong
riéng "t quay” (spin) cia electron quay chung quanh truc riéng cia né. Mac di sy 16n tai
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momen spin Ja thyc t€ khich quan, nhiing cdch giai thich cha hai nha bdc hoc vin chua
duoc khoa hoc hién dai chap nhén, vi phuong trinh séng Schradinger phi tuong d6i 1(6) do
chuta chu y dén su hicu chinh khoi lugng theo thuyét teeng ddi Linstein, nén khong thé phat
hién dugc sy ton tai spin va vi viy ma ham séng y, ¢,.(X.y,2) tim duge chi phu thudc vao
ba toa do khong gian x, y, z dac trumg cho ba chuyén dong doc lap cia electron. N6i khéc
di la ca ba s6 lugng tir n, £, m méi chi xdc dinh sy chuyén dong doc lap cla electron xung
quanh hat nhan nguyén tir. Sau nay (1928) Dirac, nha bic hoc Anh da dua vao thuyét
tuong doi Einstein, tuong doi héa co hoe lugng tir va da phat hién duoe su t6n tai clia spin.
Theo két qua nay thi:

~ Momen spin Ms c6 gid tri tuyét déi:
M, = Js(s+1).h 2(56)
tong d6 s 13 80 Tugng (0 spin eé vai trd tuong tu nhu sd lugng, 1 €. Tuy nhién, dai véi mo

clectron, s ¢d gid trn duy nhat: s = 5 Vi vity. s khong xde dinh trang thdi cua clectron.

- Hinh chiéu M, ciia M, 1én phuong z cia trudng luc ngoai duge tinh theo hé thife:
M., =mh 2(37)

O day, m, = &5 = £ 1/2 ¢6 vai 110 nhu s6 luong tif m. Vi m, ¢6 thé ¢6 hai gid hai gid tri
khdc nhau déc trung cho trang thdi spin cba electron nén m, ducce goi |3 56 fuwonyg e tiv spin,

- Momen dong luong todan phin M;: vi m, chi nhan cé hai gid tri 13 +s vii -s nén vécta
momen dong lugng spin I\q/IN chi ¢6 thé dugc dinh hudng hoac 1a ciing chiéu hoac 1a ngugc
chiéu véi chiéu cia vecto momen dong lugng orbital M,. N6i cich khic, momen dong

lugng toan phan c6 gid tii bing 16ng hay hi¢u gid tri cha momen dong luong orbital va
momen dong lugng spin va duge xac dinh bai s6 lugng tir j goi 1a 56" Twong tit néi:

M, = Ji(j+ 1) A 2(58)

Vdij=Ff+s= fi% . Nhu vay, trong trudng hgp chung: Ung véi mot gla tricua € ¢o

hai gid tri coa ). Trong trudng hop j = £+ 1/2 ngudi ta néi rAng moémen déng luong orbital
(ki hicu 1a T) va momen dong luong spin (ki hieu 1a T) song song v6i nhau (T1). Nguoge

lai khi j =¢ —% thi chiing déi song song nhau (T{). Rieng truong hop ¢ = Q, vi khong ¢b
moémen dong lugng orbital nén ciing khoéng ¢é sy dinh hudng tuong d6i cla momen spin

vo1 momen dong lueng orbital va j chi ¢é mot gid tri j =5.

Do su 16n tai clia momen spin nén ndi chung, méi muc nang luong E, ; dude tach thanh
hai phian mdc ndm gin nhau.
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Eoy vGij = € + % 2(59) M1 E,
E,jv6ij={ - — 260y  Ear T
nhu duge thé hién & hinh 2.8. N E,
Theo Uhbenbeck va Goudsmit thi dé T: Momen dong luong orbital
chinh la nguyén nhan cta su xudt hién vach T: Momen dong lugng spin

kép cla quang pho, ndi cdch khic li do

. . . Hinh 2.8. Hiéw 1img spin.
tirong tdc spin-orbital.

- Mémen tir orbital p: vi la hat mang dién tich nén khi chuyén dong xung quanh hat
nhan nguyén tir, ngoial moémen dong lugng orbital M ¢, electron déng thoi con ¢6 mémen
tir orbital p, ¢é hén hé vdi momen dong lugng orbital:

Ji ,
no=— M, = S JHE+ ) =B D 2(61)
2mc 2m.c

trong do: e, m, la di¢n tich va khoi lugng cina electron, ¢ 1a t6c do dnh sdng trong chan

khong, B 1A manheton Bohr:

__eh
i 2mc 2{62)
Tuaong 1 ta co:
- Momen tir spin pg duge sinh ra cing véi momen spin M, do electron ty quay quanh
truc riéng vi c¢6 moi lién hé:

<

", M. =S G+ D =pSseeD 2(63)
2mc

2m.c

Spin ciing nhu khéi lugng, dién tich, 12 mot thude tinh ¢o ban ca clectron. 86 lugng

tif spin m, ¢é ¥ nghia quan trong déi v6i 1y thuyét cau tric electron nguyén 1 vt phan tr

cho phép giaj thich ban chat cua lién k&t cong héa tri tir tinh, khd niang tuong tdc cla cic
chat, co ché phan ing hda hoc,..., nhu s& duge 1am sdng 10 ¢ cdc chuong muc Liép theo.

2.1.5. Spin va nang lueng clectron

Nhu da bi€t, két qua giai phuong trinh Schrodinger phi tuong d6i 2(3) cho nguyén tir
hydro thu duge biéu thitc nang lugng clectron chi phu thudc vao s6 luong tir chinh n:
2r°m e*

E" —_ L 2(64)
n’.h?

Tir d6, da tinh todn va gidi thich duge sy xuat hién cdc diy vach quang pho nhu da thé
hién & cdc hinh 2.1 va 2.2.

Tuy nhién, dya vio biéu thitc E, noi trén cling khong thé giai thich duoc cau triic tinh vi
cha cdc vach quang phd: Bang cdc mdy quang phd ¢6 do phan giai cao ta ¢6 thé quan sét
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thay mot 6 vach quang phé trén hinh 2.1 va hinh 2.2 duge tich thanh nhém vach phan bo
gan nhau. Diéu d6 cé nghia 1a moét mic nang lugng L, thue € gém mét s& mifc nam st
nhau.

Tt phuong trinh song twong déi hda cua Dirac, nguoi ta thu duge biéu thic nang lugng
cua electron trong nguyén tir hydro E, ; chinh xdc hon so v6i E, & 2(64).

2 4 =
B, =-tme f,et ) L3 2(65)
' n-h° nos I dn
o 2ne? 1 N o - iy . AfR -
Ve o = e 137 duge goi Id hang s6 cau triic tinh vi. Trong bi¢u thic 2(63) ta thay,
< :

ngoal s6 fuang tu chinh n, ede mitc nang luong cdn phuy thude vao s6 lugng 1 noi j, nghia
la n€u n cé mot gid tt cho truée con j thay doi thl E, ; s& nhan cdc gid tri khdc nhau. Vi ¢6
sir taich muac nang lirgng nhu vy nén méi vach quang phé cha hydro ¢é thé duge tich
thanh mot s6 vach phan bé sdt nhau tao thanh cdv tric tinh vi chia vach phd mi s6 séng v
ing v6i chuyén mie E, ; — [, , tuong Ung nhu 2(38), duge xac dinh:

vo DBy T,.-T 2(66)
he  he RS
vOi cdc quy tac chon loc:
Al =21, A)=0, £ 2(67)

T,, (T,;) gol la s6 hang quang pho

Thi du: Xét cdu trde tinh vi cua vach quang phd H,, ctia nguyén tir hydro xuat hién 12 do
sur chuyén doi electron tir mite ning lugng E, .. vé mifc [, -;.
Vo = 2, theo 2(39) va 2(45) 1a ¢6 cédc trang thdi 2s (n = 2, f = 0), va 2pin=2,f{=1)

nhung véi cing mot mic nang lugng E,_, duge tinh theo 2(64) vi bd qua twong tdc spin-
orbital (j = 0).

Néu tinh dén j thi 2s; vi 2p; phéai khdc nhau vé nang luong vi theo 2(63) va 2(66): E,;
hoac T, ; vi do d6 cdc vachk quang phd phu thuoe vao cia n va 1 O n cho truée, g véi mai

gid tricha ¢ s8 ¢o 2 gid [rg]z(ii.trulrmng hop £ = 0 thi chi c6 mot gid tri j = Enhu

da duge biét deén ¢ phin trén. Tir dé tim duge ba trang thdi 2s,,, 2p,, VA 2p., ¢6 nang
lvgng khac nhau bai j khdc nhauv.
Vai n=3: Bang cdch tuong ty nhu trén ta thay tir mot mirc nang luong E, ., do tueng tic
spin-orbital ma tich thanh 5 muc khic nhau bdi j: 3s),, 3p.s, 3pse. 3d., va 3ds,.
Nhur vay, cdc mitc nang lugng trong nguyén 1r hydro ing v6in =2 vin = 3 ciling nhu
sy xudt hién cdu tric tinh vi ciia vach H, va cudng do trong d6i cila cdc vach tinh vi nay
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dugc phan dnh trén hinh 2.9. Theo quy tc chon loc 2(67), nhimg chuyén doi duoc phép &
day la:

3ds,
3y = 2pie 3d,,
3pan
3y, > 2pn 3p,.
35,0
3P > 2,
3P|r‘ - ZSIP 2]33:-1 Yy Y
33”_. - zpm 2p|ﬂ b & 4 A
512

3(1 L) - 2[)‘;3

38”2 - zp]ﬁ -I' T ‘lr T -

Hinh 2.9. Cdn triic tinh vi cda vach phd H,,.

Theo cdc hé thirc Dirac 2(65) va 2(66), cic mic ning lugng (ing vdi s6 lugng 1 n va |
giong nhau thi tring nhau, trén hinh 2.9, d6 1 cic trudng hop 2p,,; va 2s,,: 3p,,» va 3d,,
va 3p;, (*). Vi vay, chi ¢d 5 cdch chuyén doi va do dé vach H, duge tich thanh 5 vach
nam sat nhau.

Bang cdch tuong tur ta ¢ thé xdc dinh duge cdu triic tinh vi cla cdc vach quang phd
khdc nhu Hg, H,....

2.1.6. Spin va orbital toan phan

Giai phuong trinh Schrodinger phi tuong d6i cho nguyén tir hydro va cdc jon gidng
hydro, vé mat ly thuyét, ta biét duge nhitng ning lugng cla electron trong nguyén 1 & cic
trang thai khac nhau va cdc ham séng toa do khong gian y, ¢ (X.y.2)=y, ; {1,.0,0)=
Vo ¢ ol T) cOn got la orbital nguyen tir {AO) mé ta cic trang thai mot electron duge dac
trung bang ba s& lugng trn, £, m.

Trén cg s¢ d6, cdu tao nguyén to, theo quan diém hién dai, duoc hiéu 1a: nguyén tir
g6m c6 mét hat nhin duge bao quanh bai cdc didm may electron hay cdn goi la cdc orbital
nguyén (W (AO) cd kich thude, hinh dang va dinh hudng khong gian khic nhau,

(*) Trude ddy, didu nay vin duge coi fi hodn toin chinh xic. Tuy nhién, nim 1939 hai nha quang phéd hoe
Houston vii Pasternack di thiy cé su khic phau giira hai 50 hung 2s 5 vh 2p,, vio khoidng 0,03cm™. Nam
1947, hai nha vit 1¥ M§ Lamb vi Rutherford, bing phuong phdp quang phé vo tuyén cling d3 ching minh do
chuyén dich dé vio khodng [000MHz (IMHz = 1/3.10%cm™") vil néi chung d8i v6i cde s hung khic cia
hydro (cing n. j khic £} dé chuyén dich niy déu qud nhd (1 1¢ vain),

D¢ chuyén dich teén goi [ d¢ clinyén dich Lamb va duoe giai thich trong di¢n dang lue hoe leong wr
biing yu tuong tdc cia di¢n O trong nguyén tr véi cdc thang gidng biac khong cia trudmg proton.
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Vi electron dong thoi con tham gia vao chuyén dong doc lap thi tw - tur quay xung
quanh truc riéng duge dic trung bang s6 lugng 1 spin m, =+ 5 nén ca bd bon 56 luong 1

n, £, m, m, md1 dugc xdc dinh ddy di trang thdi chuyén dong cla electron trong nguyén tir
va ham séng tuong tng phai la ham séng toin phin (orbital toan phdn) ¥, wm(r. 3. @, 6)
chifa ca bon 86 lugng 1 dé va phu thuoe vao toa do khong gian (r, 0, ¢) va toa do spin o 1a

ki hiéu biéu thi hai dinh huéng nguoc chiéu nhau cha spin tuong iing véi m, = i%.
Tap hop bén s6 lugng tr n, ¢, m, m, duge ki hiéu 13 a, tap hop bén toa do r, 8, ¢, ©
duge ki hi¢u 1a g goi la toa do mé rong (khai quat). Do do ta cé:
LiJn Irllllllb[r- es lP. GJ = LP i(Cl) 2(68)

Mat khdc, vi chuyén dong xung quanh hat nhan va sy tu quay theo truc riéng cla
electron 1a doc iap v6i nhau nén c¢6 thé tich ham toin phdn thanh tich hai ham toa do
khong gian vi ham spin y(c)

l’l"n F_m:m(f- 8» (Pv g)= W, emlt. 9; (P)-x mq (G) 2(69)
Ham spin y ,, (o) khong ¢ biéu thiic todn hoc ma chi [d ki hieu (diing dé bién {uan
trong cdc bat todn héa Jugng ti nhu sé duge néi dén & chuong 3). Néu m, =+ 1 thi
2
X m. (@)= néu m, = -% thi ¥, (o) = B. Nhu vay, ing v6i mot ham toa do khong gian
5 N

¥, ¢ (orbital) ¢ hai ham hay hai orbital t10an phdn:

l-}Juhnm = lynun.‘a 2{?0)
anFfm = i
l<Pnrm_m :qJnfm'B 2(71}
Thi du: D6i v6i orbital i, = w0 = —L " ta ¢ hai him séng toan phin Ii
v
¥ o =leta w¥ =lerp

10(:12 Jr 100~ Jr

2.2. NGUYEN TU NHIEU ELECTRON
2.2.1. M6 hinh hé cac electron déc lap

Nhu trén da bi€t, nguyén tir hydro va cdc ion gidng hydro chi ¢6 1 electron duy nhat
chuyén dong trong trudng luc clia hat nhan (truong xuyén tam). Do dd, phuong trinh
Schridinger trong trudng hop nay c6 thé giai chinh xdc va cho phép xdc dinh dugc nhiing
ham séng cta mot electron va cdc gid trj nang lugng tuong ing clia né & cdc trang thai
khdc nhau trong nguyén tir.
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Trong nguyén tir nhiéu electron, ngoli tuong tic gifta cac electron va hat nhan con cé
nhitng tuong tic gilta cac electron vdi nhau lam cho méi electron chuyén dong trong
truong luc khong con d6i xing cau (doi xtng xuyén tdm) nhur trong nguyén tir hay ion c6
mot electron va bay gio phuong trinh Schrddinger chiga qud nhiéu bi€n sé nén khong the
giai chinh xdc duge. Vi vy, d6i v6i bai todn vé nguyén tir nhiéu electron (véi s& electron
nz2) ngudi ta phai sir dung phuong phdp giai gin ding thich hgp phan d4nh duge nhimg dac
diém co ban clia nguyén tir nhiéu electron,

Mo hinh gan ding nhu vay dugc goi 1a mé hinh hé n electron déc ldp. V& mo hinh
nay, ngudi ta thita nhan 1a: Trong nguyén te nhiéu electron, méi electron chuvén dong déc
ldp voi cdc electron khdc trong mot truong trung binh ¢6 doi xitng cdu (triong xuvén tam)
diege tao bat hat nhéin va cac electron khédc. Tren co so d6, ngudi ta xét rieng trang thdi
cua timg electron, dugc goi 12 trang thdi mot electron. Trang thii nay cing duge dac trung
bang mot ham séng- orbital nguyeén tir (AO) vdi nang luong tuong ng va nhu viay: Mo
hinh i electron doc 1ap da chuyén bai todn n electron thanh n bai todn mot electron, do do
mo hinh néi trén con duge goi 1a mod hinh dang hydro (type hydrogénoide)

Vi hé ¢6 n electron doc lap (khong twong tic v&i nhau) nén ham séng mo 14 trang théi
cua h¢ phy thudc vao ban kinh vecto cha tat ca cdc electron trong h¢ w(i.5.....7,....T, ).

Mbi bdn kinh vecto nhu vay ciia timg electron lai chifa ba bién x, y, z (hoac r, 8, ¢). Him
song dé cha hé phai thoa man phuong trinh Schrédinger cho toan hé:

fly = By 2(72)
n 2 ~2 ~2 -2
trong dé, H=T +U; T= > - [E vl V! =_(._T S — f_.;
i=1 S?T'ITIL. FX; (F‘}’J (A:"{'i_

U=U(.5,...5,...5)
Vi cdc electron chuyén dong doc 1ap nén ¢6 thé viét:

W B Fan £ = W W(B ) Wi B )y £,) 2(73)

H=H + H,+..+ H,+... 0,
E=E+E+.+E+.+E,

Méi electron i chuyén dong trong hé nhu vay s& tng v&i mot phuong trinh Schrédinger

yi(F) = B 7)) 2(74)
2
vii Hi:-h,in+u,(?_)
&n"m,
va nhu vay s& ¢6 n phuong trinh Schrédinger kiéu 2(74) cho n electron.
Ham séng w(T,) mo ta trang thdi cva mdi electron doc 1ap i trong nguyén tir nhidu
electron chi phu thudc vao toa do khong gian ciing dugc goi 14 orbital nguyén ur (AQ).
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Ham séng w(r |, T4, ... Tj.... T,) 0 2(73) theo dinh nghia trén thi khong phai 1a AQ va
ciing chua phan dnh hién tugng spin. N&€u chd ¥ dén spin cla hé thi ta phdi ding toa d6 mé
rong q va ham séng toan phin mo ta ddy du cdc chuyén dong cia hé n electron doc lap sé
goém tich cidc ham orbital-spin cla timg electron tuong tv nhu & 2(68) hodc 2(69):

W1 Q@) =W, (@), (@) P, (@) P, (Q) 275)

2.2.2. Ham séng toan phan cua hé nhiéu electron ¢ dang dinh thirc Slater

Ham séng 2(75) chi mdi phan d4nh hién tugng spin cla cdc electron ma chua noi dén
nguyén ly khong phan biét cac hat vi moé dong nhidt cia ching. Nhu di biét, muén biéu
hien duge nguyén ly nay thl ham séng toan phan cla hé¢ phai 12 ham phan déi xing, nghia
14 phai doi ddu khi c4c eleciron déi chd cho nhau.

That vay, d&i véi hé cé 2 electron, thi dy nhu nguyén «r He 1s?, ta ¢ cic ham séng
toan phdn mé ta trang thai chuyén dong cha ting electron s& la Y, (@l)vaY¥,, (q;). Him

séng toan phan ciia hé 2 electron doc 1dp nhu vay cé thé viét:
Y, ) =, (q). ¥, (Q,) 2(76)
Sau khi 2 electron d6i chd cho nhau, ham séng toan phdn ctia hé c6 dang:
Yi(q, q) =Y, (q). ¥, (@) 2(77)

Theo nguyén 1y chéng chit cdc trang thdi, hé ¢é thé & trang thdi duge mo 14 bing ham
s6ng, 1a 16 hgp tuyén tinh cita ¥, va ‘¥, ndi trén:

Y(q., qu) = CY¥+ Gy,
=CY¥, (q). VY, @ +GY¥Y, (q). ¥ ay Q1) 2(78)

Vi h¢ dang xét 1a h¢ gdm cdc hat Fermi nén ham séng toan phdn mé ta trang théi clia
hé phai 12 ham phan d6i xing, nghia 13 2(78) phai duge chon & dang:

]
¥(q,.q,) =ﬁ[%l (@), (42) ¥, (@) %,2(a))] 2(79)
Néu 2 electron lai déi chd cho nhau thi ham séng toan phin cia hé sé la:
i
P(az.q/)= ﬁ[‘}’al(%)-qjuz(%)_lﬂl(%)-‘Paz(qz)] 2(80)
So sdnh 2(79) va 2(80) ta thay Y(q,, q,) vd ¥(q;. q,) nguoe dau nhau:

¥{q,, q2) = - ¥ (q q)
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Do dé 2(79) ¢é thé dugc biéu thj & dang dinh thirc cip 2:

‘-Pdl(q]) ‘P.ll(qZ
lP.h(‘h) .. (q;)

li"({h'(h)—‘/- 2(81)

Néu he c6 n electron doc 13p thi ham séng toan phén cla hé s& & dang dinh thic cap n:

Y, g0 Y, (g, ()Y, (q,)

1 | (@) ¥ (g Y, (@) Y, (q,)
g P PYRRs PR 9 B I 2(82)

‘Piln(ql) ‘Pu" (qZ) """ ‘Pan (ql) """ ‘-Pan(qn)
trong do n! la giai thita cha n, chinh la s6 1an doi chd cla céc electron.

Biu dién ham séng toan phin cla hé nhiéu electron & dang dinh thic Slater 2(81)
hoac 2(82) nham dat dugc hai muc dioh:

- Ddm bdo cho ham séng toan phdn ciia hé 14 phan doi xvng. That vay, néu doéi'chd hai cot
ciia dinh thifc cho nhau-tuong quan theo ding dinh nghia, him séng toan phén 12 phan d6i
xitng.

- Phan dnh néi dung cha nguyeén 1y Pauli & dang téng quét. Ding thé, néu trong dinh thitc
c6 hat chi 6 a giéng nhau, thi du a, = a, = a nghia la hai electron tén tai & trang thai cé
cing 4 s6 lugng tr n, #, m v m, nhu nhau thi dinh thic s& ¢6 hai hang giéng nhau, do dé
dinh thiic bang 0 dan dén ¥ = 0 va xdc sudt dé hé én tai & trang thdi nhu vay 1a W* =0,

Két luan trén day dige Pauli nit ra tir thue nghiém (1925) va phit biéu & dang duoc
goi la nguyén 1y Pauli:

Trong mot nguyén i khéng thé cé hai (hay nhiéu) electron ma trang théi ciia cluing
duoe dde trimg bang ciing mor tip hop 4 56 lwong tin, ¢, m va m, nhur nhau.

Trong co hoc luong uf, nhu trén da thay, nguyén Iy Pauli phat bi€u nhu vay chi [a mot
hé qua cla tinh chat phan d6i xiing cla ham séng toan phin mo 4 hé nhidu electron. Vi
vay, nguyén 1y Pauli dige phdt bidu ¢ dang téng quat:

Ham séng toan phan mo td trang thai hé nhiéu electron phdi la ham phan déi xitng
va biéu thic todn hoc cla nguyeén ly nay chinh 1a dinh thic Slater 2(81) hoac 2(82).

2.2.3. Nguyén tac nghién ciru hé nhiéu electron (nguyeén tir nhiéu electron va phan tir)

DPai v6i nguyén tlr ¢6 dién tich hat nhan +Ze va Z electron thi khong nhitng chi ¢é
trong tic hit gilta hat nhin va cic electron biéu thi bing thé nang U, ma cdn cé tuong
tic diy U,. Vi vay todn t& Haminton cia hé bao gom todn tIr dong nang clia cic electron

T. va cdc th€ nang trén:

L
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-

I:I :Tc. + U+ U,
. h Z

2
Tc =- 2 zvi
8 m, i=|
Z 7e”
Ucn I
i=t
U el 2 Hinh 2,10
ee = Z - | Z_ Twong tac trong nguyén n nhiéi electron.
[ -1 Tij ‘

Tir hinh 2.10 ta thdy: twong tic giita cdc electron phu thude vao vi tri clia chiing K,
khong c6 cac phuong di qua tam cha hat nhan nguyén tif nhu tuong tdce hidt gita hat nhan
va cdc electron duge mo ta bang cdc ban kinh vecto T v r;. Nhu vay, tuong tic gilta cac
electron i va j mdt tinh d6i xtng Xxuyén tam (déi xdng cdu).

Do c6 tuong tdc gilta cdc electron nén su chuyén dong ciia chiing phu thudc vao nhau.
Giat phuong trinh Schrédinger cho hé nhiéu electron nhu vay 1a rat phic tap. Ngudi ta chi
c6 thé giai bing cdc phwong phdp gin ding bang cach dua hé nhiéu electron chuyén dong
doc lap trong trudng ddi xing xuyén tam.

Nguyén tac néi trén 4p dung khong nhitng cho nguyén 1 ma con cho ca phan tir.

Cac phuong phdp gin diing hay duge sir dung 1a phuong phdp nhiéu loan via phuong
phap trudng tu hgp.

2.2.3.1. Phuong phap nhiéu loan
- Gan ding cdp 0

Trong gdn diing cidp 0, ngudi ta bd qua tuong tdc giita cdc electron véi nhau. Mébi
electron trong hé dugc xem la doc lap, khong phu thuoc vao su ¢é mit cha cdc electron
khdc, do d6 né chuyén dong trong trudng déi xing xuyén tam, chi cé tuong tic gita
electron duge khao sdt véi hat nhan nguyén tir. Nhu vay 1a ta da dua bai todn cdp khong vé
bai todn gidéng nhir di giai cho nguyén t&r hydro va ion giéng hydro.

- Gdn ditng cdp 1

Trong gan ding cdp 1, wong tic gilta cdc electron dugc tinh dén va duge xem nhu la
nhiéu loan nhé déi voi két qua tim duge trong gin diing cip 0.

Trong gan ding cdp 1, ham s6ng thu duge trong gin ding cdp 0 dugc diung dé tinh the
nang tuong tdc trung binh gitra cdc electron. Theo 1(26) ta ¢6:

U, = fw' 0. wdv = fyf U dv= j%z—\q;\zdv 2(83)

1
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Thi du nguyeén tit He (Z = 2) la hé ¢6 2 electron (hinh 2.11), thé nang cla hé la:

Néu giai bai todn nay trong gin ding cap O thi ta chi git lai phin thé nang twong tic hit
giffa hat nhan v cdc electron:

vit bo qua tuong tdc ddy gita cdc electron
2
U, = S thi ¢6 thé xem cic electron dé
i}
chuyén dong doc lap trong trudng d6i
xing xuyén tam. Trong trudng hop nay
giai bai todn cho timg electron trong
nguyeén tr He gi6ng nhu bai todn da giai
cho nguyén tir hydro va ion gidng hydro:

Hinh 2.11. Twong tde trong ngivén nr He.

e . e, " " h2 2 2&2

P61 v6i electron thit nhat: Hwv,=Ewy,; H=——5—V{-—
8n°m, I

e .- . . - - - h2 2 282

P6i vai electron thit hai: Hyyy =Ey,. Hy=-—5—V;-"—
. 2 8n°m, I

Nang luong toan phdn cla h¢ trong gin ding cdp 0 s& la: E= E, + E, twong (ng véi
ham séng cha hé W(T, T, ) =y (T )y,( %) la trudng hop rieng clia 2(73), cdn ham séng toan
phdn ciia hé thi duge mé ta & 2(81).

Né€u gidi bai todn trén trong gdn ding cdp 1 thi ning lugng toin phdn cla heé
E=E, + U, , con ham séng van giit nguyén nhu trong gan ding cdp 0.

Phuong phdp nhiéu loan chi dp dung cho hé ¢é s6 electron khong nhiéu vi U, <U.,,.
Trong hé nhiéu electron thi khong thé bo qua U, vi U,.~ U,
2.2,3.2. Phuong phap truing ti hop

Phuong phdp trudng tu hgp duge dung dé khao sdt hé nhiéu electron. Noi dung cia
phuong phap nay gém céc diém sau day:

- Ham riéng cda hé n electron bing tich cdc ham riéng cla tirng electron riéng biét.
W{ T 1 _': PAIREE I iveey ¥ n ) = l‘JJII( T l)' l"”2( F 2)"' li"l( r i)"‘ "4—";.( T n) 2(84)

- Ham rieng va nang lugng cla mét electron ndo d6 sé duge xdc dinh trong trudng duge
tao boi hat nhan va cdc electron con lai, nghia 1a mdi electron chiu tic dung cia truong the
hat nhan va cac electron khdc trong nguyén 1ir (hoic trong phan tir).
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Gia sit ta Khao sdt electron 1 nao d6 thi thé nang U, cua né dugc xdc dinh theo cong
thiic:

UG =—"+ 35 2(85)

va nhu vay 1a electron 1 khong & trong trudng déi xing xuyén tdm. Mudn cé trudng déi
X(ng xuyén tam ta cdn phai thyc hién cdc budc sau day:

Trudc hét phii lam cho electron chuyén dong doc 1ap bang cdch trung binh héa thé
nang ddy giita cdc electron U,

e e’ 2
U =2 =2 J—|u,r)| av 2(86)
TR TETTRRY
Sau khi trung binh héa nhu vay, thé€ nang U, theo 2(85) va 2(86) bay gi& chi con phu
thudc vao khodng cdch tir electron i dén hat nhan:
B/t ! 2
Uy ST e, dv 2(87)
I roto

1 1] L]

That vay, cac electron j van chua & trang thédi d6i xitng cdu vi chiing c6 thé & cdc trang
thai p, d, f..Dé€ ¢6 dugc trudng déi xing cdu, nghia 12 U(T,) chi phu thude vao r; ma
khong phu thuoc vao cdc goc ¢ vi 6 (hinh 2.1) thi phai trung binh héa U(T,) theo cic
goc:

u(r) = ﬁjUi(ﬁ)dQ 2(88)

U4 T,;) bay git mdi 1a th€ nang cua trudng doi xing cdu (xuyén tdm), 1a két qua cla su
tong hop truong hat nhan va trudng cia cic electron di duge trung binh hda theo cdc vi tri
cla cdc electron va theo cdc goc.

Cudi cling thi, todn i Hamilton clia electron i sé 1a

h2
Vi + U (r
8nim, (5)

LN

l:I'. :T.' +U(r)=—

va phuong trinh Schrédinger mo ta chuyén dong cla ele¢tron i c6 dang:
Hvi= Ew, 2(89)

Vi bay gid trudng cé déi xitng xuyén tam nén y; {r;) ¢6 thé duoc tiach thanh cic thira
so:
Wir) = Ry e(r)@ ¢ o(8)Pn(9) = Ry (1) Y £n(9,00) 2(%0)

trong d6 phin géc Y ¢.{(0,¢) gidng nhu phin goéc cla cdc AO trong nguyén tr hydro va cidc
ion giong nhu hydro. Do dé dé xdc dinh cdc AO cua electron i trong nguyén tr nhiéu
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electron, ta chi cdn xdc dinh phéin ban kinh R, ,(r;} dac trung cho tuong téc giita electron i
vidi cac electron khac nhau.

Viéc xdc dinh y,(r) dugc thyc hién theo phuong phdp gin ding lién tiép: chon ham
rieng cua electron trong nguyén tir hydro 12 him ban dau réi thay vio 2(87) va 2(88) dé
tim thé nang U(r;). San dé, thay U(r;) vao phuong irinh 2(89) dé tim ham riéng y{r) cla
electron i. Ham wyi(r)) vira tim duge bing cdch d6 sé khac voi ham ban ddu va s& cho két
qua gan ding tot hon.

Cach lam trén duge 1ap lai véi ham ban ddu bay gi& duge chon chinh 1a ham vira tim
dugc,

Qu4 trinh d6 duge lap lai cho dén khi ndo ham riéng chia electron i tim duge & ldn
cudi tring v6i ham riéng cia né xdc dinh duge d 1in ngay trude dé.

Phuong phap trudng ty hop duoc Hartree xay dung nam 1925 vi duge Fock cai tién
ndm {930 bang cdch ding ham cia hé nguyén tir & dang dinh thitc. Vi thé, phuong phap
nay dudc goi 1a phuong phdp truong tu hop Hartree-Fock.

2.2.4.Ciu tric electron nguyén tir va bang hé¢ thong tudn hean cdac nguyén té héa hoc
2.2.4.1. Nang luung cua eletron trong nguyén tir nhiéu electron

Tir biéu thic 2(24) hodc 2(34) ta thiy ring ning luogng cta electron trong nguyén ti
hydro va cdc ion gidng hydro chi phu thudc vao s6 luong tir chinh n.

Dai v6i nguyén tir nhiéu electron, ning hrong cla electron ngoai s luong tir n con phu
thudc vao s6 lugng tir orbital £ viclectron khong nhing chuyén dongtrong trudng hat nhan
ma con chuyén dong trong trudng ciia cdc electron khic.

Khi cdc electron & trang thdi ¢6 cling $6 lugng n nhung ¢6 s& luong tir £ khic nhau thi
nang lugng cia chiing s& khdc nhau va ting theo chiéu ting cfia ¢ . Bac biét khi 56 electron
cang nhiéu thi sy phy thudc cta nang lugng vio ¢ cang rd rét.

D€ hiéu rd sy phu thude d6 1a can xét dén céc hiéu dng chén va hiéu ting tham nhép.

- Hiéu itng chdn

Hiéu ing nady phan dnh sy ddy nhau giita cdc electron - chiing chan hoiac che khuit
nhau lam giam sy hiit clia hat nhan d6i véi cdc electron. S6 lugng electron trong nguyén ti
cang nhiéu thi ching chidn 1in nhau ¢ing manh. Céc electron bén ngoai bi chin nhiéu nhat

do do chiing lién két kém bén nhit véi hat nhan va ¢é tinh linh dong cao quyét dinh céc
tinh chat 1y hoc, hdéa hoc cla cdc nguyén 8. Cic electron dé goi 1a cdc electron héa tri.

N€u Ze la dién tich cia hat nhan, Z'e 12 dién tich tdc dung thuc sy {phan dién tich
khong bj chin - di¢n tich hiéu dung) lén electron thi phdn dién tich hat nhan bj chin sé [
Ze-Ze=(Z-Z). HiéuZ - Z' =b goi la hé s6 chin dic trung cho muc d6 chin.

Nhu vay 12 hieu vng chén 1am y€u lién két gifta hat nhan nguyén it va cic electron.
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- Hiéu irng tham nhap

Theo y nghta vat 1y cia ham song ta biét rang electron ¢6 thé & moi vi tri trong nguyén
tr vOi xde sudt khdc nhau. Vi vay ngay cd cdc electron bén ngoai ciing ¢6 kha nang tham
nhdp qua cdc electron bén trong d€ vao gan hat nhéan - viing khéng gian ma tdc dung chin
1a nho nhit, nghia la sitc hiit cia hat nhan d6i véi electron di tham nhap 12 16n nhat.

Qua d6 ta thdy su thdy su chin 1a khong hoan toan va hig¢u iing tham nhap 13 1ang do
bén lién két gifra hat nhan vi clectron.

Kha ning tham nhiap cia electron & céc trang thdi khic nhau ¢é thé suy ra tir phuong
trinh 2(8), sau khi thay ¢ = £ ( # +1) va bidn ddi ta cé:

2 2 2 :
Lﬁﬂ[rzﬁ)ﬁ’ﬂijﬂc E-[-£ b KDy 2(91)
1 dr dr h r 8rt'm, r

Tir phuong trinh nay ta thdy chuyén déng xuyén tam cla electron duge xdc dinh bdi thé

2

ning hiéu dung U (r) gém thé nang hit — < 0 c6 tac dung lam cho electron tién lat

*

2 g
gan hat nhan va th€ ning 8}; w >0 d4y electron ra xa hat nhan goi la the nang li
T'm r

[

1am:

Ze? . hY e+

U==" s 2(92)

Trong 2(92) theo chiéu tang cha ¢ nghia 1a theo trinh ty s, p, d, f...th€ ning li tam s&
tang lén va do do U ¢(r) s€ giam di lam cho lién k&t gita hat nhan vi eleciron yéu di.

Ngudi ta xdc dinh duge riang khi r ¢ gid tri nhé (& gin hat nhan) thi ham Xuyén tdm
R, (Ntilevdir’ Vircs gid tri nhd nén r’ v do d6 R, ,(r) va Rﬁ{(r)cé El& (ri cang

giam theo chiéu tang cla ¢, nghia 1a xdc sudt gap electron s& giam theo thi ty ns, np,
ad,...

Tir d6, ta thdy rang trén orbital ns electron AU (r) W(r) 4
¢0 kha nang tham nhdp sau nhat réi dén cdc
electron & cdc orbital np, nd. Diéu d6 cé thé : 3s
minh hoa bang dé thi U, (r) vi W=4aR¥r)r’ Ip
phu thuoc vao r (xem hinh 2.12) déi véi cic 3d |
trang thdi 3s, 3p va 3d, A
Do thi cho thdy electron irén orbital 3s sé TN\ gy i
¢ trong trudng thé ning I6n nhdt (vi ¢ kha TN .
nang 6 gan hat nhan hon) nén niang luong  *Z¢ ] 2 3ox
cua né thip nhat so vdi cdc electron & trén Hinh 2.12. S phut thuée U ¢ (r) va W (1),

orbital 3p va 3d.
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Theo guy tdc Klechkowski: cic mic nang lugng E,; cla electron trén cdc AO tang
theo gid i1 cia (n+ € ). Trong truang hop hai mic ¢6 cing gid tri (n+ ¢ } thi mdc nao c6 n
lén hon $é cao hon.

Thi du: E,; > Ey (mic 3d cao hon miic 4s)

E..> E;, {miic 4s cao hon mirc 3p)

Vay nang lugng E, (cua clectron trong nguyén tr ¢d nhié¢u clectron phu thuéc vao ca n
{an /v phan bo theo thi ty sau day:

ls <25 2p <3y < 3p<ds =3d<dp <55 =4d < S5p <bs = 5d ~ 4f<bp... 2093
- Suw phu thuoc ning luong cia 6 S
electron vao dién tich hat nhdn S ~ e
Nang lugng electron  khi SFEJ_-'-_Z_-'_-‘-}_?{;:.?:_:-_--'-‘:-m_q_:'_‘_':-_—_-:-_w_-_-;._e._dﬁp
chuyén I’ir nguyén (f niy sang ?:’"'""‘;‘;?4£“¢;~“'h"":::“-'—v_-'-_-’-':-'%s"
nguyén tir khdc cdn phu thudc vae AU nfinkintietintin G e T
dién tich +Zc cia hat nhan. T ‘40 ______________ R . —ar
2(24) ta thay khi Z cang lon thi Mo e TTTTeToToos Sap
nang lugng cha electron cang B B
‘a ' . . La T T e T 3
giam. Sy phu thuoc dé duge bidu 3 3\_39
thi ¢ hinb 2.13.
p T
Do anh hudng cla dién tich hat ——— T 2p
, , L s 2
nhan va cdac s6 luong tr n,f ma :
trat ty phan bo cic mikc ning
lugng & mot s6 orbital ¢é thé bi Is . Is
thay dot (xem hinh 2.13). o 0 90 ”

2.2.4.2. Cac lop va phan lép (v6) clectron Hinh 2.13. Sir phu thude ndang itong cde AQ
v 86 HNE e £ cria ede nguyvén 1o,
- Ldp electron
Tat ca cdc electron ¢6 cung mot 6 lugng tir chinh n s& tao thanh mot 16p electron:
n =1, 2, 3, 4, ..

2(94)
p K L M N..

- Phin ldgp electron (vo electron)

Talt cd cdc electron ¢6 cling mot 86 lugng t&r ¢ s& tao thanh mot phan 16p hoac mot vo
electron:

4 2, 3,”.
. 2(95)
vo s, p, d. f..
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Vi méi gid tri cda n cé n gid tri cia ¢ (xem 2(33)) nghia 1a mot 16p eleciron duge chia
ra 1am n phén igp

Thi dunéun =2 (Iép L) thi # =0, [, ta cé cac phan I6p la 2s va 2p.

- Sd electron cuc dai cia mot phdan lép, mot lap

Trong hé nhiéu electron, thco nguyén ly Pauli, khong thé tén tai trang thdi ma hai
electron ¢6 ciing 4 $6 lugng tlr nhu nhau, nghia 12 mot electron chi ¢6 thé & trang théi dugc
mo ta bang mét ham séng toin phén 1 electron ‘¥, =",

Nhu vay cé thé 6n tai trang thdi ca hai electron ¢6 ¢dce s6 lugng tirn, £, m tuong ng
giong nhau titc 1a chiing ¢6 thé & trén cling mot orbital y, ¢, nhung 6 lugng wr spin m, cla
hai electron dé phai khdc nhau (dé thoa man nguyén 1y Paulia = a' > W, 2 \¥,)

Mbi mot orbital duoc ki hiéu bang mot 6 chif nhat goi 12 0 Juong tr []. Khi orbital chita
| electron ta sé vict Electron nay goi 1a doc than hoic electron tu do (chua cip doi).

. , , o . . 1 . 1
Khi orbital chia hai electron nhung spin cia chiing phai nguge nhau (m, = —vam, = -5)
ta ki hiéu [T¢). Hat electron niy & trang thdi nhu vay goi la cic electron cap doi.

P¢é tim s& electron euc dai clla mot vo, mot 16p ta xét cidc thi du sau day, chi ¥ dén moi
quan hé gittan, ¢ vam d 2(33):
Cho n =1 - £=0 ma m=0, nghia 12 ta cd trang thdi ls vdi orbital y,, =y, Trén

orbital dé c6 thé ¢6 181 da 1a 2 electron, ndi cich khidc 1a 1p K hoac vo 1s ¢d so clectron
cuc daila 2:

Thi tr caceleciron n ¢ m  m, W fm b - Ki hiéu
e, £t 0 0 12 W01
- 10012 1o
e, 1 0 0 -if2 Yiog-12
2 electron lorbital y, 7, 2ham ¥,

Viét 1s? ¢6 nghia 12 & trang thdi ls c6 2 electron.

Chon =2 (ldp L) ta ¢ #=0 (vo 2s) vi £=1 (vo 2p). Su phan bd cic clectron ¢ Idp L
hodc 0 2 vo 2s va 2p nhu sau:
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Thityctaelecron n ¢ m m, Waln . Ki hi¢u
I
€, 2 0 0 — L
2 200, i
i r W e 2y
= 2 0 0 -~ llJ"}un-'
2 T
1
E; 2 l 0 5’ _ W |
8 Tt 2p,;
l L|»"21t1 W |
e4 2 l 0 == - E‘K]--\
5 2
1 _
e_q 2 l 1 5 l{" |||
R i T
1 ¢ Way
e(, 2 .I. l "5 j i ‘P’” |1
1 Wy
67 2 I '1 E 2I_I]
Wil : 2p,’
1 Yoo
€y 2 1 -1 o) 1=,

Qua cdc vi du trén ta suy ra cho trudng hop 16ng quat sau day:

Khi cho n mét gid tri xdc dinh tic 14 cho biét mot 16p electron xdc dinh thi:

Néu £ ¢ mot gid tri xdc dinh ( phan 18p electron x4c dinh) thi s& ¢ (26 +1) gid tri cla
m nghia la c6 (2 ¢ +[) orbitaly ., chita t&i da 1a 2(2 ¢ +1) electron tng v&i 2(2 ¢ +1) ham
song toan phan mot eleciron P rrmm, - Yay s6 electron cyc dai cta phan 16p duge x4c dinh
theo cong thirc: 2(27 +1) 2(96)

Ta dd bi€t ¢ ¢6 thé nhan cdc gid tri tir 0 dén n-1 nén s& electron cuc dai cha mét 19p sé
bang téng s6 clectron cue dai chia trong 14t ca cdc phan 16p cia mot 16p:

n-1
2220+ 1) = 2(143+5+7+..+2n-1) =2n? 2(97)

=M1

Néu chii § dén tha ty nang huong & 2(93) thi ta c6 thé bidu dién thi tu cdc phan lop

electron trong 1ép K va L.
it
2s’ 2p°

[
25

K L
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2.2.4.3. Phuong phap gan ding Slater xic dinh cic AOva E, ;

Nhur trén da biét, trong nguyen tir v&i trudng thé xuyén tam, orbital v, .(1,0.¢) 12 tich
ctia ham bédn kinh R, ((r) v ham cdu Y ; (0, ¢) twong iing v, ,,.(r.0,¢) = R, /(1).Y r {0, o)

Ham cau (phan géc) Y (0, ¢) dd bict (xem bang him song 2.1). Do dé, dé xic dinh
orbital ta chi ¢dn phai xdc dinh ham bdn kinh R, /(r). Teén ¢d sO nghién ctru hang loat cdc
s6 1¢u thue nghiém va tinh todn 1y thuyét, nam 1930 Slater di tim duge cdc hé thite gin
ding xdc dinh ham bén kinh R, , (r) va nang lugng E, , cla electron & trang thii duge mo
ta bang orbital twong Wng:

n¥-p —Z*%
R, (n}= C[L] ey 2(98)
&g
2 2
E, =-22 2(99)
2.n ‘3,
2

h

trong do ¢ 1a hang s6, a,= > = 0,529:\, n" 1a s6 luong tir hieu dung; Z° = Z - b la

dntm e
dién tich hi¢u dung.
Dé don gidn héa cdc biéu thic trén, ngudi ta thudng sir dung a, 1am don vi dai (a, = 1)
va tinh bang lugng bang eV (1eV=1,602.10"""]), Do d6 2(98) va 2(99) tr& thanh:
_nr
R ((ny=c™ e 2(100)

1367
*2

Ei¢=- feV] 2(101)

Béng cach bién thién cdc gid tri clla n” va hé s6 chdn b sao cho E, ¢ cO gid tri cuc tiéu,
Slater da thiét lap dugc cdc quy tac xdc dinh n* va b dugce got 1a cde quy tdc Slater:

1. Sd'luong twr hiéu dung n'
Tuy thuode vao s& lugng tir chinh n ma n” duoc xdc dinh mot cich don gian theo bang
sau day:
Bdng 2.2. M6i quan hé giita n va n” (D61 voi nhing lop n =1.2.3 thi n” iriing n)
n 1 2 3 4 5 6

*

n 1 2 3 37 | 40 | 42

2. Héséchan b

Nhu da bi€t, trong nguyen tir nhiéu electron khong phai tat ca dien tich duong (+Ze)
cta hat nhan tic dung lén electron cin xét ma mot phan dién tich nay bi chin bdi cic
electron khdc (mang dién tich 4m). Phdn dién tich bi chin nay goi 1a hé s6 chén. Phén dién
tich con lai thuc t€ c6 tdc dung lén electron cdn x€t 1a Z' = Z - b va duoc goi 13 phdn dién
tich iéu dung.



a2 HOA LY- CAL TAG PHAN TU VA LIEN KET HOA HHOC

Hig¢u ung chin nay bang 16ng hiéu dng chin clia mébi electron (trir electron cdn xét),
nghia 1a méi "electron chan” ¢ mot 56 hang gép b'; vao hé s& chin b = Xb';. 86 hang gép
nay khong chi phu thudc vao “electron chan” ma con phu thudc vao electron can x6t.

Dé xdc dinh hé s6 chin b, cdc electron hay cdc orbital duge chia thanh cdc nhém sau
day:

(1s), (25,2p), (3s, 3p), (3d), (4s, 4p), (4d), (41),... 2(102)
va viéc tinh 56 hang b'; cla cdc electron khic theo quy tac:

- Nhiing electron thudc cdc nhém orbital nim ngoai (bén phai) clia nhém orbital cin xét
khéng ¢6 hiéu tng chan doi vai orbital nay (b' = Q).

- MObi electron trén cdc orbital ciing nhdm véi orbital cén xét ¢6 s& hang gép b' = 0,35;
riéng doi véi nhém (1s), s6 hang gép b’ = 0,30.

- Néu orbital can xét la orbital s hay p s& ¢6 s6 hang gép b' = 0,85

- Néu orbital dang x¢t 1a d hay f thi mdi electron thudc cdc nhém bén trong (ngay ca khi
cung 18p n) déu ¢é s6 hang gép nhu nhau: b’ = 1,00

Thi du: Xét nguyeén tir cacbon C (z = 6)

(Is) (25, 2p)
Hé s¢" chdn b va phan dién tich hiéu dung Z': 4p dung cdc quy tic néi trén:

- Déi voi orbital Is: b = 0,30, Z =6-030=57
- Bdivei orbiral 25 hay 2p:  b=(0,35.3)+(0,85.2)=2,75:Z2"=6-2,75=325
Nang lugng: Tinh theo biéu thic 2(101) va bang 2.2

E, =-13.6.(57) = -44] 8 eV

2
E, =E, =-13.6 22 _ 350cv
' 4

Téng ndng liiong ciia cdc electron trong C:
E=2E| +4E 3, =2(-441,8)+4(-35,9) =-1027,2eV
Ham R, ¢ : Xdc dinh theo biéu thitc 2(100):
Ry, =Ce™"; Ry, =Ry, =Cure ™
2.2.4.4. Xac dinh cau tric electron nguyén tif ca cAc nguyén (o trong bang hé thong tuan hoan

Né6i dén thuat ngit "cdu triic electron” clia nguyén tr thi phai hiu dé Ia su phan bg
electron theo cdc orbital khdc nhau trong nguyén tir 6 nhiéu electron.

Céc orbital cha nguyeén tlr nhiéu electron ciing ¢6 hinh dang va sy dinh hudng giong
nhu cdc orbital cla nguyeén tlr hydro va cdc ion gi6ng hydro; nhung nang luong clia cde



CAU TRUC ELECTRON NGUYEN TU 63

orbital trong nguyén t{ nhi¢u electron nhu ta da biét khong chi phu thude vao s6 luong tir
n ma con phu thudc vao s6 lugng tit ¢ va sy phan bg electron trén cdc orbital ndy phai
tuan theo cdc nguyén 1y sau day:

- Nguyén Iy viing bén

Cic electron dugce dién vio cic orbital ¢6 nang lugng thap trude, sau khi orbital nay da
bdo hoa (chita du s& electron cuc dai) thi cac electron mdi duge chuyén sang cac orbital cé
nang luong cao hon. Ndi khac di 1a sy phan b6 clectron trén cdc orbital tuan theo trat ty
nang luong tir thap dén cao nhu di ghi trong day 2(93).

- Nguyén Iy Pauli

S6 luong electron phan bé trén mot orbital khong phai 14 bat k¥ ma duogc gisi han bdi
nguyén ly Pauli. Tir nguyén 1y Pauli ta da rit ra cdc cong thuc tinh s6 electron cuc dai clia
mot phan 16p electron 2(96) va cla mot 16p electron 2(97). Vi vay, khi xdc dinh cdu tric
electron clia nguyén tif ta ding cdc cong thic dé dé kiém tra xem mét vo hoac moét 16p
electron nao do da bao hda hay chwa.

- Quy tdc Hund

Quy tac und duge tim ra (i thue nghiém va khang dinh rang khi s& clectron trén cde
orbital cia moét vo ndo dé ma chua vugt qui s 6 lugng tir 27 +1, tire 13 s& orbital, thi céc
electron ¢6 khuynh huéng phin bé sac cho 18ng cdc s8 lugng 1éf clia chiing dat gid tri cuc
dai Zm = max, nghia la s& electron & trang thdi (¢ do 14 nhiéu nhét.

Ta s& hiéu quy tic nay rd hon khi xde dinh cdu tric electron clia mét s6 nguyén tir.

Dua vao cac nguyen ly va quy tic phan bg electron ndi trén ta ¢6 thé xac dinh cau tric
electron cla cdc nguyén . Cin dé ¥ rang ciu tric electron nguyén tir thudec mot nguyén
16 ndo dé c6 thé xem nhu nhan duge tir ciu tric electron nguyén tif clia nguyén to ditng
trude né trong bang hé théng tuan hoan bing cich ting dién tich hat nhan 1én mot don vi-
dién tich cha proton, déng thdi thém mét electron dé dim bdo cho nguyén tir duge trung
hda vé dién tich.

Ta s& lam nhu vy cho tat ca cdc loai nguyeén tlr cha tdt ¢d cdc nguyén 16 bat dau la
hydro réi tudn tu chuyén qua cdc nguyén L cha cdc nguyén 6 khic.

Chu ki 1

w

Z
Trong nguyén tir hydro (Z =1), electron duy H 1
nhat phai o trén orbital ¢é nang lugng thap nhat
la 1s. Vi orbital Is ¢é hinh dang cau nén mo hinh
hay cdu tric electron cila nguyén tir hydro ¢6 thé
biéu dién nhu & hinh 2.14.

Sau H 14 He c6 Z = 2 va 2 clectron vi thé cé
thé xem nguyén tir He nhan duge bang cich them  Hinh 2.14. Cdi triic electron ciia nguyén tiv

vao H lproton va I electron H™*  — He. hydro.

* [odan
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Theo nguyén Ii Pauli, hai electron nay vi &

trén ciing mot orbital s, nghia la ching cing [Z]=]22
con=1, £=0vam= 0 nén spin cha chiing e

" . N l I .
phdi khac nhau (m, = ~ vi m, = -~). Ciu tric >

2 2 X

electron clia He dugc biéu dién & hinh 2.15.

Lép K dd bdo hoa & He vi theo cong thic
2(97) 56 electron cuc dai bing 2n* = 2.1'= 2 va Hinh 2.15, Cdit triic electron cia nguven hr
chu ki 1 da két thiic. heli.

Chu ki 2

Bat dau duge xay dung bing cich dién cdc electron vao orbital cia 16p L{n=2-> 7 =0;1).
Lop L gom c6 lorbital 2s va 3 orbital 2p.

Néu thém 1 proton va I electron thir 3 thi electron nay phéi & trén orbital 2s (vi nang
lugng cua orbital 2s thap hon ciia 2p) va duge nguyen tr Li ¢6 Z = 3.

He'* — Lic¢o ciu triic electron nhur trén hinh 2.16

+prabon

Sau khi thém | proton vi lelectron vdo nguyén tir Li ta s& dugc cdu tric electron clia
nguyén tr Be trong do vo 2s di bdo hda (hinh 2.17). Z,,, = 4.

Néu thém vao nguyén tlr Be 1 electron va 1 proton nita ta sé duge cau tric electron cua
nguyeén tu B (hinh 2.18). Vi orbital 2s da bic hda nén clectron thu S trong nguyen tr B
phii chuyén sang orbital 2p. Z,, = 5.

Mot cdch tweong 1y ta s& xdc dinh duge cau tric electron clia cic nguyén tir C (hinh
2.19) va N (hinh 2.20). Tir C, su phin b6 electron § cic orbital thudc vo 2p coOn tuan theo

quy tiac Hund. P6i vdi C: Tm, = % +% =1 (v1 2 electron & 2p c6 spin cung chiéu), Tuong

trtacéd ¥m, = L L3 gsiva truong hop trong nguyén tlt N ¢6 3 electron ty do & 2p.
o202 2 2
Bat diu tir O cdc orbital 2p duge dién thém electron thit 2 va vo 2p s€ biio hoa o
nguyén ur khi tro Ne (tuong tng véi cdc hinh 2.21, 2.22, 2.23)

Nhin vao cdu tric electron chia Ne ta thay 1dp L da xay dung xong vai s& electron cuc
daila2n®=2.22=8.

Chu ki 3

Néu ti¢p tuc them proton va electron ¢6 nghia 1a ta chuyén sang xdc dinh cu tric

clectron nguyen tir cha cdc nguyén 6 & chu ki 3: electron duge dién vao 16p M (n = 3)
gom cdc vo 3s (£=0), 3p(¢#= 1) va 3d( £ =2).

Giong nhu chu ki 2, trong chu ki 3 hai nguyén 16 ddu 12 Na va Mg ¢6 vo s (3s) duge
xay dung trudce, sau do, electron thém vao mdi chuyén sang vo p (3p). Tir Al dén At vo 3p
dan din duge dién thém electron va bio hoa & Ar.
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Z=7

N 1s?2¢" 2p’

Z=9

F 15" 2 2p°

Hinh 2.22. Cdie triic electron ciia nguvén i flo.

Z=4

Be 1s* 2s°

Z=6

C 15725 2p?

Z=8

O 1s* 257 2t
Y

Z=10

Ne 1s*2¢* 2p°

Hinh 2.23. Cdu triic electron ciia nguyén it neon.
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Thi du: z=1: Na YR T T 1]

_ —

1s 287 2p* 35" 3p 3d"
z=15: P MMENHTETL T LT

17 258 2p° 37 3p] 3d°
z=18 A NNENENEEN T T T

s ,"‘—v—’ —_— ——

ls* 2¢* 2p° 3 3p° 3d*

<> =

K L M

Ne

Trong chu ki 3, tdt ca cdc nguyén 16 déu ¢d cdc 1dp K va L giong ciu tric electron cla
Ne. Nguyén 18 cudi chu ki 3 12 Ar ciing ¢ cdu tric electron giéng cla Ne tirc 13 ¢6 8
electron & trén orbital 3s va 3 orbital 3p (3s23p®).

Khidc véi chu ki 2, & chu ki 3, 16p ngoai (M) chua duge xdy dung xong vi vo 3d vén con
tréng.

Cac nguyén t6 ma vo s trong nguyén tr cua ching dang duge dién electron vao goi la
cdc nguyén t6 s. Con cdc nguyén td ma vo p trong nguyén tlt cia ching dang dugc dién
electron vao goi 13 cdc nguyén té p (xem bang hé thong tuin hoan)

Chuki4

0 chu ki 4 16p N (n = 4) bat ddu duge xay dung ma trudc tién 13 vo 4s. Sy xuat hién
electron & vo 4s trong khi vo 3d cia 1dp M vin tréng 12 do hat nhan bi chin béi cdc vo bio
hoa dac khit va d6i ximg 3s*3p". Do bi ddy bdi cdc vé dé ma electron thif 19 cla nguyeén 1
K va electron thit 20 ciia nguyén tir Ca s& & trang thdi 4s ¢6 lgi vé mit nang lugng hon la
trang thdi 3 d (anh hudng cua s6 lugng tir ¢ dén niang luong cua electron thé hién o rét)

Z=19 : K 18%25%2p%3523p*3d"4s’
Z =20 : Ca 15%2s22p°3523p°3d"4s?

Sau khi vO 4s dd bio hoa thi electron mdi duge dién vao cdc orbital clia vo 3d, bit ddu
tlr nguyeén td Sc.

Theo cong thitc 2(96) vo 3d ¢6 thé chifa 161 da 1a 2(2.2+1)= 10 electron nén né duge
xay dung xong & nguyén (& thi 10 12 Zn ké tir Sc:

Z=21: Sc 1s°2s72p®3s™3p*3d'4s?
Z =22 Ti 152s*2p°3s?3p*3d*4s?
Z =25: Mn 1s*25%2p*35*3p*3d°4s>
Z =26: Fe 15%25%2p*35*3p*3d°4s’

Z =30 : Zn 15*2s*2p®3s?3p*3d'"4s’
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Cac nguyén 16 ma trong nguyén tir ciia ching vo d dang dugc dién electron vio goi 1
cdc nguyén 16 d (xem bang hé thdng tudn hoan).

Sau khi vé 3d duge xay dimg iong thi clectron méi duge dién vao vo 4p, bat diu 1a &
nguyén t6 Ga (Z=31) va két thiic & nguyén t6 cudi ciung cla chu ki 4 1a khi tro Kr (Z= 36).

Nhu vay 1a chu ki 4 giong cde chu ki 1 va 2 & chd 1a n6 ciing bat ddu bing 2 nguyén t6
s va ket thiic bang 6 nguyén 18 p, nhung khdc véi cic chu ki 1 va 2 12 giita cdc nguyén 6 s
va cdc nguyén t6 p, trong chu ki 4 con c6 cdc nguyén t6 d. Chu ki 4 ¢6 18 nguyén 6, dai
hon so vdi chu ki 1 va 2 (¢6 8 nguyén t8) vi ¢6 thém 10 nguyén ts d.

Chu ki 5

Su hinh thanh cdc 16p va phan 16p (vo) twong ty nhu trong chu ki 4, cu thé 1 né gém cé
2 nguyén (6 diu chu ki 1a 2 nguyén 16 s (Rb, Sr), 6 nguyén t6 p & cudi chu ki (tir In dén
Xe) va giita cde nguyén 10 s va cdc nguyén (6 p ¢d 10 nguyén 6 d (4d tir Y dén Cd). Nhu
vay, chu ki 5 ciing ¢6 18 nguyén t6.

Chukié

Chu ki 6 ciing bdt ddu 12 2 nguyén 16 s (Cs v Ba). O La, vd 5d bit ddu dugc xay dung.
Z=57 : La 15725°2p*3s%3p*3d'"4s?4p®4d'°5525p"5d' 657
Trong 14 nguyén t6 sau La (tir Ce dén Lu), do tang dién tich hiéu dung cia hat nhan
{xem hinh 2.13) nén phan 16p 4f dugc xay dung trude sau dé méi ti€p tuc xay dung phan

16p 5d tir Hf dén Hg. Chu ki 6 ciing c6 6 nguyén 6 p & cudi ciing (tir TI dén Rn). Chu ki 6
khdc voi chu ki 512 né ¢6 thém 14 nguyen t8 f. Do d6 chu ki 6 ¢6 tat ca 1a 32 nguyén t6.

Chu ki 7

Chu ki nay cling bat diu 1a 2 nguyén t§ s (Fr vA Ra) ti€p d6 12 1 nguyén t6 d (Ac) va 14
nguyén 16 f (tir Th dén Lr) 181 trér lai nguyén t6 d (Ku).

Qua vi¢c xdc dinh cau tric electron nguyén tir chia cdc nguyén 16 trong bang hé thong
tudn hoan ta thay rang:

Cau tric electron clia nguyén tir duge xdc dinh bdi dién tich cla hat nhan nguyén tir
(tirc 12 so thit tr Z cia cac nguyén t8): Sy thay d6i Z 1a cho cédc vo hoidc cdc 1dp electron
dac bigt la cac vo hoac cde 16p electron ngoai cling gidng nhau cha cdc nguyén t& duoc lap
lai tudn hodn. Vi vay ma cdc tinh chit héa hoc va 1y hoc cha cdc nguyén (6 ¢6 vo hoic 16p
electron gidng nhau s€ giéng nhau.

Thi du: Hydro va cidc kim loai kiém c6 nhiéu tinh chét giéng nhau vi vé s ngodi ciing
trong cdc nguyén tu ¢ua ching déu chira | electron:

H Li Na K..
Ist 28" 3st 44,
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Codn cdc nguyén t6 kim loai kiém th6 ¢6 cdc tinh chat gidng nhau vi vé electron ngoai
cung cha chiing ¢é 2electron:

Be Mg Ca..

28t 35t 48’
hoac He, Ne, Ar,... dugc goi 1a cic khi tro vi vé electron ngodi cung cua ching di bio hoda
nén cdu tric electron nguyén tir cla cdc nguyén t6 do rit bén vé mat héa hoc.

He Ne Ar ...
ts*  2s%2p°  3s%3p°..
Vi viy, 1a cd thé phdt biéu dinh luat tudn hoan theo quan diém hién dai nhu sau:

Tinh chdt cia cdc don chdt cing nhu tinh chdt va dang ciia cdc hop chdt cia cdc
nguyén t6 phu thugc tudn hodan vao dién tich hat nhdn nguyén tir ciia cdc nguyén 16 dé.

Dinh luéat tudn hodn con duge phan dnh qua dé thi cha su phu thuodc tinh chit cla cdc
nguyén t6 vao dién tich hat nhan nguyén tit cua ching. Tinh chat & day c6 thé 1a nhiét do
néng chay, nhiét do séi, hé s6 nén, hé s6 dan nd, ban kinh nguyén tlr, bdn kinh ion, nang
lugng ion hoéa, nang lugng phan i, nhiét sinh cdc hgp chat.. Hinh 2.24 biéu dién sy phu
thudc mét cdch tuan hoan niing lwgng ion héa I thit nhat (nang lugng téach electron dau tién
khéi nguyén tr) vao Z.

l{ev)
30 .
!
; He
25
f ? Ne
: °
0. - o
F
© Ar
. N @
®oH ©60 ° (oI Kr o
- C. c. Br
- " Be® By AS ©
10 : ’ Q\ . SRS o?’n .O-\ .
' io : ; Ca Ti ;P og
B il_}gg___p Si Ca Ti Cro]gcog1 T e Se
‘ oAl -gPCoo” Colu -Ge
5| oy Na© K& Sc vV Mn ° Ga,
i Rb

. ils 2s 2p 2p" 3s3p 3p' 4s 3d 3d° 3dM4pdp’ s 2
2 4 65 B 1012 14 16 15 20 22 24 26 28 30 32 34 36

Hinh 2.24. Sir phu thude ndng hiong ion hoa vio s6 thir tie nguyen 15,

Nhu viy, vigéc xdc dinh cdu tric electron nguyén tir cha tat cd ¢dc nguyén 16 la xay
dung bang hé thong tudn hoan, hoac néi cdch khdc, bang hé théng chinh 14 su phan loai
céc nguyén t6 héa hge theo céu triic electron nguyén tir cla ching.
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CAU HOI VA BAI TAP CHUONG 2

1. a. Viét phuong trinh Schrodinger cho nguyén tir hydro va cdc ion giong hydro. Néu ré
muc dich, nguyén tdc giai phuong trinh va gidi thich tai sao lai chon hé vi mo néi trén
cho bai todn nay? '

b. Cac két qua tim dugc: nang luong electron, ham séng va cdc s6 luong tit,
c. Phan tich cdc k&t qua:

- Nang lugng electron va quang pho biic x.a nguyén tu,

Orbaital nguyén tir (AQ) va may electron.

Su phan b mat do electron theo cic trang thdi s, p, d.

Y nghia céc s6 luong tir. Spin va cdc ham séng toan phan mot electron.
2. DBoi véi nguyén tir hydro

a. Hay ching minh s& séng v clia vach quang phd duge tinh theo heé thitc:

1 2

V= RH[——I‘—" - 1 }. R“ la hﬁng 36 R}r’dberg
I, n

[
b. Tinh hang s6 Rydberg bing 1y thuyét,
¢. Vach Hq (mau dd) ¢é bude séng A = 6563 A Tinh Ry theo 8 liéu thye nghiém do.
(Cho biet h = 6,625.10* erg.s; ¢ = 3.10"cm/s; m, = 9,1.10%*g; e = 4,8.10"dv.tdcgs)
(DS b. RH,I.T= 109195,16(:“1‘1

C. RH,TN = 109?0501‘1’14 )

3. a. Hay tinh s6 séng v va buéc séng A cua vach phd ddu tién v vach phd gidi han cia
day Lyman va didy vach Balmer.

b. Hay tinh ning luong ra erg va eV cla photon ting véi vach gidi han clia day Lyman.
Nang luong d6 con ¢6 y nghia gi?

(cho biét R, = 109678 cm™', h = 6,625.10erg.s)

(DS: a. Vach diu tién cta ddy Lyman: v = 82258,5cm’™"; A=1215A

Vach gi6i han cia diy Lyman: v = R, = 109678cm™ : A =911,7A

Vach diu tién cla ddy Balmer: v = 15233,06cm™"; A = 6560 A
Vach giéi han ciia diy Balmer: v = 27419,5cm” ; A = 3640 A
b. E =21,8.10"%erg hay E =21,8.10-% ——-1—? = 13,6 eV chinh la nang luong
1,602.10

ion héa cla hydro).
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: \ L ae wix iz P TP . N 4
Cho orbital nguyén tir y,, = Te . Hay viét biéu thde cia cic him séng toan phan
T
mot electron tng véi AO da cho.

Gidi bai todn vé hé nguyén tir nhiéu electron dugc dya trén mé hinh gan ding nio? Noj
dung cia mo hinh d6 la gi? Cic phuong phdp gin ding nio dugc sir dung dé giii bai
toan da?

Ham s6ng todn phin cua hé nhiéu electron & dang dinh thac Slater dap ung duoge
nhitng yéu cau gi?

Céu tric electron nguyén (i 1a gi? Hay phét bi€u cdc nguyén Iy vi quy tic quy dinh su
phéan bo electron trong nguyén tir.

D61 vai 16p electron ¢6 s8 luong tir n = 3 (16p M):

a. Hay liet ke & dang bang cdc gid trj ciia ba s6 lugng tir £, m, m, (ng véi 1ép electron
di cho.

b. Lép M ¢6 bao nhiéu orbital vy, . V& bi€u dién cdc orbital nay.
¢. Lop M ¢6 bao nhiéu hiam toan phéan | electron ¥ osmm, V@ 8O electron 16i da ma ldp M
6 thé c8?

a. Nang lugng electron trong nguyén i nhi€u electron phu thudce vio nhitng s6 lugng tr
gi? va nhu th€ nao?

b. Ding quy tic Klechkowski dé xdc dinh thi tw cac mic ning luong tir s dén 7s

10. DGi v6i nguyén tir oxy, hdly 4p dung cdc quy tac Slater dé: '

a. Xac dinh dién tich hiéu dung Z" d6i véi electron 1s, d6i véi electron 2s, ddi va;
electron 2p.

b. Xac dinh nang lugng cla electron s, cha electron 2s, cla electron 2p va nang lugng
electron ctia nguyén tit oxXy ¢ trang thdi co ban.

c. Vi€t cac biéu thirc todn hoc clia cdc ham ban kinh: R,,, R,,, R,, (1dy bdn kinh Bohr a,
1a don vi dai)
(DS: a. D& véi 1s: Z° = 7,70: d6i vai 2s cling nhu 2p: Z" =4,55
b.E,,=-806,5¢eV;E, =E,;,;=-704 ¢eV; E, =-2035 4eV
c. R, =Ce™™ | R,=R,, = Cre??™),

EIT4 P
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CHUONG 3

CAU TAO PHAN TU VA LIEN KET HOA HOC

Cdc nguyén tir ¢6 kha nang lién két v6i nhau tao thanh phan tir. Néu khong ¢ sy higu
biét v& ban chit twong tic gilta cac nguyén 1 thi khong thé gidi thich duge co ché cha su
hinh thanh, tharh phan, cdu tao, kha nang phan ing va cdc tinh chit cla cdc hgp chit hoa
hoc.

Thuyé&t hoa tri 1a van dé trung tdm cia héa hoc hién dai. Pugce co hoce lugng tir soi séang,
thuy€t héa tri 1a co s& cla cidu tao phan tir va lién k€t hod hoc. N6 nhim  giai quy€t cic
vin dé thudc v&€ ngudn gdc, ban chat nhimg nodi dung ma thuyét cav tao héa hoc kinh dién
di tdng két duge dua trén thuc nghiém:

- Tai sao mot s& nguyeén tl o4 thé tham gia tao thank cde hop chdt héa hoe cdn modt s6
nguyén tir khdc lai khéng ¢6 kha nang dé.

Thi du: phan tng 2H — H, ¢6 thé thie hién duge con phan ting 2lle — He, lai khong
1thé xay ra.

- Bein chdt lige tuong 1ae gilta cac nguyén or va gilta cdc phan 1 13 gi va tlr d6 giai thich
tinh bén cla lién két hoa hoc.

- Tai sao cdc nguyén ur cht ké1 hop vdi nhau theo mot s tir xdie dinfi. Su thay déi trat ty
d6 s& din dén sy thay déi ciu tao va tinh chit cla cdc chdt ma cdc nguyén tir dé tao
thanh (hién tugng déng phan).

- Giai thich vi sao cdc nguyén tir lién két véi nhau trong phan tir theo mot ¢ 56" xdce dinh.

Thi du: CH, la phan ti bén, con khong tén tai CH,, CH;..., nghia 1a ta phai xét dén hda
tri clla cdc nguyén t8, tinh biio hoa héa tri coa lién két héa hoc.

- Phai xdc dinh ¢l tao hinh hoe cha phan tl: Sy phan bg clia céc nguyén tir trong phan
tr ¢6 thé & trén dudng thing, mat phang hay trong khong gian ba chiéu.

- Giai thich anhi ;Hri'}.f?ki; Heong tde giﬁ"d Cac ngu_\'é” 1 k}';(}”g e n'(?}) tiéu kétr  voi nhau
trong mét phén tu hay gitta cidc phan 10t d&n cdir tao va tinh chdt eiia cde chdt(hiéu img
cam Zng)...
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3.1. CAC LOAI LIEN KET HOA HOC

Trong héa hoc, cdc loal lién két héa hoc hay gap nhit 1a lién két cong héa tri (con goi
1a lién ket dong cyc) va lién két ion. Lién két cong héa tri va lién két jon 1a lién két giira
cdc nguyén tir trong mot phan tir. 6 13 nhitng lién k&1 manh (lién két bén).

Tuy nhién, cdc phan tir dd bao hoa héa tri ciing c¢6 kha nang tuong tic véi nhau dé hinh
thanh nhimg lién hgp 16n hon. Loai lién két nay bao gém kiéu lién két hydro va lién két
Van der Waals (1ién két y&u).

Ngoai ra, trong kim loai, cdc nguyén tir dugc gin v6i nhau bing mot lien két dac biét
goi 1a lién két kim loai (lién k&t nay rat bén).

3.1.1. Do am dién cua ciac nguyén té héa hoc

Trong viéc hinh thanh cédc lién k&t hda hoc, electron cla nguyén tlr déng mot vai tro
quyét dinh, dac biét 1a electron & cdc vd ngodi ciing ¢6 tinh linh déng cao (electron hoéa
tri)

V1 vay, trude kht xét ting loat lién két héa hoc, ta can phai ding mot dai lugng dic
trung cho kha nang cta nguyén tir c¢6 thé cho hay nhan hoic ding chung cdc electron héa
tri trong tuong téc héa hoc. Dai luong dé chinh 1a do am dién cla cdc nguyén 6 hda hoc.
N6 duge dinh nghia qua nang luong ion hda va i luc electron clia nguyén tir.,

3.1.1.1. Nang lugng ion héa
Nang lugng ion héa I cia mot nguyén t{r 12 nang lugng cdn phai tieu thu dé tich mot
electron ra khoi nguyén tir. Néu ¢6 nhiéu electron dugc tach ra lan luot theo céc giai doan:

M' -5 M' > M7 S5M"? - ..
[ Iz I3

thi méi giai doan ddi hdi nang lugng ion hda riéng va tat nhién cang vé sau, ning luong

ton hda cang ting vi di¢n tich duong cia ion kim loai tang nhit dugc thé hi¢n & bang 3.1.
Nhu ta dd biét, ning lugng ion héa c6 thé xic dinh bing phuong phdp quang phé

nguyén tir. Nang lugng ion héa ¢6 thit nguyén cda nang lugng: eV, kJ/mol, keal/mol.

3.1.1.2., Aj lire electron ciia nguyén tir

Ai lyc electron clia mot nguyén tir chinh 12 nang luong E duoc giai phéng ra trong qua
trinh nguyén tir thu thém electron dé trg thanh ion am v ciing ¢6 thif nguyén nhu 1.

Al lyc electron ctia m6t s6 nguyén t6 duge ghi & bang 3.2.

Khi nguyén tir thu mot electron thi nang lugng duge thodt ra (E > 0) nhung néu nhéan
thém mot electron thit 2 thi nguoc lai phai tiéu thu ning lugng (E < 0) vi cdc electron dé
cung tich dién 4m ddy nhau.
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Bang 3.1. Ndng hrong ion hida cia mor s6 nguyén 1é

Ning lugng ion hda (eV)

L Nguvén tir | Cau tric electron

1, 1, 1, 1,
1 H Is' 13,393 - - -
2 He 15 24,58) 53.403 - -
3 Li [He] 1y 5.390 73,619 122,419 -
4 Be [Hel 257 9,320 18.206 153,850 217.657
5 B [He] 2572p! 8.296 25,149 37.920 259,298
6 C [Elc) 2s72p 11.256 24376 17,871 64,480
7 N [He} 2s%2p 14,530 25,593 47.426 77,430
8 O [Fle] 2s72p! 13,614 35146 34,934 77.394
9 F [He} 2572p 17.118 34,980 62.646 87.230
10 Ne [He] 2s72p" 21.539 11,070 63,500 Y7.160
11 Nu Ne) 3s! 5.13% 17.290 71.650 98,880
12 Mg [Ne] 3s* 7.643 15,301 80,120 109,290
13 Al [NeJ 3s°3p! 5,984 18,823 28,440 119,960
14 Si [Ne} 3s73p° B.149 16,340 33,460 435,130
15 p [Ne) 3s%3p! 10,484 19.720 30,156 51.334
16 s [Ne) 3s73p* 10,357 23,400 33.000 47.290
17 Cl [Ne] 3s73p 13,010 23,800 39,900 33,500
18 Ar [Ne] 3s73p" 15.735 27.620 30,900 59.790
19 K [Ar] 45} 4,339 31.810 46,000 60,900
20 Ca EHESS 6,111 11.868 51.210 67.000)
21 Sc [Ar] 4s73d" 6,560 12,800 24,750 74,500
22 Ti [Ar] 4573d° 6.830) 13,570 27470 15,400
23 v [Ar] 4s73d* 6.730 [4.650 29,310 38.350
24 Cr [Ar] 4s73d* 6,760 16.490 30,950 30,900
23 Mn [Ar] 35°3d° 7,430 15,640 33,690 53.400
26 Fe [Ar] 3573d° 7.900 16.180 30.640 33,500
27 Co [Ar] 457347 7,890 17.050 33,490 53.200
28 Ni [Ar] 4573d" 7.680 18.150 35,160 36,000
29 Cu [Ar] 3573d° 7,720 10,290 36,830 38.800
30 Zn [Ar] 4s73d"™ 9.390 17.960 39.700 61,600
3l Ga [Ar] 4574d"4p' 6.000 20,510 30,700 64,300
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Bing 3.2. Ai lite ca mdt s6 nguvén

Qué trinh +L + ¢ + ¢ + ¢ + . + .
Ho H|CH» CFj05 0| S5 § {5 §Y| 00 0°

E. kJ/mol +77 +373 +293 +209 -335 -706

Viéce do trye tiép i luc electron kho khan hon nhicu so véi nang luong ton héa. Thuong
a1 luc electron duge xdc dinh bang cdc phuong phép gian ti€p (bing so d6é nhiét héa hoc

Born — Haber).
3.1.1.3. Po am dién
- Phuong phdp Mulliken
Xet 2 nguyen 10 thude hai nguyén 16 A va B thi hicu ung nhiét ciia qud trinh nay sé la:
./-—_“\
Q =Ep-1, A B (1)
Ey 1a di lyc electron clia nguyen 1ir B, I, 1a ning Juong ion héa cha nguyén tr A,
N¢u clectron chuyén tir B sang A e,
Q,=E, - In A B (2)
E, ladilyc electron cla nguyeén tir A, I, 1a nang luong ion héa cia nguyen tu B.

Qua trinh nao ¢6 lgi nhidt vé mat nang lugng sé duge vu tien xdy ra. Gid st qud trinh (1)
xay ra, nghia Ia electron chuyén tir A sang B thi:

Q>Q,
hay: E;-I1,>E, -1, dodo: Ep+I,>E, +1,
Ki hi¢u ¥x=E+1 3(1)
Ta cé YR > Ya

Dai luong y duge goi 1a do am dién.

Vay khi hai nguyén 16 tuong tic véi nhau, electron ¢é khuynh hudng chuyén sang
nguyén 6 nio ¢6 do am dién lén hon.

Thi du dé&i vai flo: [ =415 kcalfmol
E =95 kcal/mol
X = 510 kcal/mol
boi vé1 Li y,; = 128 kcal/mol.

Nhuogc diém cia phuong phip Mulliken 12 chi xdc dinh duge 4i lyc electron clia mot s6
it nguyeén 16.



CAU TAO PHAN TU VA LIEN KET HOA HOC 75

- Phuong phdp Pauling

Trong phirong phdp nay, d¢ am dién cla Li duge quy ude lam don vi %, =1. Do am
dién tuong doi cua tat ca cac nguyen té khdc duge xdc dinh theo don vi nay. Thi du do am
dién cia F 1a 1dn nhat va bang:

510
.= —— =4 don vi quy udc,
X 128 I quy

Pé am dién cua Cs 1a bé nhat (Cs = 0,7). Con do am di¢n clia cdc nguyén 1o khdc ¢é

g14 tr] ndm gilta Y. v %, (hinh 3.1}

Chu kg
1

74 20 30 40 X

Hinh 3.1, Dé dm dién ciia ede nguven 16

3.1.2. Cac loai lién két hda hoc co ban

Po am dién dugc ding dé phin loai cac lién két hoa hoc va giai thich nhiéu tinh chat
cua chiing. C6 hai loai lién ket héa hoc co bin 1a lién k€t jon va lién két cong hoa tri.

- Lién két ion (con goi ia lién két di cuc hay dién tir héa tri)

Lién két ndy duoge tao thanh bai cac nguyén té ¢6 do am dién lﬂl_@gnhau nhiéu. Thi du
vl %y > Ane NéN 6 qué trigh chuyén electron tit Na sang Cl: Na  Cldé tao thanh hop
chit ¢6 lién két ion 1a Na'Cl. Phéan i cua cac hop chdt ¢ lién két ion s€ bl phan ly thanh
cdc ion trong dung méi phin cuc.

- Lién két cong héa tri

Li¢n két cong hda tri duge hinh thanh gilta cdc nguyén t6 ¢é do am dién nhu nhau. Céic
electron hoa tri clia cidc nguyén 18 khong bi léch vé phia cha nguyén tlr ndo ma s€ duoc
ding chung.
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Thi du cdc phan tir ¢6 lién kél cong hda tri la Ny, OQ,, Cl,.... Trong dung moi phan cuc
ching khong bi phan ly.

Hai loai lién két trén chi 1a cdc trudng hop gidi han. cac lien két thuc s€ la cdc lien kél
mang tinh trung gian gira lien ket ion va lién két déng cyc, goi 1a lién ké1 déng cuc phan
cue. Loal lien két ndy do cdc nguyén 16 ¢6 dé am dién khdc nhau khong nhiéu tao thanh.
Cdc electron ding chung khong bi léch hin vé mot nguyén 1ir ciia nguyén (& ndo nhu trong
lien ket ion. Néi cdch khic la trong lién két déng cuc phan cuc 6 sy chuyén dich vé phia
Mot nguyeén tr clia nguyén 16 ¢6 do am dién ldn hon. Sy phan cue lien két nhu vy duge ki
hiéu sau day:

Thi du ddi voi phan tir HCI duroc bidu dién: )

H—Cl, H* —CI* hoic G2

+6 vi -0 [a cdc phdn du dign tich duong va am do sy chuyén doi khong hoan toin ciia cic
electron diing chung sinh ra. { la khodng cdch giita hai trong tam dién tich dé. Miic do
phan cyc duge xdc dinh bang mot momen ludng cye dién

iL=¢f 3(2)

1 6 gid ri cang lon khi phan tr bi phan cye cang manh. Nhu vy, phan tr cd lién két ion
s& ¢6 momen ludng cyc én nhdt, phan tir ¢é lién két ddng cuc s& ¢6 mémen luong cire nhd
nhat (}1=0) va ki hiéu la @ , nghia 13 hai trong tam dién tich duong va am tring nhau
{(phan tir khong bi phian cuc).

Momen luéng cuc dién la mot dai luong vécto, ¢6 chiéu quy udc tir trong tam dién tich
duong sang trong tam dién tich am. N6 c¢6 thit nguyen 1a [dién tich][do dai]. Thi du
[coulomb]{mét] = (C.M). Cich xdc dinh ;wa tng dung cla nd dé xdc dinh cau tao chal sé
néi dén o chuong 4.

3.1.3. Nhirng dac trung co ban cua lién két héa hoc

Muén biét nhong dic trung co ban cia ) s
lién ké1 hda hoc, ta xét dudng cong biéu dién N (2)
sy phu thudc th€ nang U(R) cha phan tr hai \‘\
nguyeén tr vao khodng ciic R giifa cdc nguyén e R

tir d6 (hinh 3.2).

Trong phén tr ton tai ca wong tac hit va
tuong tic day:

Néu hai nguyén tir & cach xa vo 1an (R = R,)
thi khéng ¢ suw twong tic gilta ching., Vi
vay, nang lugng tuong tic U(R,} = 0 va dugc
bicu dién bang dudng thang di qua vi tri 0
(truc OR). Hinh 3.2, Sir phu thuoe UiR) vao R.
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Khi hai nguyén tir ti€n lai gin va & khoang cich nio dé $& xudt hi¢n yc hit va thé nang
hiit tuong 1ing giita ching. Tuong tdc hiit duge bicu dién bang dudng cong (1),

Nhung déng thai v6i viée giam R, luc diy va th€ nang ddy giita cic nguyén ur ciing
xudt hién. Tuong tic diy duge phan dnh qua dudng cong (2). Pudng cong thé nang (3) la
k&t qua cong dd thi caa (1) va (2).

O khoing cich xdc dinh (R = R,) luc hit v3 lue day can bang nhau va the nang cla hé
dac gid wi cue tiéu va am.

Umin{Ru) < 0 3(3}

Chi ¢ trang thdi nay lien két héa hoc gilta cic nguyén ti méi duoc tao thanh va phan 1
mai ton tai bén. Viy, 3(3) 1a diéu ki¢n dé 120 thanh lién két héa hoc. VEé tri so tuyét doi
[U,i(R)| bang khoang cich tir diém cuc tiéu trén dudmg cong (3) dén truc hoanh (D).
Trang thdi Ung véi vi tri cyc 1iéu trén dusng cong (3) goi 1a trang thdi co ban. O cdc trang
thdi phan wr ¢o thé nang cao hon thi phan 1 s& kém bén{rang 1hai kich thich). Cdc duing
nam ngang trén dudng cong (3) biu dién cdc mic nang luong dao dong cua phan ur 2
nguyén ur ing véi cic trang thii kich thich khidc nhau. PO 1dn coa cdc muc ning luong
dao dong do ti 1¢ vai bien do dao dong (do x¢ dich) cta cdc nguyén i quanh vi trf can
hang R, nghia 12 theo chidu tang ¢Ga R. Cde nguyén tr dao dong cang manh vi do d6 thé nang
cua cdc phan ur cang tang. Khi R ¢6 gid trj rat [6n thi c¢dc nguyén tr khoéng con tudng tic
vl nhau nifa, nghia 1a phan tr bi phan ly thanh cic nguyén tr tr do. Mire nang luong dao
dong g véi trang thai phan ly chinh la dudng gidi han tring vai truc OR,

Nang lugng cdn tiéu 16n dé cho phan 1l tir trang thdi co ban chuyén lén trang thdi phan
v goi la nang luong phan ly. Theo dinh nghia nay, trén hinh 3.2, D chinh 14 ning luong
phan 1y cua phan tr hai nguyén tir. Nang lugng phan ly mang diu duong vd thudng tinh
bang kcal/mol. Thye nghiém cho biét rang phin tir s& & trang thdi co ban ¢é nang luong
cao hon nang lugng tng v4i vi tri cyc tiéu cua dudng cong the ning (3) mot chit. Vi vay,
nang lugng phan ly thuc cua phan tr xdc dinh duge khong phéai 1a D ma 1a D,. Dao dong
cua phan tr va nang lugng phan ty s& duge khio sat k¥ hon & chuong 4.

Tir dudng cong the nang (3), ta rit ra duge hai dai lugng dic trung chung cho cdc loai
liégn k&t hda hoc vé mit dinh lugng, dé 14 do bén va dé dai cla lién két.
3.1.3.1. Do bén cua lién két

Do bén cha lién kél duge dac tnmg bing nang lugng lién két € - nang lugng cin tiéu
t6n d¢ pha v lién két lam cho phan tir bj phan ly thanh cdc nguyén tr tr do. Nang fuong
lien két ¢6 dau duong (e > 0).

‘Theo dinh nghia rang luong lién két chinh 1a nang luong phan ly (& = D)

Do bén cha lién k€t con duge dianh gid bang ning lugng tao hén két - nang lugng dugc
giai phéng khi tao thanh (sinh) lién két tlr cic nguyén .

Nhu vay 1a nang luong tao licn két ¢6 d¢ ldn bang nang lugng lién k&t nhung nguoe diu
(- < 0).



78 HOA LY CAUTAO PHAN TU VA LIEN KIT HOA HOC

Tir do ta suy ra:
- Tong nang lugng tao lién két cha tit ca cdc lien kél I(-g) trong phan tr bing nang

luong tao thanh (nhiét sinh AH) phin 1k tir cdc nguyén tir.

- Tong nang lugng lién két cla (dt ca cdc lién kél Ag treng phan tir (tthe la nang luong
phan ly toan phdn ctia phéan tin) v¢ d¢ [on bang nang lugng tao phan tir nhung nguoe dau.

Mudn tinh cdc nang luong 1rén ta ¢6 thé dia vao hiéu img nhiét cua cic phan tmg hoa
hoc {phuong phdp nhiét héa hoc).

Thi du: Tinh cic nang luong dé déi véi cdc phan te CH,, C,H, va cdc lién két C - H,
C—C cho biél cic phan ting sau day:

C(gr) + 2H, —» CH, AHY = -15,99 kcal (N

2C(gr) +3H, — CH, AHY = -16,52 keal (0
Clgr) — C(k) | AHY, = 172,7 keal (1)
H, — 2H AH}y = 103,05 kcal (I1V)

Té hop céc phdn dng (1), (111} va (IV), cu thé la:

2(1V)y +(HD (1) ta duge phan ting phan ly CII, thanh cic nguyeén tir:
CH,; —» C{k) + 4H AHY, = 394,79 kcal (V)

AllY, =394,79 keal la ning lugng phan ly toan phdn cha phan tir CH, thanh cdc nguyeén tir,
tic 14 tong nang luong phan ly cla 4 lien k6t C-H (con nang lugng tao phan tr Cl, sé
bing -AHY = -394.79 kcal):
Tt = dgey = 39479
Tuong ty, néu 16 hgp cdc phan g (1D, (I11), va (IV):
3(IV) + 2(1M) - (II) thi sé duogc:
C,H, =2C (k) + 6H Al = 671,10 kcal
Tir phan tmg nay ta cé:
28 =Er ¢+ bgr,,=671,10
Két qua ta ¢6 hé phuong trinh:
deey = 394,79
Ee.c + 680, = 671,10
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Sau khi giai he phuong trinh nay ta duge nang lugng cia cdc lién ket
Ecq = 98,70 keal/mol
Ec.c = 78,90 kcal/mol
va do do nang lugng tao lién két s€ i
- €cqy = -98,70 kcal/mol
- E¢. = -718,90 keal/mol

V¢ mat thuc nghiém 1a con ¢6 thé xac dinh nang lugng lién k&t bing phuang phdp phd
dao dong & chuong 4. Tinh todn co hoc lugng tir ddi v nang luong lién két s€ dugc trinh
bay 0 cdc muc sau cOa chuong nay.

3.1.3.2. Do dai cua lién ket

Po dai cha lien két 1a khoang cdch (do bang 1&) gilta hai hat nhan nguyén tr & trang
thdi can bang (chinh 1a R,).

Do dai cha lién két cang giam thl do bén cia lién két cang tang. Thi du:

Lién két Trong hup chat R, ( A ) ¢ (keal/mol)
C-C | Hydrocacbon no .54 78.90
C=C | Benzen 1.40 116,40
C=C Axetylen va cic ddn xuit 1.20 196.70

Ngoai cdc dic trung chung dé, riéng doi vai Hién két cong hoa tri con ¢d cdc dac trung
gnan trong khdc 1a tinh sG nguyén, tinh bdo hoa va tinh dinh hudng (cdc tinh chit nay
khong dac trung cho lién két 10n).

- Tinh sé nguyén
Tinh s& nguyén biéu hién & ché 1a sd hda tri clia mot nguyén tr la s6 nguyén.
Thi du: Héa tri clia cacbon la 4 trong phan ta CH,, N ¢6 hda tr1 3 trong NH, ...
-Tinh bdo hoa

Tinh bido hoa biu hién & ché 1a khi nguyén ur da ding hét héa tri chia minh dé tham gia
licn k&t thi nd khéng thé tham gia lién két khdc duge nira.

- Tinh dinh huong

N6i dén tinh chat nay nghia 13 néi dén géc héa tri. Gée héda tri la géc duge tao bdi cic
duong lien két (dudng ndi cdc hat nhan cla cdc nguyén 1r tham gia lién kél) trong phan or.

D6 16n cla cdc géc hda tri phy thude vao ban chdt cla cdc nguyén tl va dic tinh cua
cic lién két. Cau tao hinh hoc cla phan tir phu thudc vao cdc géc hoéa .
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Thi du: Néu goc héa trj bang 180" thi cic nguyen tir trong phén tlr s&€ ndm rén mot dudng
thang: 180"

Déi v6i phan tlf ¢6 3 nguyén tir tros lén c6 thé tén tai cdu tao hinh hoc khic nhau;

A B
0 —e
S A\ Py
N B B A
BAB = 180" B/z\\ ) B B
(BeCl. Cdl,. CO,. CS,...) AB <180 BAR = 120
(SO, H.O) (BCl,, AlBr.. NO;. CO,%..)
B oB
Ag
A B
B B
AN B
~ BAB=90" ~_B PN
Cau hinh vuong phang BAB < 1200 BAE = 109,5
[PdI,]" [Ni(CNY,]™.... {NH:, PCl,. PH,, AsCl,, $bCl,....) Céu hinh 1r dién (phé bign)

Kim curong, hydrocacbon no. 50,2....

Céc tinh chat s6 nguyén, bao hda hda tri va dinh hudng cua [ién k€t cong héa tri chi ¢6
thé duge giai thich wén quan diém cia co hoc lugng tlr ma ta s& dé cap dén.
3.1.4. Lién két ion
3.1.4.1, Thuyét Kossel

Nam 1916 nha bdc hoc Kossel (ngudsi Ditc) di néu ra ly thuyét vé lién két ion. Theo
thuy€t nay, khi hai nguyén 6 ¢6 d6 am dién khdc nhau 15 rét tudng tadc voi nhau thi
nguyén té ¢¢ do am dién 16n han (4 kim manh hon) ¢é xu huéng nhan electron dé trd
thanh ifon am; cdn nguyén 16 c¢6 do am dién nho hon (kim loai manh hon) thi nhudng
electron dé€ bi¢n thanh ion duong.

Sau khi tao lien két ion, cdc jon duong va am déu c6 cdu tric electron nhu ciia nguyeén
tir khi tro gdn chiing nhat trong bang hé théng tudn hoan cic nguyén té hoa hoc.

-/-\
Thi du: Na + F— Na'F

Na -le(3s) > Na'
————— LS

1" 28" 2p° 34 1s* 257 2p°
FoOMOMORIT] +1e SR
v 26" 2p° Is* 2¢* 2p° )

V1 %¢ > %, nén Na dé mdl electron (trén orbital 3s' va F dé nhan electron doé dé tro
thanh cdc ion Na* va F cling ¢é cdu tric electron giong nhu cdu triic electron ciia nguyén
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tr khi tro gdn chidng nhét trong bang tudn hodn 1a Ne 15%2s*2p®, Vi thé ¢d Na* 1an F 16n tai
bén, nhung tat ¢ hai ion d6 khong tro vé mat hda hoc nhir Ne vi ching déu ntang dién tich
ngugc dauw nhau (+e va -e) vit do dé hiit lan nhau theo Iuc tinh dién Coulomb tao thanh lién
két jon giita Na* va F.

2
e.e e
f= - = o7 3(4)
R 1a khoang cdch giita Na* va F (hinh 3.3)
..\L_;.

Hinh 3.3, Phdin ni fon Na*F .

Viy, ban chit cia lién két ion 1a luc tinh dién gdy nén boi trudng tinh di¢n doi xing
khong gian (d6i xing cau) khong bao hda cita ion trung tam. Vi vay, lién két ion khong cé
tinh chét bao hoa va tinh chat dinh hudng.

Dic diém cha hgp chit ¢6 lien ket ion 1 khi két tinh s& cho mang ludi tinh thé ion.

G trang thai néng chay va trong dung dich, cdc hop chat ion s&€ bi phan ly thanh cic
ion. Phin tir coa cdc hgp chat ion chi tén tai riéng biét ¢ nhiét do cao (thé khi)

Thuyét Kossel chi ding cho cdc hop chat ion dién hinh Na*Cl, Na*F ...

3.1.4.2. Nang lugng lién két ion

Phan tr ion A"B duge tao thanh tir cdc nguyén tir A, B qua cdc giai doan: ion héa
nguyeén tr A, tao ion B, tuong tac gira hai ion A* va B

A =At+e+1, (1
+ <B+e =B-E; (2)
A"+B=AB +E (3)
A+B =A'B+1,-Ez+E 4)

I, 1a nang luong ion hda cia nguyén tir A, E; 14 di luc etectron ctia nguyén tr B, E 14 hiéu
Wing ning luong do cdc ion A* v B tuong tdc véi nhan.

Phan ting t6ng cong (4) 1am xuit hién lién k€t 1on trong phan tir ion A'B’ tir cdc nguyén
tr A va B dong thoi giai phéng nang lugng i, - E, + E. Theo dinh nghia €,, =1, - E; + E
la nang luong tao thanh phan tr khi AB tlr cdc nguyén 1r A va B cing & trang thdi khi.
Vay. ning lugng lién két ion trong phan tr ABsé la €. .
Vi nang lugng tuong tic gitta A* va B’ bing thé niang kit cong v4éi thé nang day E=U,+U,
nén mudn xdc dinh E ta can phéi tim U, va U,.
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Tir bi€u thitc lién hé giffa lyc hiit va the nang hat:

dU(R) )
w == ta co:
dR
R .
U, = - [f,dR 3(5)
Thay gid tri coa f,, tir 3(4) vao 3(5) ta dugc:
R 2 2
e e’
U, = UJ:FdRz—E - 3(6)
Theo cong thic thuc nghiém cua Born:
B
Uyj= — (7
’ Rn »
va dua vao sy lien hé giita U, va f, ta c6: “To
du B W\
n %
f,= —L=- 3(8) AN
d dR Rn+| ( ~~~~~ >
trong d6 B 1a hang s6, n goi la hé¢ s6 diay Born. Uy |u,
Vi lyc ddy gidm nhanh theo su giam R nén n ¢4
gid tri i6n hon 1 nhiéu l1an. N6 phu thuée vio vl
ban chét cia cdc ion. U,
Péi voi cdc ion ¢ cdu tric electron gidng Hinh 3.4.
cdc Khi tro He, Ne, Ar, Kr, Xe thi n ¢6 cic gi4 Su phu thude thé nédng nrong tic giita
tri tuong tng 13: 5, 7,9, 10, 12. cdc {on ngiege dau vao khodng cach R,

Hinh 3.4 biéu dién su phu thuoc cha U, va U, va thé nang téng cong vao R.

O trang théi can bing, hai luc hit va day can bang nhau (iing v6i R = R,, lién két bén).
Tir 3(4) va 3(8) ta cé:

e’ nB e’RY’
s = suyra B=———
Ry Ry n

Thay gid tri cha hiing s6 B vio 3(7) sé duogc:

62

Uy = 3(9)
Ryn

Tir 3(6) v 3(9) ta ¢6 thé viét biéu thiic hiéu ing nang luong E & trang thdi can bing;

2
E=U,=U,+U,= “‘E“(I_lJ
0 n

Vay ndng lugng tao lién két ion (phan tir ion A*B') tlr cic nguyen 1ir cha céc nguyeén 10
cé héatri 1 ]a:



CAU TAO PHAN TU VA LIEN KET HOA HOC 83

e’ l
-8=—'—[1——J—EB+IA 3(10)
R n
hodc nang lugng lién k&t tuong (ng:
2
a=e—[i—l]+EB—lA 3(11)
1 n

Thi du: tinh niang lugng lién két trong phan tr khi K*Cl" cho biét R, = 2,6?;\.
E~=3.8leV;n =9 (vi ion Cl vi K ¢6 ciu triic electron gidng cia Ar). Thay cic dai lugng
trong 3(11) bang cic gid tri cia ching, ta cé:

=10,2
- (4‘3'180 ) _ (1 - 1] +381-434 =425V = 97.8 keal/mol
267.10°%.16.107 9 ‘

gdn vdi gid tri nang lugng xdc dinh bang thyc nghiém 14 101,2 kcal/mol.

Pai v&i phan tir gdm hai ion ¢ nhiéu héa tri thi:

2
U“=_ﬁ(l_lJ 3(12)
R, n
va thay vao U, trong 3(12} va 3(10) hoac 3(11) ta s& dugc nang luong tao thanh hoic ning

luong lién két trong phén tir ion Athp

Cdn phai nhan manh rdng do ban chdt séng cha electron nén xdc sudt tim thiy né trong
truong hat nhan A trong phan tir AB tuy rdt nhd nhung khdc khong. Diéu d6 ching 0 ring
electron khong chuyén hoan toln tir A sang B, nghia 12 khong tén tai lién két ion thuln tuy
(100%).

3.1.4.3. S phan cuc héa ion

Su khong t6n tai lién kél ion thudn tuy co thé giai
thich bang anh huGng tuong tac 1an nhauv cua cdc ion tich
dién trdi dau ¢ gan nhau (hinh 3.5).

Khi cic ion dé6 & gdn nhau sé& xay ra sy dich chuyén
cdc dim may electron so v&i hat nhin. Hién tuong d6 goi
12 su phan cuc hda ion. Do su phan cuc hda do ma lam
xudt hién momen ludng cuc cam dng cha timg ion Xdc
dinh theo cong thiic: _Hinh 35 )

. Phan cue hda ion.
t.= ef =ak (13)

trong d6 E 12 cudng do dién trudng cGa ion; o la hé s6 dac trung cho tinh bién dang (kha
nang phan cuc) cia vo electron trong ion va duge goi la do phin cue.

Ta c6 thé biét thit nguyén cla « bang cdch sau day:

ViE= %, r 1a ban kinh cba ion (do bang ;\) nén thi nguyén cla E s€ la:
r
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- _[M“.’.};_]. Do d6 tir 3(13) ta c6: [dién tich].[do dai] =[], (P10 tich]
[P o dai]

E L
. [Dodai]?

Vil suy ra
3

duge [a]={d6 dai]’, nghia 12 o ¢6 thit nguyén cla (hé tich vi thudne do bins A
g g g

Qua dai lugng «, ta ¢6 thé ddnh gid duge khi nang bi phan cuc héa ciia mot ion: o cing
18n thi ion bi phan cuc héa cang manh, « phu thude vao ban kinh, dién tich va cau tric cia
ion (bang 3.3). Mot cdch gdn ding ¢6 thé xem o =7,

Bang 3.3. Cdc yéu 16 dnh hudng dén ' do phan cue

- __:I_E.m. ] ) "::; o T T e T e e SR [ -
I.i' (Lom D029 | Bet (1,3 U0 I 1,33 (3,54 0 - 1.2 2T
s i 2570t ')_532[1" 25020
N’ O CLIRT | Mgt 0,00 SN TS KIN BPRY 1.%1 357 g 1.7+ KA
pIIvE 2972p° A3 KIS
K* |1 nEss || cat? .99 0,552 I S 499 Se? Lot 1145
A '%[f" Ay ;1}1" dx2d Pn -'1.\;:--I-|W.t’

NN 147 IR R ISR 1,20 Loan 226 7.5 To 201 16,10
At -Js‘-.l‘p“ ‘\'Hjﬁpﬁ _‘iﬁl_“.pf'

Oyt o/ D0 | s AR
T ' Seiept !

Vi vo electron ngoai lién két y&€u véi hat nhan nén cé hé xem su phén cuc héa cua ion
la sy bién dang cua vo cleciron ngoai.

Trong cling moét phan nhém (cdc ion ¢6 cung dién tich va cau tric electron) dé phin
cyc tang tr trén xuong dudi theo chiéu tang ca r (vi s6 16p electron trong ion 1ang lén la
cho vo electron bén ngodi ciang xa hat nhan)

Boi véi cdc ton ¢6 s6 electron nhur nhau va cau tric electron giong cua khi tro, thf du
Mg™, Na*, Ne", F', O thi d6 phan cue & tang theo chiéy giam coa dién tich cdc hat nhan,
con d6r vdi cac jon cla ciing mot nguyén t6, néu ion nio cé dién tich duong hon thi do
phén circ clla né s& nhod hon, thi du O 2 < G . tic 1 Cu*? bi phan cuc héa kém hon la

Cu” (su tang dién tich hat nhan sé& lam cho vo electron bi hut cang manh va do d6 r giam,
nghia la giam o).

Qud trinh phan cuc héa bao gém hai mit: mot ion vira bi phian cyc héa lai vira ¢é tic
dl._mg phan cyc héa ion khic (phan cuc héa 1in nhau). Vi vay, cdn ¢ vao o clia mot 1on ta
khong nhimg chi bi€t mirc do bi phan cuc cita ion dé ma con danh gtd tdc dung phan cuc
héa clia né d6i véi cac ion khic, Tdc dung phin cuc hda ctia mot ion dSi véi cic jon khdc
cing phy thuoc vio di¢n tich, bin kinh vi cdu tric electron cla né nhung theo hudng
nguoc lai so v6i trudng hop bi phan cuc héa; nghia 1a tsc dung phin cuc héa c¢iia mot ion
nao do cang manh néu dién tich clia né cang 16n (cang duong hon), bin kinh cang bé va vo
electron cia né cang bén. N6éi mot cach khdc 13 néu mot ion cang it bi phan cuc héa thi tac
dung phan cuc hoa clia né d6i v6i cdc ion khéc cang manh.

V1 cic anion ¢é kich thude 1dn, dién tich nho nén ching bj cdc cation phan cuc héa
manh nhung tdc dung phan cuc héa cla cdc anion d6i voi cdc cation khong ding ké. Vi
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vdy, cd thé xem nhu phan cuc héa mét chidu. Tuy nhién, néu mot cation nao dé dé bi bién
dang thi mémen ludng cyc clia né xuit hién trong trudmg hop nay 5& lam ting thém tdc
dung phan cyc héa d6i v6i anion va nguoc lai, dén lugt minh, anion lai ciing ¢ tdc dung
phan cuc héa bo sung déi v6i cation...(hiéu tng phan cuc héa bé sung).

3.1.4.4. Anh hudng cia sir phan cye héa dén cae tinh chit ciia cdc chat

Khadi niém phan cuc héa c6 ¥ nghia quan trong vi né bé khuyét cho thuyét Kossel va do
do6 c6 thé mo ta cdc tinh chat va dic diém cia cdc chat mot cdch chinh xdc hon:

- Su thay doi tinh chit cia lién két ion

Tuy thude su phan cuc hda lan nhau giita céc ion trong phan tir yéu hay manh ma ddm
may electron c6 thé bi chuyén dich it hoac nhiéu tir anion sang cation hay lam cho lién két
ion mang mét phan tinh chat cla lién két ion hda tri va do d6 lién két s& bén hon so véi
lién két ion thudn tdy. Vi vay, dé tinh chinh x4dc hon nang luong lién két ion ta cén phai
thém s¢ hang biéu thi sit phan cuc héa E, vao cong thiic 3(11):

2

1
£ =“’_[1-H)+E,,+EB-1A 3(14)
i

- Gidi thich tinh hoa tan ciia cdc chdt

Phan cue hod cdc ion 1am tang do bén cla lien két ion va do d6 su phan ly cla cédc hop
chét ion s& giam di (hoa tan yéu di).

Thi du: do tdc dung phan cuc hod cha ion Ag' 16n hon clia Na'va K* nén AgCl rat it tan
trong nudc, trong khi dé NaCl, KCI duge xem 12 hod tan hoan toan.

B0 phan cuc cha cde anion halogen tang theo thit we C1 , Br, " (xem bang 3.3) nén tich
tan cia cdc hgp chat AgCl, AgBr, Agl s& giam theo thit r dé:

Ty = 16100 > T, =77.00" > T, = 1,5.107

- Sw phdn cuc héa dnh hudng dén tinh bén nhiét ciia cdc chdt tinh thé

Su phéan cyc héa lan nhau gida cdc ion sé 1am cho tinh thé dé bj phad v& nghia la lam
cho nhigt do néng chay clia n6 giam xudng. Nhiét d6 néng chay cia céc tinh thé cang thap

khi mang lusi chia ching bi bién dang cang nhiéu do két qua cha su phan cye héa cang
manh.

Thi dy: Viion TI' dé bi phan cuc héa hon 1a ion Rb* nén tic dong phan cuc héa cta Tl
doi v6i F manh hon so vdi Rb' d6i véi F (hiéu tmg phan cuc héa bo sung). Diéu dé cho
phép ra giai thich sy khdc nhau vé nhiét do néng chay cia cic musi TIF (327°C) va RbF
(780°C).

Sur1ang nhiét do s€ tao didu kién cho phén cuc héa xay ra. Khi nung néng, electron cé
thé chuyén 1if anion sang cation mot cich hoan toin va do dé xdy ra su phan ly nhiét clia
cdc chal. Sy phan cuc héa cang manh thi nhiét d6 phan ly cing thdp. Vi vy, nhiét d¢ phan
ly cha cdc mudi chira cing mét cation (Me) nhung cé céc anion halogen khdc nhau sé
gidm theo thi tu tir MeCl dén Mel. Con d6i vdi cdc mudi chita cdc cation kim loai kiém
khac nhau thi nhiét dé phan ly s& gidm theo thit tu tir NaX dén LiX.
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Khi dung néng, dao déng cua cdc ion s& manh 1én lam thay d8i vi tri cha ching trong
tinh thé, mét s6 ion nay sé cé diéu kién tién lai gin moét s6 ion khdc ddn dén viec xay
duyng lai cdu tzao cha mot chit (hién tugng bién déi da hinh) ciia cic mudi TIF (327°C) va
RbF (780").

- Su phdn cuc héa ion dnh huong dén dién dung cia mét l6p dién tich kép

Tu gido trinh dién hda, ta biét ring dién
dung clia 16p dién tich kép dugc xdc dinh theo

-
cong thirc: Z

_ D
4nd

C la dién dung, D la hing s6 dién moi, d la
chiéu day cha 16p dién tich kép. Vi anion bi
phéan cuc héa manh hon cation ¢hinh 3. 6) nén d,
<d, va do dé theo cong thirc 3(15) ta thay dién
dung C,> C,.

3(15)

d.
- Gidi thich tinh chdt quang hoc Hinh 3.6, Cdc ldp dién tich kép.

Su bien dang vo electron s& dnh huong dén tinh chat quang hoc ciia cic chat. Su hap thu
song dién tr cé budc séng khic nhau ¢é lién quan véi su kich thich cdc electron bén
ngoai. Su chuyén mic electron doi hoi nang lugng cang nho khi 1iéu phan (ion, nguyén 1ir,
phan tir) cang bi phin cuc héa manh.

Néu tiéu phan bén vimg (kh6 bi bién dang) thi nang luong cdn dé gay chuyén muc
electron cang 16n. Vi vay, ti€u phan phai hap thy cdc tia tit ngoai (cho phé tir ngoai).

Néu ti€u phan dé bi phan cuc héa (vé electron khong bén viing) thi su kich thich
electron doi héi nang lugng nho hon, nghia a chi hap thy cdc tia nhin thiy va tuong Ung ta
cé ving quang phﬁ nhin thay. Céc chét hap thu inh sdng trong viing nhin thiy s& tr& thanh
cdc chit ¢ mau sic.

Vi vay, ngoai cdc chat ma mau sdc cha ching 13 miu sic sin cé cla cdc jon chia trong
ching con ¢6 cdc chat cintra ion khong ¢6 mau sac nhung do su phan cuc héa Jan nhau nén
cdc chat do tro thanh ¢6 mau sic.

Su ph&n cuc héa va tic dung phan cyc héa cla cic ion cang manh thi kha nang xuét
hién mau sic cang nhiéu,

Thi du: Vi Xy <O <@ nén mau sac cha cdc chél sau day dam ddn theo trat o
NiCl, < NiBr, <Nil,

Hoic Cal, khang ¢6 mau cdn Pbl, ¢6 mau, ...
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3.1.5. Lién két cong hoa tri
3.1.5.1. Thuyét Lewis

Khoang nim 1916-1918, nhi bic hoc Lewis (M¥) da dua ra quan diém vé lién két cong
héa tri:

Lién két cong hoa tri duoc tao thanh bang cdch cdc nguyeén tir tuong tdc gép chung mot
s8 electron sao cho tdng s electron 16p ngoai ciing clia méi nguyén tir dat dén cdu tric
electron clta vo khi tro (2 electron d&i véi nguyén tir hydro, 8 electron d6i véi cdc nguyén
tir khdc).

Thi dy: Xét phan tir Cl,. Mdi nguyén tr Cl ¢6 7 electron & 18p ngoai (35°3p°).

Trong s6 dé cé 1 electron duge dem gép chung dé tao thanh lién két. Nhu vay, 2
electron s& duge dem diing chung cho ca 2 nguyén t&r Cl v méi nguyén tir Cl bay gidy c6 8
electron O 16p ngoai (3s°3p%) giéng nhu cdu tric electron cla Ar.

qﬁ@ﬂi’ a-c

Ciing wrong tu nhu the d6i véi cdc nguyén tir khdc. Riéng d&i v6i nguyén tir hydro, s6
electron chi can dat dén 2 dé ¢6 vé gidng nhu cia He.

a0

H-N-H
|

:%?agﬁigz H
i (B cOc §1)

N
=
N

i
H-C-H
H

H

H H-C=C-H

T so d6 d6 ta thay ring mdi ciip electron dung chung ng v6i mot vach héa tri (noi
don): trong electron ¢6 2 cap electron ding chung gita hai nguyén tt C nén cé 2 vach héa
tri (nSi doi hay lién két do6i). Trong axetylen c6 3 cap electron ding chung gilta nguyén ti
C nén c6 3 vach hoa tri (n6i ba hay lién ké1 ba),

3.1.5.2. Cic loai lién két cong hoa tri

- Lién két cong hda tri thuan tizy

Loai lién két nay duoc tao thanh tir hai nguyén tir clla cing mot nguyén t8 (y nhu
nhau). Cac cip electron dung chung phan bo doi xing gilta hai nguyén tir. Phan tr ¢é lién
két cong héa tri thuan tuy khéng bi phan cuc.



88 HOA LY -CAUTAO PHAN TU VA LIEN KET HOA HOC

Thi dy:Lién két trong cdc phan tit H,, Cl,, O,, N,...1a lién k&t cong héa trj thuda iy (u=0).
- Lién két cong héa tri phdn cuc
Né€u hai nguyén 1 c6 d6 am di¢n khdc nhau khong nhiéu tao thanh phap tir thi cédc cap

electron dung chung c¢6 xu hudng chuyén dich khong hoan toan vé phia nguyén 1 ¢ do
am dign 16n hon. D6 1a trudng hop cia cdc phan tir HCI, HBr,...

Lien k&t nhu vay goi la lién két cong héa tri phan cuc (p =0),

Trong mot phan tir ¢6 nhiéu nguyén tr gébm nhiéu lién két, timg lién két c6 thé cé
momen ludng cye riéng. Momen ludng cuc clia phan tr biang t8ng vecto cdc mémen ludmg
cuc riéng ciia it ca cdc lien két. Momen ludng cuc cia phan tir ¢6 thé bang khong néu
moémen Jubng cyc cia cdc lién két phan bd d6i ximg, thi dy nhu trong phéan tir métan, étan:

H H H
H:C:H H:C:C:H
H H H

~ Lién két cho nhdn

Lién ket trong d6 cap electron diing chung do mot trong hai ti€u phan (ion, nguyeén ti,
phan tlr) cung cdp goi la lién két cho nhan.

Thi du: Trong sy hinh thanh ion NHJ tir NH, va H*:

H H *
H:l-\i: +H" > H:N:H
H H

thi N dé cho cap electron thira chua sir dung con H* nhan cap electron dé dé tao thanh lién
k€t thir 4 gilta N va H goi 13 lién két cho nhan. Cé bon lien két N-H hoan todn gidng nhau,

NH; hoan toan d&i xing cho nén lién két cho nhan trong NH? con duoc goi i3 lién két
phai tri.
- Lién két bdn cuc
Day 1a mot truomg hop cia lién két cho nhan.
CH,
Xét lien ket gitta N va O trong phan tir: ~ CH,:N:* O+
' CH,

Ban than nguyén tit O c6 6 electron bén ngoai (252p*). Khi twong tic véi :N(CH,), thi
cdp electron chura sir dung clia nguyén tir N s& cung cdp (cho) nguyen tir O. Vi vay, N trd
thanh tich dién duong, O tich dién am. Hai dién tich dé trdi dau hit nhau tao thanh mot
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lién ké1 ion. Viy, gifta N va O dong thdi tao hai lién két: mot lién két cong hoéa tri vd mot
lién két ion.

Loai lién két vira la cong héa tri vira 1a jon nhu th€ goi 12 lién k&t ban phan cuc va
thuong duge ki hiéu:

CH, CH,
CHAN2O0  hoge  CH-N-O
CH_\ CH\

Tuong 1 ta c6 thé xét lién két ban phan cuc trong cdc phan tir CO va HNO,:

C=0 hoac C =0
Q )
-
H-O—N)/\p hoac H—O—N*\\
~0 O

3.1.5.3. Srion héa va su phan ly lién két cong héa tri

Kha nang tham gia phan (ng héa hoc cha cdc phan tlr (qud trinh phd v& lién két cii va
tao thanh lién k&t mdi) khong nhirng phu thuoc vho sy phan b6 mat do electron trong cdc
lién két ma con duge xdc dinh bdi tinh d& ding thay doi sy phan bd dé (lién két dé bi phan
cuc). Mirc do thay déi d6, nhue ta da biét duge dinh gid bing do phan cue cia lién két hodc
mémen ludng cuc.

Do két qua phan cuc héa ma lién két cong hoa tri ¢é thé bi phd v& v6i st chuyén cap
electron lién k&t sang mot trong cdc nguyén tir tham gia hén két, tao thanh cic ion durong
va am (gua trinh ion hoéa):

H:Clims H + :ClI':

Do tac dung nhiét quang, bic xa hat nhan, tic dong co hoc manh, phong dién, cdc phan
ing héa hoc... ma cdc hop chat co lién két cong héa tri cé thé bi phan hily thanh cic
nguyén tu (qud trinh phan ly):

H:Cl: > H + -Cl:

Hay t6ng qudt hon thanh cdc géc tu do - cdc tiéu phan chua bdo hda héa trj ¢6 kha nang
phan {tng cao.

Thidu: :O:H, H:N:H :S:H, .

Cac goc nr do thudng hay gip va cé ¥ nghia rat quan trong trong cdc phan tng day
chuyén.
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3.1.6. Lién két kim loai

Cac electron hoa tri trong nguyén tr kim loai ¢ tinh linh déng rat 16n. Khi kim loai &
trang thdi tinh thé, cdc clectron nay dé bi tich ra khéi nguyén tir. Nguyén tir bi tich
electron s€ trd thanh ion duong nidm Jai cdc ndt mang ludi tinh thé, con cac electron sau
khi bi tach s¢ di dong (khong dinh cu) trong toan mang luéi hgp thanh khi electron. Ddm
khi electron nay bao boc cdc ion duong ciia kim loai tao nén lién két giira chiing.

Lién két héa hoc khong dinh cu nhu vay goi 1a lién két kim loai, Lién két kim loai, vé
hinh thic, gidng ca lién ket ion lan lién két cong héa tri vi ¢é tuong tic giita clectron va
ion, déng thdi ¢6 su sit dung chung céc electron. Nhimg ¢6 su khdc nhau mot cdch co ban,
thi du, lién két kim loai khong ¢6 tinh chat dinh hudng, tinh chat bio hda héa tri nhu lién
két cong hoa tri...

Do ¢é lien k€t dac biét nhu vay ma kim loai ¢6 tinh dén dién, din nhiét rat 16t. Lién két
kim loai rat bén (d¢ cing 16n, nhiét do néng chiy cao). Vi lién k&t kim loai khong ¢6 tinh
dinh hudng nén kim loai ¢6 tinh déo, c6 kha ning bi bién dang khi bi tic dong co hoc.

Tinh chat khong dinh cu cia electron con thdy trong cac hop chit hitu co khidc nhau cé
lien ket # ludn hgp (nhung mic do khong bang nhar trong kim loai).

V1 vily, cdc hop chdt d6 cé nhiéu tinh chat wong ty nhu cia kim loai: tinh dan dien,
dan nhiét cao,...

Gdn day, ngudi ta dd tim ra cdc phuong phap tao dugc céic loai cao phan tir téng hop cé
cdc tinh chat dign va tir dac biét dua trén co s thuyét lien két héa hoc khong dinh cur.
3.1.7. Lién két giira cac phan ti

Lien ket ion va lien k€t cong héa tri 1a cdc lién két gilta cdc nguyeén I & trong mot phan
tr. PO 1a cdc loai lién két manh (nang lugng lién két ¢& hang tram kcal/mol).

Giira cdc phan tir ciing t6n mét loai lién két y&u goi 1a lién keét giita cdc phan tir (nang
lugng lién két c& hang don vi dén hang chuc kcal/mol).

Lién két gitta cdc phan tir gom ¢6 lién két hydro va lién két Van der Waals.

3.1.7.1 Lién két hydro

Trong cdc phan tr ¢6 chira cdc lien k&€t O-H, N-H, F-H, tuy H. da bdo hda héa trj nhung
van ¢6 kha nang hinh thanh lién k€t véi mot s6 nguyén 1ir ¢6 do am dién manh (O, N, F)
ciia cdc phan t khic goi 1a lién két hydro. Lién két hydro dugc biéu dién bang ba dan
cham (...).

Lién k€t hydro c6 thé din dén su lién hop cac phan tir:
H H
>0... H >0 H-F--- H-F--- H_F--.
H O.--H

H
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Para - nitrophenol
" =114"C

Trong moét s6 truong hop, lién két hydro dan dén sy khép kin vong:

/70. .. H —0\

H-C /C—H axit formic
“O-H...07

Lién ket hydro ciing ¢6 thé hinh thanh trong pham vi clia mot phan L.,

//O
Ny

©/ 0 ortho - nitrophenol
Ny /H 1% = 45"C

o
Su hinh thanh lién két hydro ¢d thé giai thich nhu sau:

Gia str ¢6 hai phan tr R/A-H, B-R,, trong d6 A va B la cdc nguyén tlr ¢é do6 am dién
ldn. Hai phan tir d6 trong tdc véi nhau tao thanh Lién két hydro gitta H va B:

R,A-H --- B-R,

Trong lién k&€t A-H, vi 3. > ¥y nén dim may electron cha cap electron hda tri s&
chuyén dich sang A do d6 gidi phéng mot phan orbital 1s chia nguyen tit hydro-lien két bi
phan cuc A°-H'®. Orbital Is la cla H bay gid ¢6 thé 1i€p nhan mot phin dim may
electron cla nguyén tir B dé trung hoa dién tich duong +o c¢ha H vi do dé tao thanh lién
ket hydro gitta H va B.

Viy lién két hydro ¢d ban chat tvong tdc tinh dién mang mot phan tinh chat coa lién
két cho nhian (khong cho nhan hoan toan electron ma chi dich chuyén moét phin dién tich
ddm may cua electron).

Sir tao thanh lién két hydro anh hudng nhiéu dén tinh chat ctia cic chat.

Thi dy: N&u cdc phan i cia chit 1ong mé lién hop v6i nhau bang lién két hydro thi 4p
sudt hoi bio hoa cta nd bi giam manh, con d6 nhét, hing s& dién mai clia né ciing tang
lén va do bén lién két A-11 va B-R, ciing bi thay ddi ...

Lién k&t hydro thudng gap trong cdc chit long, trong tinh thé, trong cdc hop chit cao
phan tur.
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3.1.7.2. Lién két Van der Waals

Lien k&t ion, lien két cong hoéa tri chi duge ding dé giai thich cau tao bén trong mot
phan tir. Lue tuong tdc gilta cdc nguyén tir trong cdc lién k&t d6 1a lyc hoa tri mang tinh
chal bao hoa va c6 hiéu iing ning lugng 16n (lién k&t bén),

Nhi€u truong hop lyc héa tri khong giai thich dugc tai sao ¢d su tuong tdc giifa cdc
phan tl hoan toan trung hoda vé dién nhw N,, CH,... tham chi ca gilta cdc nguyén tur khi tro.
Céc qud trinh din nd, ngung w, hdp phy, hoa tan, hinh thinh cic tinh thé phan ur,... Xay ra
dugc 1a nhé ¢6 luc tuong tic gilra cde phan tlr va duge goi 13 luc Van der Waals.

Da1 v6i cde chét khi, chdt 1ong, luc Van der Waals biéu hién qua ap Suat néi —- trong

\.’
phuong trinh Van der Waals ma ta da biét:

2
[p+ d—z}(v—b): RT 3(16)

v

Luc Van der Waals ¢6 ba ngudn géc sau day;

- Luc dinh hudng C_ D

r
Luc dinh hudng sinh-ra gilta cidc phan ur ¢ mémen ludng @ .
cue vinh ctru p. Lye nay 1am cho céc phan tr dinh huéng tuong vTr
hé v&i nhau: @ )
Nang lugng tweng téc dinh huéng duge xdc dinh theo cong thire:

2;.1'1

3r°kT

T la nhiet d6 tuyét déi, r 12 khoang cdc giita céc phan 1ir, k 1a hiang s6 Boltzmann.

Up =—

17

Tir biéu thirc 3(17) ta thdy twong tac dinh hudng tang 1&n khi phan tir ¢6 w 1én (phan cue
manh) va giam di khi nhiét d6 T cing cao va r cang 1dn.

- Luc cdm ing
Gia str phan tlr A phan cue @2 ¢6 momen ludng cuc khong doi 1a p; phan tir B khong
phan cuc (B, ¢é do phan cuc 1a a. Khi chiing gan nhau, do tic dong cam tng cla phan tir

A ma phan tir B bi phan cuc vdi sy xuat hién mémen ludng cue cam tng (phan cuyc hda
cam ing).

Ning lugng wong téc cam ing duge xdc dinh theo cong thie:

U, = - 241 3(18)

T

- Luc khuéch tdn

Luc nay xudt hi¢n trong trudng hop hai phin tr déu khong phan cuc (p = 0}). Do céc
electron ¢é thé chuyén dong léch khoi vi tri can bing 1am cho su phan bd dién tich trong



CAU TAO PHAN TU VA LIEN KET HOA HOC 93

cdc phan tir mat tinh chat déi xing va do d6 12 xuat hién cdc trong tam dién tich duong va
am, nghia la lam xvat hién cdc momen ludng cuc tic thdi. Gilta ching ¢é tuong tdc véi
nhau v&i ning lugng:

3la”

U = 4r*

3(19)
[ 12 the ion hda ciia nguyén tir hay phan ti.

Qua su phan tich trén ta thdy ca ba luc dinh hudng, cam dng va khuéch tidn déu c6 ching
mot ban chit 12 tuong tac tinh di¢n hgp thanh luc Van der Waals véi nang lugng hit:

4 2 2
U,=Uyp+U .+ U, = - 2 Sy Ola

kT ff 4c®

+

3
Dat n=—2L +2ap’ + ol
3kT
. n
ta cd: Up=-— 3(20)
r
i . N UJ\
O khodng cdch nhé, gilta cdc phan tr con cé luc ‘1.
day cua cdc vo electron va cdch hat nhan véi thé nang 4
day xdc dinh theo cong thitc: WUy
\\ I
m hl »
U, = ) 3(21) ol u,
Vay nang luong tuong tic toan phan giffa cdc phan
tr s la: v,
n_ m
U=U,+Uj=-—+—5 3(22) Hinh 3.7. Si ph thude U véo r.

r r

Su phu thudc cua Uy, U, va U vao r (hinh 3.7) ciing twong e nhu trong trudng hop
tuong tic gita cdc ion trong mot phan tir (hinh 3.4), nhimg vé mit dinh luong sé khac
nhau, cu thé 1a: vi tuong tac giita cdc phan tir 13 tuong téc yéu nén nang lugng cla né

~1kcal/mol va khoang cdch céan bing giira ching r, » 3 +5:\. Trong khi d6, nang luong

cha lién két hydro vao khodng 4-8 kcal/mol, r, ~2 A, cdn déi véi lién két héa tri (lien két
ion va lién két cong hda tri) thi ning lugng lién két khoang hang tram kcal/mol va do dai
lién két ngin hon (~1 A ).

3.2. PAI CUGNG VE SUKHAO SAT LIEN KET CONG HOA TRI TREN CO SO CG HOC
LUGNG TU

Lién két cong héa tri phitc tap hon nhiéu so vdi tién két ion. Ban chat cilia lién két cong
héa tri va nhitng dic diém cia nd nhy tinh s6 nguyén, tinh bio hda va tinh dinh hugng chi
¢6 thé duge gidi thich biang co hoc luong tir.
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Héa hoc dugc xay dung trén ¢ sd co hoc luong tr goi 1a héa hoc lugng 1. Viéc nghién
cifu hoa hoc lugng tr mot cdch nghiém ngat chi méi duge thuc hien ddi véi nhitng phan ur
don gian (H3, H,), cdn d6i v6i cac phan ti phiic tap thuéng chi thu duge cdc két qua gan
diing, nang vé mat dinh tinh.

Hai phuong phdp héa hoc lugng tir duge ding dé khao sat lién k&t cong héa tri 1a
phuong phdp lién két hoa tri, vi€t tat [a phuong phdp VB (Valence Bond) va phuong phép
orbital phan tir, viét tat 14 phuong phap MO (Molecular Orbital).

Muc dich cuéi ciing cla ca hai phuong phdp VB vd MO ta xdc dinh cac giad tri nang
lugng va cdc him séng tuong tng cha phan tir (ir cdc ham séng mot electron nguyén tu
bang cach giai phuong trinh Schrédinger cho hé phan tir. C4c két qua tim duoc cho phép
lam sdng to nhi¢u van dé phiic tap, cap thiét vé: ban chat cda lién két cong hoa tri, cdu tao,
cdc tinh chat vat 1y, héa 1y, khi nang phan tng,... cia phan tr. Vi vay, hai phuong phip
nay la co s¢ cho su hinh thanh va phat trién hai thuyét co ban, hién dai vé lién két cong
héa tr1 tuong tng: thuyél lién két hoa tri va thuyét orbital phan tu.

3.2.1. Nhirng han ché eda cdc thuyét kinh dién vé lién két héa hoc va cdu tao phan tir

Nhu da biét, ra doi va phdt trién tir nam 1916 dén 1926, nghia 12 sau khi ¢c6 mo hinh
nguyén tr Bohr va trude khi ¢6 co hoc lugng tr (CHLT), cdc thuyét kinh dién phi co hoc
luong tir nhu Lewis, Kossel,...dd dua ra sy phan loai cdc lién két héa hoc ma hién nay van
con duge sir dung dé xay dung mo hinh gan diing khao sdt cdc chat va cho phép xdc dinh
cong thifc cau tao cha nhiéu hop chét don gian va tir d6 ngudi ta ¢6 thé giai thich dinh tinh
mot s6 tinh chéat cha phan .

Thi dy: Trong mot phan i, khi hinh thanh lién két, cdc nguyén 1l cia céc nguyén (6
nay ¢6 khuynh hudng lién két véi cdc nguyén 1 clia cdc nguyén t6 kia sao cho ciu tric
electron cia chiing dat t6i cdu tnic bén vitng cla khi tro vdi 8 electron ngoai cilng - quy
tic bat tir (octet). D6 14 cdc trudng hop Na*F, Cl,, ...

Dé dat dugce cau triic néi trén, ¢6 thé ¢6 hai cich:
- Electron chuyén tir nguyén tlr nay sang nguyén ur khac.
- GSp chung electron giita cdc nguyén 1t tham gia lién két.

Nhu vay, hai cdch dé s& din dén sy tao thanh hai loai lién két co ban luong ung: lién
ket ion va lién két cong hoa tri.

Tuy nhién, vi thi€u mét co s 1y thuyét vitng chac vé hé cdc hat vi mo nén cic thuyél
kinh di€n khong phan dnh duge ciu triic thue 1€ cla phan tr vi1 ton tai nhiéu han ché:

- Trong nhiéu trudng hop, quy tac bdt tir khéng duoe nghiém diing.
Thi du:

NO ‘N

O N ¢6 7 electron
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BN B= N: B cé 6 electron
F
F*». ~F 3
PF; P P ¢4 10 electron
F F
F
SF, F. . F S ¢6 12 electron
F~ ™F
F

- D61 v61 phan tir (chi y&u 1a lién két cong héa tri), khdi niém lién két kinh dién luon
gan lién v4i sif ndi két hay su tuong tdc riéng biét chi giita hai nguyén tir xdc dinh trong
phan tir -lién két dinh cu. V6i quan niém nay, héa hoc kinh dién gap nhiéu khé khan trong
viéc viél cong thiic cau tao phan tir ¢ha nhiéu hgp chit kidc nhau, dic biét 13 d&i véi cdc
hop chat c6 lién k&t n luan hgp (khong dinh cu): benzen, naphtalen, olefin,...

- D61 véi phan tir diboran B,H, duge tao thanh do dime héa:
BH; + BH, —» B,;H,

thi thuyét Kinh dién ciing khong giai thich dugc vi nguyén tie B 1522522p' chi ¢6 3 electron
hoa tri da dung hét khi tao BH,, nghia 1a B,H, 13 hop chidt “thigu electron”. Piac biét jon
cOa cdc kim loai chuyén tiép: Fe™, Fe™, Cu’, Cu®*, ...thudng khong dat duoc cdu trdc 8
clectron ¢ IGp ngoai cong.

- Nguoc lai, trong phan tir XeF, (:F.:Xe: .F:), mi lien két Xe-F lai dugc tao thanh boi
ba electron - hgp chédt “thira electron™.

- Dai véi lien k€t ion, thuyét kinh dién chi méi giai thich duge ngudn géc cla luc hit:
Do tuong tic dién gitfa cdc ion cé dién tich trdi dau. Trong khi d6 sut én tai nhirg khodng
cich khong doi giita cdc ion d6 chitng 16 ¢6 sy can bing gilta luc hit v lue ddy. Ngudn
gbc clia luc ddy chi ¢6 thé duoc gidi thich trén co s& mé hinh cia CHLT vé nguyén tir
bang sy tuong tac giifa cdc 16p dién tr bio hoa.

- V& lien két kim loai, thuy€t kinh dién ciing gap khé khan trong viec giai thich nhiéu
tinh chat cna kim loai. Vi vay, Iy thuyét vé lién két kim loai cling phdi duge xay dung trén
co s¢ CHLT (1y thuyét viing nang lugng).

- Thuyét kinh dién giai thich twong tdc giita céc phan tir bing luc hit giira cdc phan tir cé
cuc, nhung lai bat luc trong viéc gidi thich tuong tic gilta cdc phan tir khong phan cuc, dac
biet 1a giita cac nguyeén tr khi tro. Mudn giai thich dugc twong tic niy, ngudi ta phai xét
dén higéu dng khuéch tdn, bit ngudn tir 1y thuyét CHLT.

- Thuyét kinh dién phan biét bon loai lién két: ion, cong hoa tri, kim loai va giita céc
phan tlr, nhung thyc ra do chi la nhitng mé hinh gidi han cla cdc tuong tic héa hoc trong
phan tir va trong tinh thé. Trén thyc t€, lién k€t héa hoc trong hdu hét cidc chat déu 12 su 16
hop, hoic 1a cdc dang trung gian c¢ia cdc mo hinh giéi han.
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- Theo thuyét kinh dién thi lién két cong héa tri duge tao thanh bang nhing cip electron
ding chung, nhung lai khong giai thich duoc cic van dé co ban chia lien két nhu: ban chat
cla luc lien k€t cong héa tri, tinh s& nguyén, tinh bdo hoa héa tri, tinh dinh huéng cia héa
tri va héa tri cha nhiéu nguyén t6 héa hoc va do dé ciing khong giai thich duge cdc tinh
chat cao ban clia phan i,

- Thuyét kinh dién ciing bt lyc trong viéc 1¥ giai tai sao trén thuc t&€ ¢6 nhitng phan ti

ma lien két dugc tao thanh bang mot hodc mot s6 (€ electron, thi du nhu H; , Hej ...

3. 2. 2. Khao sat lién két hoa hoc va ciu tao phan tir trén co so CHLT

Nhimg han ché cta thuyét kinh dién (phi CHLT) néi trén 13 nhimg minh chitng bd sung,
lam sdng 16 diéu khing dinh & chuong [ vé su bt lyc clia ca hoc kinh dién (CHKD) va sir
tat y€u phai ra d6i mot co hoc méi - CHLT lam co s& cho viéc xay dung Iy thuy¢t vé cic
h¢ hat vi mo6 néi chung, trong dé ¢6 cic hé phan tir a doi tugng khao sdt clia chuong3 nay.

Vé nguyén tic, viéc giai phuong trinh Schrodinger:

Hy = Ey 3(23)

phuong trinh co ban ca CHLT cho hé phan 1l cho phép xdc dinh nhimg ham séng v mo ta
cdc trang théi cia phan I va cdc gid tri nang lugng tuong ng va tir d6 ¢6 thé thu duge cdc
thong tin can bi€t vé phan tir. Tuy nhién, vi phan tlr 1a h¢ phirc tap gém nhiéu hat nhin
nguyén (U va nhiéu electron nén viéc gidi chinh xdc phuong trinh Schrédinger 1a khong thé
thue hién dugc ma chi c6 thé giai bing cdc phuong phdp gin ding trén co s& nhitng mo
hinh da duge don gian héa:

- Gdn ditng Born- Oppenheimer (1927): D&i véi phan 10, vi khoi luong hat nhan 1én hon
rdt nhi¢u so v4i khdi luong clia electron nén cé thé khao sit chuyén dong cia hat nhan vi
electron mot cach doc lap, riéng €. V6i gan ding nay ta c6 thé xét rieng chuyén déng cla
cdc electron trong trudng tuc cla cdc hat nhan ding im va cich nhau mot khoang cdch cian
bang xdc dinh R. Khi dé, ning luong E cla todn wr H tuong tng khong chi phu thuoc vao
toa d¢ cua cic electron ma con phu thudc vao vi tri clia cdc hat nhan.

- Cdc phép tinh gdn ditng todn hoc: Miac du v6i cdc mo hinh vé phan tir (cing nhu vé
nguyen tir) dd duge don gidn héa, sy xde dinh ham séng electron ciing nhu cde mic nang
luong twong ng van con gap nhitng khé khan vé mat todn hoc. Trong nhimg trudng hop
nay ngudi ta phai sir dung cdc phép tinh todn hoc: phép tinh nhiéu loan va phép tinh bién
phan wwong ¥ng & cdc muc 3.3 va 3.4 dac biét 1a phép tinh bién phan tuyén tinh cin ap
dung trong phuong phdp MO, xdc dinh cdc orbital phan tir.

- Phép nhiéu loan:
Gia thi€t phuong trinh:

-

H™wr =By, 3(24)
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. P . O n e 0 an La
giai augc chinh xac. Cdc nghiém s, va cdc tri rieng E! dd biét.

Tir mot bai todn cu thé, todn tir Hamilton ¢6 dang H=1"+H, trong dé H<<H", H’
duge goi 1 todn tir nhiéu loan (thudmg 12 s6 hang phu cGa thé nang tuong tac). Vi cé thém
y&u t6 H'nén phuong trinh Schrédinger

Hy, = Eay, hay (H"+ ')y, = E,y, 3(25)
khéng giai duge chinh xdc.

Ta x¢t cdch xdc dinh s, E, bang phép tinh nhiéu loan véi gia thi€t a cdc tri riéng E, 13

cdc gid tri gian doan khong suy bién, cic todn wr H", H'déu 1a todn tit tuy&n tinh tu lién
hgp.

Vi H'<<H"nén cé thé vist:

Wa= Wo 4+ Wy, +y 4+ 3(26)
E,= E}+E,+E, +... 3(27)
trong dé: E,.v, la nhimg hiéu chinh nho cap 1;

E,.v, 12 nhitng hiéu chinh nhé c&p 2.
Né&u chi xét phép tinh gin ding cip | thi:
Wo= o + v, E,= Bl + E, 3(28)
Thay 3(27) vio 3(24) ta cé:
(H"+ 1) (wy +y,) = (B) + E WS +y,) 3(29)
Giai phuong trinh Schrédinger cho hé phan tir H, bing phuong phip nhiéu loan trong
gan diing cdp 1 sé duge trinh bay & muc 3.3.
- Phép bién phdn
Bem nhan trdi 2 v& cha phuong trinh Schr@dinger 3(23) 11, = I, W, v6i ham song ¥ mo
ta trang thdi cia hé¢ phan tlr roi 1dy tich phan trong toan bo khéi khong gian 1a sé suy ra duoc:
Eo l\pl:lwdv
2
_[lp dv
Nhu da bi€t, trang thdi co ban cia he¢ 12 trang thdi ¢6 nang lucyhg thdp nhat. Vi vay, ham

song W mo ta trang thdi co ban céa hé 1a hAm séng ma khi thay viio phuong trinh 3(30) thi
ning lugng E s& 6 gid tri cuc tiéu.

3(30)
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Né&u ham séng cdn xdc dinh 12 16 hop tuyén tinh cdc ham y,, y,, ..., y, di bi&t (thi du
cac AQ) nghia la:

y = Coyp+ G+ +Coy, 33D

trong dé cdc h¢ s6 to hop C,, Gy, ... C, 1a cdc thong s& bién phan.
Thay y ¢ 3(31) vao 3(30) ta duge ning lugng [a ham cia cdc thong s6 nay:
E=E(C, C... C) 3(32)
va diéu kién d€ nang lugng cla hé dat gia tri cuc tidu:

OE o OE _g OB _
aC, ac, aC,

). 0 3(33
Giai h¢ phuong trinh nay ta s¢ duge cdc gid tri C, C,, ...C, v tit d6 x4c dinh dugc y va
E cua h¢ nhu s& duge xét dé€n & muc 3.4 cGia chuong 3.

3.3, PHUGNG PHAP LIEN KET HOA TRI
3.3.1. Giai phuong trinh Schrédinger cho phan {1t hydro
3.3.1.1. Phuong trinh

Nam 1927, Heitler va London da dp dung phuong phdp cd hoc luong tir gin ding-
phuong phap nhicu loan- vao truong hop lién két cong héa tri trong phan tr H,.

Vi phan t{r H, 1a mot hé don gidn nhung lai ¢6 lién két cong hda tri dién hinh nén sau
khi khao sdt phan tir H, ta ¢6 thé hiéu dugc lién két cong héa tri trong cdc loai phén tir
khic.

Phan ur H, 1a hé gém hai proton a va
b cdch nhau mét khoang R, hai electron
Il va 2 cich nhau mdt khoing la r,.
Khoang cich gitra cdc hat nhan va cdc )
clectron tuong (mg 1a: ), Ty, Fioe Ioe
bién tich ctia méi proton 1a +e, clia mébi
electron 1a -e (hinh 3.8). Kh6i lugng cia Hinh 3.8. Thé nang neong tic trong phéin nt H,
proton 1én hon nhiéu so v6i khoi lugng (cde electron | va 2 chira d6t chd).
cua electron nén ta chi xét dén chuyén
dong cta cdc electron (gin ding Born-
Oppenheimer).

Ham séng mé ta chuyén dong cia ca hai electron dé & trang thdi dimg phéi théa min
phudng trinh Schrédinger cho hé nhi€u hat (cu thé ¢ day 13 hé ¢é hai hat - hai electron):

Ny =Ey 3(34)
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59
~ 2
H=-—]1—(v,2+v%)+u
gn-m,
2 2 2
vi= ‘“'Q)Jr‘?—2+—2 \ 3(35)
oxy  oyj |
A2 42 a2
vi=
a2 n2 a2
Ka  O¥y 023 S

U 1a th€ nang cia hé gom cic tuong tac tinh dién sau day:

e’ . .
- u,, = - la th& nang it gita electron I vi proton a
rla
U” = - 2 - - - . ~
Uy, = T 12 th€ nang hit gida electron 2 va proton b
2h
2
( — & o .
u,, = . 1a thé ndng hat gitra electron 2 va proton a,
24

R o e .
u,, = —— la thé ning hit gitta electron i va proton b,
Tin
U= < :
u, = o la thé nang day gitta electron 1 va 2,
12

02

L e = 12 the nang ddy giita hai hat nhan a va b,

Viy:

e 126 Ty T2 T2 R

U=U"+U'=-62(L+i+ 1 + 1 1 l] 3(36)

trong dé: U” Ia the nang hit giita electron va hat nhéin trong hai nguyén i hydro;
U’ 1a thé nang tuong tdc gitra hai nguyén tr hydro véi nhau.

Sau khi thay cdc biéu thirc 3(35) va 3(36) vio phuong trinh 3(34) ta duge phuong trinh
Schrédinger cho phan 1t hydro:

1S S, S LR L
Tarim |\ 2l ol Al Tl e T
mm,OXp dyy fZy Xy Yy«

—et —l—+-l—-+--1-+--}-- At w=Ey  3(37)
Ga  Ion Iih M2 O R
Vin dé dat ra la giai phuong trinh nay dé tim him séng y (ham riéng) va nang luong E

Fas
(tri rieng) cua toan tr H déi vai phan tir H,. Tie d6, rat ra cdc hé qua lam co s cho viéce
giai thich cdc dac diém cla lién két cong héa tri va ciu tao phin ur cla cic chat.
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3.3.1.2. Giai phuong trinh

- Gén ding cdp khong

Khi hai nguyén ta H & cich xa nhau vo tan (R = ), electron 1 chuyén dong trong
truong hat nhan a, electron 2 chuyén dong trong trudng hat nhan b, nghia la hai nguyén ur
H khéng tueong tic vdi nhau (khong lién két).

Vay trong gan diing cdp 0, ta chi tinh dén U, va bd qua U'. Bai todn cho hé hai nguyén
tr H chuyén dong doe 1ap ta ¢6 thé giai chinh xdc vi bai todn cho ting nguyén tir ta da giai
trong chuong 2. Do d6, k€t qua cua bai todn cho hé hai nguyén tir H chuyén dong déc lap
trong gan ding cidp O sé la:

Thé nang cla hé:
U =u,, + u,,= -¢* (L + —LJ .
Na By
Nang luong toan phin cia hé & trang thii co ban (n=1):
2 4
B = E, 4By = T
h
Ham séng mat electron mo 1 chuyén dong & trang thdi co ban cla electron | trong
triuong hat nhan a la y,(1) va clia electron trong trudng hat nhan b 1a Y, (2) (chinh 14 cdc
ham y,, da ghi trong bang 2.1).

Ham s6ng mo ta trang thai h¢ hai nguyén tir H doc lap phai théa man diéu kién 1a binh
phuong modun cia né 1a mar do xdc sudt tim thiy déng thot ca hai electron trong 2 trudng
hat nhan. D6 1a sy c6 doc 1ap xdy ra déng thdi. Vi vay, néu goi ¥, 1a ham s6ng cua hé thi:

b (12 =y O g2

do vay W (1L.2) =y, (D).y, (2) 3(38)

Biy gi& x€t dén trang thdi 2 electron
doi ché cho nhau. Gia sir 2 nguyeén tr H )
tién lai gan nhau tao thanh phan tir H, va
hai electron 1 va 2 déi ¢hé cho nhau (trao
ddi). Sau do, hai nguyén tir lai cich xa .
nhau (R=w): electron | $& chuyén dong

trong truong hat nhin b con electron 2 sé Hinh 3.9. The¢'ndng niong tdc trong phén ne H,
chuyén dong trong truong hat nhan a (cic electron | va 2 dai chd).
(hinh 3.9).

Xdc suat tim thidy dong thoi ca hai electron sau khi ddi chd sé& 1a:

w2 = v, @) v, (D
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W (2D = w (2)w, (1) 3(39)

Theo nguyén 1y chéng chat trang thai: néu hé ¢6 thé & cie trang thai gy, va y,, thi nod
ciing cd thé & trang thai duge mo ti bai ham song 1a 16 hop tuyén tinh cla y, vi y,;

W=y (1.2 = Cun(1.2) + Coyy(2,1) = Cy (1), wi(2) + Gy (2). wi(D) 3(40)

Y =y (1,2) 1a ham song mé 1a chuyén dong ddng thoi cha hai electron, C,. G, la cic he
s6 dudc chon sao cho khi thay vio phuong trinh Schrédinger ta sé duge ning lugng toin
phin E cla hé 6 gid tri cuc ti€u va am tirc 1a diéu kién dé tao thanh lién két héa hoc. Tir
di¢u kién d6 s& xdc dinh duoc:

C =zC,.
Thay C, = C, = N, vio 3(40) s& duge ham song:
Fo=Nou + ) = Ny (D) wi(2) + w,(2) yi (1] 341
Thay C, = -C, = N, vao 3(40) s& ¢é ham song:
Wa = Ny - w) = Ny () wid2) - w,(2) wi(1)] 3(42)

\, 01 1a ham sdng toa do khong gian doi xing vi né khong déi dau khi hai electron déi
chd cho nhau, tic 1a:

w(1.2)y =y (2,1}
hay:  Nwa (1) w23+ w(2) yil D] = NJIw,(2) yolb)+ y,(1) w,(2)]

(has ham séng nay trude va sau khi doi chd hai electron gém téng cac s6 hang gidng nhau,
chi khdc nhau vé thit ty, vi theo djnh luat giao hodn cla phép cong, hai ham dé phai bang
nhau).

Y, goi la ham toa d6 khong gian phan déi xtng vi ham s& d6i dau khi hai electron doj
ché cho nhau:

y(1.2) =y, (2,1)

Tém lai bai todn cho phan tr H, trong gdn ding cap 0 ¢6 dang:

H "y =E"y
~ h2
H'=-—— (V] +V3)+U"
8n°m, i
o Wo=Ny+ ) = Ny, (1) wi(2) + w(2) w1
WL

I‘lja :Nn(wl = lljil) = Nn[qja(z} wh(l) - u"a(l) LI;I\(Z)]

Nhan tedi hai vé clia phuong trinh Schrédinger trong gén ding cap 0 vai y roi 1dy tich
phan:
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jl]} ﬁ “ydv =E° jwzdv

. _fw H" ydv

Suy ra; E" = 343
y jlpzdv

- Gdn ding cdp 1

Trong gan ding cdp 1, ham séng mo ta trang thai cha hé van la ham song thu duge
trong gan ding cap 0 1a 3(41) va 3(42), nhung trong gdn ding ciap 1 ¢6 tinh dén tuong tic
gifra hai nguyén tir H (U'). Twong tdc nay duge xem 14 phidu loan doi vdi bai toan cap 0.

Viéc tinh thém U' lam cho todn tir H® bi thay d6i (bi nhiéu loan) v do d6 nang luong
toan phdn ciing bj thay déi:
o~ M
H"—> H
E' - E

va phuong trinh Schridinger gan ding cdp 1:

Hy = Ewy

A 2

H =|- t; (Vlz+V§)+U“+U'
1 m,

Fat a8 A,

H=H"+H

U’ = {1” chinh 1a todn t& nhifu loan di véi 11°.

Ciing nhan trdi hai v& phuong trinh Schrodinger cho phan tir H, trong gan ding cép 1
véi g roi 1dy tich phan va so sénh v6i 3(43) ta cé:

Ee jl]J li\lq;dv _ J\y(H”+ If-i')wdv _ j\u H"%rdv . _[‘P ﬁ'tpdv
- Iwzdv - J'lpzdv - J'Lpzdv _[\pzdv

CEa _[Lp H ydv
jwzdv

Su tinh todn s& hang thd 2 trong biéu thiic E cho bi€t E ¢6 2 gid tri ing v&i 2 ham séng .,

va i,
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. ‘ K+A
Ung v&i w, co: E.=E"+ * :
1+8
Ung véi y, c6: E.=E"+ K_[;\
1-S
Cic s6 hang: E, -E'= K”;‘ 3(44)
1+S
E,-E K";‘ 3(45)
1-5S
gol cac nang lugng tuong tac giira hai nguyén tir H, trong dé tich phan:
K=e?f o, 1 2(wi(1ydy 3(46)
hy T %z RJ P
biéu thi tuong tdc Coulomb gifra hai nguyén 1 nén duge goi la tich phan Coulomb.
Tich phan:
5 1 1 1 1
A=e?ffl-———+—+ = Ny (D (2, 2y (Ddy 3(47)
My Tz H2 R
biéu thi su déi chd cla hai electron (y,(2)y, (1)) nén duoc goi 1a tich phan trao déi.
Con tich phan:
S= [, (Du, (v = fy, (2w, (2xv 3(48)

bi¢u thi sy xen phil [in nhau giita cdc dim may electron y, vi y,. Mirc do xen phi (do 16n
cua S) phu thude vao khoang cidch R giifa hai hat nhan va ti 1& v6i tich y,y,:

1palxuh .| h awh
W, | } W
R,-+S, R2—4>S2 R. — S,

Hinh 3.10. Sirphu thide S véo R
Tir hinh 3.10 ta thay:

R, < R, <«R:;<... <R,
S >8> 8> >8.
Khi R = R,, thi w,y, =0 vitheo dé §=0.
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Nhung khi R = R, ciing dan téi ry,, 15, 1,, = o hoac L —L—> 0, va do do, tir

L]

Iip Iy T2
346}, 3(47)tac6 K, A — 0, nghia 1a E = E® (theo 3(44) vi 3(45)). Vay khi R = R, ning
lugng ctia hé bing tong nang lugng clia hai nguyeén tUr H doc lap.

Khi R = 0, hai hat nhan a va b tring nhau, nghia la w, =y, va do dé

S = _[\paxp,,dv = I\pfd\* = leid\* =1 {ditu kién chudn cia ham séng)

Khi 0 <R <o tacé: E(R),
12820
12820
1£§ >0 "k
Tinh todn cho thay:
A<0, K<0,lKl<lAl
Do do, K +A<0, K-A>0
R K+A K-A ‘
va e <0 s 0 Hinh 3.11. Su phus thuée E vao R,

Qua cdc phan tich trén 1a thdy nang lugng cua h¢: E va cdc ning luong twong
K+A K-A . . S .
tic —-% — # deu phy thudc vao khoan cdch giita cdc nguyén tir (R).
1+8° 1-8
Hinh 3.11 cho biét: truc hoanh OR ting véi truong hop hai nguyén tir 11 khong tuong tdc
vor nhau (nang luong tuong tde bing 0 va E = E*).

&’i‘ >0 va
1-§*

ham song toa d¢ khong gian cha hé 13 ham phan déi xuing . nghia Ia hai nguyén wr H
khong thé lién két vdi nhau dé tao thanh phan tir H, (nang luong cha hé: E, 16n hon nang
ltrgng clia hai nguyén tir H doc lap: EY).

Budng cong (1) vng v6i trudmg hgp hai nguyeén tir H day nhau: E, > 0,

\ . - : - A ; .
Pudng cong (2) ing véi sy hit nhau giita hai nguyén tr E, < 0, K—+-,-, <0 v tuong 1ng

I+8°
v3i him song toa do khong gian 1a ham d&i xtng ..

Difm cue tiéu trén dudng cong 16ng cong (3) dng véi trang thdi hai nguyén tir hat nhau
manh nhat (giai phong nang lugng nhidu nhat) tao thanh lien két tic Ia tao thanh phén tr
Hz-
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Theo dinh nghia : 'S(RU) =(%] <0 Ia nang lugng tao thanh lién két giita hai
+ R
nguyén t&r H d€ tao thanh phan ty va do dé ning lugng lién két s& 1a:
SRy = A S0
1+8 R,
Két qua tinh todn cho biét;
K
D= *R,)= ‘ -H? =| E(R,) - E’ =74 kcal/mol
1+8 R

1]

{con gid tr] thuc nghiem do duge 103 keal/mol)

Nguyén nhan khdc nhau cla cdc gid tri E(R,), R, so vdi két qué cla chiing xdc dinh
bang thuc nghiém cé thé giai thich 1a vi phuong phdp tinh todn & day la phuong phip gan
ding cép 1. N€u giai bai todn & cac gin ding cdp cao hon thi két qud thu dugc sé cang gan
vdi thue nghiém hon.

3.3.2. Ban chat caa lién két cong héa tri

D¢ hiu ban chat cia lien két cong héa tri, ta xét ham séng toan phin cla hé hai
electron trong phan tir H,.

(1.2 = w(1.2) x(1.,2)

dic trung cho sy phan bd electron theo toa do khong gian qualw(1,2) | ? va sit dinh huéng
spin cua cdc electron qua ham ¥y,

Ciing nhu ham toa do khong gian, ham spin y ciing c6 tinh chdt d&i xiing, nghia 1a:
%(1,2) = x.(2,1)
ng véi trudng hgp 2 electron ¢é spin song song ki hiéu 13 TT. N6i cdch khdc, 2 electron

c6 s6 lugng tir spin bang nhau: m, = m.= . Mat khdc, ham spin ciing c¢6 tinh chdt phin

o | —

déi xing:
Xu( 1 ‘2) =- Xa(2!1)

Ung vdi trudng hgp hai electron ¢ spin phan song song, ki hiéu 1a T4

- -l- - ] l
Nghia 1a m=— va m =——

LY

2 2
Vay, thuc chat cua ham spin y chi 1a mét ki hiéu dé€ xédc dinh su dinh huéng spin cla
cac electron trong hé ma thoi.
Theo nguyeén Iy Pauli, ham séng toan phdn mé td hé 2 electron trong phan tir H, phai la
ham phan doi xing : W(1,2) = -'¥(2,1). V1 him séng toan phdn bing tich cla hai ham y va
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%, W va x c6 thé d6i xiing hodac phan déi xing. Mit khac cin chd ¥ ring hai ham déi xing
nhan vGi nhau sé cho mot ham doi xing, con mot ham doi xing nhan véi mot ham phan
doi xing sé cho mot ham phan déi xing. Cho nén, muén cho ham toan phan la phan déi
xing, ta chi c6 thé 1am phép nhan tuong tng sau day:

¥=yx
" \
w(1.2) = w(2.1) v, (1.2) = - y,(2,1)
1(1.2) =-x @D T 1(1.2) = 2.0 17
v,(1.2)7,(1,2) = - w(2,1)%.(2.1) va(1,2) 1.(1,2) = - w,(2,)z.(2.1)
W(1,2) =-¥(2,1) Y(1,2)=-P(2,1)

Két qua cho thdy, ca hai truong hgp déu thoa man nguyén ly Pauli:

Truong hop thir nhat (ng vaéi su tao thanh lién két (vi y = y,) thi cac electron phai ¢6
spin nguoc chiéu nhau TV hoac & trang théi cap doi.

Trudng hop thit hai Gng vé6i trudng hgp hai nguyén tir H diy nhau - phan lién két (vi ¢
= ,) thi cédc electron phai c6 spin cung chi¢u T7.

Dé thay 6 hon ta xét y’va . : Binh phuong hai v& clia cdc biéu thic 3(41) va 3(42)
s€ dugc:

2 1 N2 2
Wy = NO(wi + 2wy +wip)
wa = Na i = 29wy + i)

Theo y nghia vat 1y cua ham séng, trong truong hop lién két (y,), xdc sudt tim thay cic
electron trong viung khong gian gilta hai hat nhan nguyén tr tang lén mot luong bang
2y S0 VGi i +yp, tic 1a tang dién tich cia cdc dim may electron lam cho hai hat
nhan bi hit lai véi nhau tao thanh lién két trong phan tir H, (hinh 3.12a).

Con truong hop phan lién két (,), mat do xac sudt tim thdy cdc electron & viung giita
hai hat giam mot lugng bang -2y,y, so véilpf + Lpf,, tirc 1a mat do dién tich ciia cdc dam
may electron giam di, do d6 hai hat nhan ddy nhau va vi vay khong tao thanh lién két
trong phan tir H, (hinh 3.12b).

"II<

H+H — H, H+HA H,
(a) (b)
Hinh 3.12. Sir phdn bo mdt dé electron khi hai electron co:
a. ¢ spin phdn song song; b. ¢6 spin song song.
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Vay, ban chal cia lién két cong héa tri 1a tuong tdc dién gilia cdc hat mang dien tich
{hat nhan va clectron).

3.3.3. Trang thai hoa tri cda cac nguyén té6 héa hoc (Thuyét hoéa tri spin)

‘Thuyét héa tri spin nghién cifu m&i quan hé gifta héa tri cla cdc nguyén o va spin cua
electron. Thuy€t héa tri spin 13 hé qua cua bai todn cho phan t& H; vi né duge xdy dung
trén c& s& két qua giai phuong trinh Schrédinger cho phan tr H, két hgp véi nguyén ly
Pauli.

Ta di biét ring, ddu hiéu d¢ tac thanh lién k&t héa hoc la spin cha cic electron phai
phan song song T{ va ddu hiéu phan lién két 1a spin ciing chiéu ™.

Thay vay, gia sir c¢6 mot nguyén tir H thit ba v6i spin dinh hudng bat k¥ tién lai gan
phan i H,. Trong phan ur H,, spin cba hai electron tham gia lién k&t da cap doi, cho nén,
di spin cla electron trong nguyén tir H thit ba dinh hudng theo chi¢u nio di nita thi cling
song song vdi spin clia mot trong hai electron cia phan tir H,, nghia 14 phan ar H, va
nguyén (it H day nhau. Nhu vay, rong phan tir H,, lién két da bio hoa.

H-H H H-H H
N T N
12 3 12 3
(111 3) (2113)

Tir d6. ¢6 thé giai thich 1ao sao chi tao thanh H, ma khong thé tao thanh H,, H,. Hs,..

Nhu vay 1a syt dinh hudng phin song song cba spin giai thich tinh bao hoa héa tri cla
lién k&t hda hoc.

Tuong e, nguyén t He khong ¢d electron 1y do vi 2 clectron da cap doi (He ) nén
He khong thé tham gia lién két héa hoc (khi tro).

Tam lai, ¢6 thé phdt biéu noi dung cia thuyét héa tri spin nhu sau:

- Chi ¢é cic electron tw do (electron héa tri) méi tham gia tao lién két hoa hoc. G trang
thdi lién két, spin cGa ching phan song song (trang thdi bdo hda hoa tn).
- Khi céc electron trong phan U hay nguyén tir d3 cap doéi thi chiing khong tham gia

lién két nira.

- $6 electron trr do trong nguyén tir mot nguyén t6 bing s4 hoa tri cla nguyén 16 dd. Vi
6 electron tu do ciia mot nguyén tr 13 $6 nguyén va ¢ gidi han nén héa tri cua cdc
nguyén to 1a nhitng 6 nguyén khong 1on.

- Trong mot s& trudng hop, héa tri cia mot nguyén 8 ¢ thé thay déi nhd sy tang s¢
luong electron ty do bing cdch kich thich (nhan nang lugng cia phan g héa hoc).

Dua vio cic noi dung do, ta ¢é thé gidi thich hoa tri cha cdc nguyén t6 sau day lam thi
du (xem bang 3.4)
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Bang 3.4. Cdi triic electren nguvén hir va hoa iri ciia mot s6 nguyén 16
8’ 1 ! J

Haa tri

Nguyén Cilu tric clectron (6 electron v do) Hydroa
3]
H T 1 H,
He T . 0 -
Li o7 1 LiH
Be |1l |1 02) BeH,
B Tt ' 1+ ‘ 1(3) BH,, B,H,
S EUE TS T 24) CH,
NI o i e " 3 NH,
N E Y YA R YR S P 2 OH,
Foneirne et : FH
A VA VR Y RN 0
R R RV RV ' NaH

i Is 25 2p 3s :[

Cédc nguyén tir cha cdc nguyén t6 H, Li, F, Na ¢6 mot electron tr do, do doé ¢ hoa tri 1.
Héa tri clia chiing biéu hién trong cdc hop chat H,, LiH, FH, NaH.

N c6 3 electron tu do nén c6 héa tri 3 (trong NH,).
O ¢6 thé két hop v6i hai nguyén t6 H (trong H,0) vi né ¢6 2 electron héa tri.

He, Ne khong cé hoa tri tr do nén khong thé tham gia lién ket héa hoc {vi vay dugc got
la cdc khi tro).

Doi vai Be, B, C hda tri thye cla ching (dugc ghi trong ddu ngoac) 16n hon s6 electron
tu do tinh theo cau tric electron nguyén tir chia ching & trang thdi cd ban. Diéu d6 ¢é thé
giai thich la khi tham gia tao lién két héa hoc (trong cac phan ung hoéa hoc) vo electron
nguyén tir bi thay doi (bj kich thich, cdc electron cap doi bi tach ra chuyén lén céc trang
thdi nang lugng cao hon thanh cdc electron tr do nhd nang lugng cla cdc phan tng héa
hoc cung cip cho .

Is 25 2p Is 25 2p

Be I [ T] —— B [[r[ ] BeH,
B el [] —— ® W[ ]  BH,
{1

T
¢ k] — ¢ CH,

Trang théi co ban Trang thai kich thich
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Qua d6 ta thay cdu triic cha Be, B, C & trang théi kich thich phii hop véi héa tri thuc cia
cdc nguyén to dé.

Mot thi du khdc: Xét lién két ban cuc trong phan tir CO. Ciu triic electron ciia nguyén
tir cdcbon & trang thai kich thich va cha nguyeén tlf oxy tuong tng sé la:

ls 25 2p Is 25 2p

o]t ]r] O |ufruryfr]+]

Nguyen tr O c6 2 electron ty do nén cé thé tao lién két doi nhung ciing c6 thé chuyén
mt electron 2p tir oxy sang nguyén tir cacbon dé tao thanh C va O* ¢6 3 electron v do:

Is 25 2p Is 25 2p

C [y r[t]1] pufref +] ]2 ]

Nhitng ion nay c¢d cau tric electron giéng nhu cia nguyén tir N. Do dé, khi chiing
tuong tac v4i nhau s€ xuat hién lién k&t ba giéng nhu trong phan tir N,. Vi vay ma tinh
chit caa CO va N, rat gan nhau.

Thi du:
Tinh chat CO N, ]
Do dai lien két ((i ) 113 1,09
Nang lirgng ion hod (¢V) 14,10 15,60
Nang hrgng phan ly (kcal/mol) 256 255
”Nhi{:l do néng chay (K) 66 63

Can chu y rang sy kich thich electron khong phai liic ndo ciing xay ra duge. Sy kich
thich d6 chi ¢6 thé xay ra khi hi¢u cda hai mc nang luong thi du E;, —E, khong lon

nghia 1a nang lugng can ticu tén dé chuyén electron tir trang thdi 2s lén trang thdi 2p ¢o
thé b dip dugc bang ning luwong duge gii phong trong cdc phan Gng héa hoc. Con dsi
v6i nhimg chuyén miic ¢6 kém theo su thay déi s6 lugng tir chinh (25— 3s,...) ddi hdi nang
luong lén hon ca nang lugng sinh ra trong phdn (tng héa hoc thi khong thé xay ra dugc.

Thi du: thuy¢t héa tri spin khong giai thich duge tao sao N ¢6 héa tri 5 vi mudn c¢6 héa
tri 5 thi mot electron & trang thdi 2s phai chuyén sang trang thdi 3s dé cé 5 electron tv do:

Is 2s 2p 3s

Nhung nhu the s& lam thay ddi s6 luong tir chinh (2—>3) 1a truding hop bi ngan cim.
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Héa tri 5 cha N cé thé giai thich bing cdch sau: N ¢6 héa tri 5 trong NH,*Cl'. Vi dé am
dién cua Cl 16n hon coa N nén khi tuong tic v6i N, Cl s€ nhan clectron cua N dé tro thanh
ion am CI', ¢on N sé trd thanh ion duong:

N':

Is 25 2p
vai 4 electron tu do $&€ tham gia lién k&t v6i 4 nguyén 1 H tao 4 Tién k&t cong héa tri trong
NH,*. N* mang dién tich duong s& hit CI' mang dién tich am tao thanh mot lién két ion.
Két qua tao nén phan tir NH,"Cl trong dé N ¢6 héa tri 5.

Két luan: Thuyét héa tri spin da gidi thich dugc cdc tinh chidt bio hoa, tinh s6 nguyén
ctia lién k€t cong héa tri va cdc trang thal héa tri cia cic nguyén t6 hda hoc. Mot sd
trudng hogp. thuyét héa tri spin mau thuln vdi thuc nghiém (khong giai thich héa tri cia
nguyén 16 theo kiéu kich thich electron vé&i su thay doi so lugng tir chinh).

3.3.4. Thuyét hoa tri dinh hudng

Tur k&t qua cha bai todn cho phan tir H, ta thdy ring cdc ham séng w,, v, titc 1a cdc
orbital nguyén tir xen phu nhau cang manh (tich y,y, cang 1én) thi lién két cong hda tri
cang bén. Do d6, lién két hda hoc s& duge tao thanh theo hudng ndo ma xen phii giira cic
orbital nguyén tir dat gia tri cyc dai.

Cdc dam may electron s ¢6 dang doi xitng ciu nén do 1dn xen phi gita ching v&i nhau
chi phu thude vao khoang cich giita cdc hat nhan ma khong phu thudc vao hudng.

Cdc ddm may electron p dinh huéng cuc dai theo 3 hudng tring vdi 3 truc toa do. Vi
thé, sy xen phu gilta cdc ddm may electron p véi nhau hodc gitra ddm may electron p véi
cdc dim may electron khdc dang sé phu thudc ca vao khoang cich gilta cdc hat nhan
nguyeén tir 1an hudng tién lai clla cac nguyén ur.

Dé 1a sdng 10 nhiing diéu néi trén, ta s& lam cdc phép so sdnh cdc gi4 trj cuc daj ciia cic

ham séng y,, v, va tich ca ching. Tir bang hdm séng ta thdy phidn ban kinh R(r) cia cdc
ham séng ¢6 cling 56 hugng tlr chinh & xap xi nhu nhau, vi vay co thé viét:

Yo = R(1)—= J3sin Qcos

\Esines'mq)

W, = R(r)—-—ﬁcose
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bat y, =R(r)f—l— =]

Jan
ta co: y, =1

Y

= Jgsinﬁcosq) - Wox max = V3 (khi 8 =90"; ¢ =0")
Yoy = \Esinﬂsin(p - Woy max = J§ {khi 8 = 90°; ¢ = 90")

w,, =v3cos0 S Wy = 3 (khi 0 =07

V1 mitc do xen pht duge dianh gid bAng W, nue Womas DN ta €6 cdc trudng hop sau day:

vy, =1l=1<« ws.wr,:l.\/—: \/§<tp,,q1p=\6.\5=3

COEC -

YW, A W, W W,

Nhu vay, lién két hda hoc duge tao thanh bdi cdc xen pha doé s&€ ¢é do bén ting theo thi
e

$-$S<S-p<p-p.

Dua vao sy phan tich trén ta xét cdu tao cia mot s¢ phan tng sau day 1a vi du {(giai
thich tinh dinh hudng héa tri):

Phdn nr H.0:

Nguyén tr O ¢é 2 electron héa tri & trang
thai 2p

0

I1s 25 2p

Hai orbital p d6 ¢é truc vudng goéc vdi
nhau (trung vdi 2 truc toa d6) phan ur H,O
duge tao thanh khi hai orbital s cta hai
nguyén (¢t H xen phu v&i hai orbital cua
nguyén tr O hudng theo hai truc cla cdc ddm
may p. G6c héa tri gitra hai lién két OH bang
90" (hinh 3.13).

H,0

Hinh 3.13. Xen phii s-p trong phdn hi H,0,
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Phan tir NH,|

Nguyén tr N ¢6 3 eiectron tu do & trang
thdi 2p

N

s 2s 2p

Mbi ddm may 2p s& xen phll véi mot ddm
may ls cia nguyén tir H dé tao thinh mot
lién két N-H. Cé tat ca ba lién két N-H doc
theo ba truc toa do, do dé gée héa tri HNH _
bang 90" (hinh 3.14). Hinh 3.14. Xen phii s-p trong phan tir NH,,

NH,

Thue nghiém xdc dinh dugc cic gée héa trj trong cdc phan tir H,O va NH, khoéng phai
la g6c 90" ma tuong tng 1a 105" va 107°.

Su tang gdc héa trj ¢6 thé giai thich bing hai nguyén nhan:

- Cdc lien két O-H va N-H 1a cdc lién két cong héa tri phan cuc: O°-H*®; N°-H"°. Cic
nguyén tif H mang dién tich duong ddy nhau lam cho géc héa tr ting lén.

- Céac ¢lectron da tham gia lién két trong hai lién két OH (hodc NH) cé cic spin dinh
huéng cung chi¢u lam xuat hién lyc ddy giira hai lién két OH (hoac NH), nghia 12 lam tang
goc hoa tri

0 N
N 7 N L7
H H H H

Phan ur H,0,

Trong phan tit H,O, ¢4 hai nguyén tir O, mbi
nguyén tir O ¢é hai ddm may electron p t¢ do.
Hai ddm may p thudc hai nguyén tr O xen phi
nhau tao lién két p -p. Hai ddm may electron p
con lai cha hai nguyén tit O sé tham gia tao hai
lién k&t s - p v&i hai nguyén tir H (hinh 3.15)

Qua cdc vi dy trén ta thdy ring sy dinh
hudng cua cdc lién két héa hoc sé xac dinh ciu
triic hinh hoc clia phan ti: phan tir thing (vi du
H,), phan tlr ¢é 14t ca cdc nguyén tir ném trong
mot mat phiang (H,0, H,0,) va céc phan tir ¢6

10t m : Hinh 3.15.
cau tric khong gian ba chi¢u (NH,)... Xen phii s-p, p-p trong phan e H,0,.
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3.3.5. Lién két xichma (o) va lién két pi ()
- Lién két o

Ba dang xen phu s-s, s-p, p-p 6 mot dac diém chung cho phép x&p chiing vao cliing mét
nhom lién két goi 1a lién két o. Dic diém chung d6 1a tinh chat déi Xtng clia cdc ddm may
clectron tham gia lién két déi véi truc lien két (dudng ndi cdc hat nhan nguyén tir). Cic
nguyen tu hay nhém nguyén tir ¢é thé quay ty do quanh truc lién két 6 ma v1 tri tuong doi
ciia cdc ddm may electron va theo d6 nang lugng cha lién két o khong thay déi (vi ving
xen phu khong thay déi). N6i cach khéc 1a lién két ¢ khong can tré st quay ty do cua
nhimg nguyén tir tham gia lién két. Tit ca cdc lién k€t don déu 1a lien két 6. Su xen phi
cue dai coa ddm may electron trong lién k&t ¢ xay ra doc theo truc cla lién két (hinh 3.16)

CE) (CExO CxE>=0

Ge.s Osp Cpp
Hinh 3.16. Lién két o
-Liénkét n
Lién két w gap & cdc hop chil ¢4 lién két doi hay lien
k€l ba. Lién két doi gém c6 mot lién két o va mot lien ket
7. Lién ké1 ba gébm ¢6 mot lién két ¢ va hai lién két =
Dac diém cla lién két = 1a cdc dém may electron p tao
ra lien k€l 7 ¢6 cdc tryc song song vdi nhau va cliing vudng

goc voi truc 1ién két (truc lién két o) (hinh 3.17). chi c6 &
vi tri do su xen pht mdi dat gia tri cuc dai. T

So véi Lién két o thi lién két n y&u hon nhiéu vi cdc Hinh 3.17. Lién két .
dam may p tham gia lién két = xen phl nhau rat it.

Kht quay quanh truc lién két o, cdc ddm may p tham gia lién két = khong con & vi tri
song song vdi nhau nita. V1 viy ma mac do xen phi giia chiing giam di va nang lugng
tuong tic day tang lén. Nhung dong thoi va1 viéc xudt hién lyc do, ciing xuat hién luc c6
xu hudng dua cdc dam may p vé vi tri song song v6i nhau sao cho nang lugng tuong tic
cia hé c6 gid tri cyc tiéu (xen phil cue dai). Nhur vay la lién két n can trd sy quay ty do clia
cac nguyen tir tham gia lién k&t quanh truc lién két o.

Thi du: Xé1 phdn it N,

Trong phan 1t N, ¢6 lién két ba N = N. Lién két thit nhat do dang xen phu p-p tao thanh.
Hudng xen phu cuc dai 1a dudng néi lién hai hat nhan nguyén tt N, D6 1a lién két .
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Hai nguyén tir N con lai bon ddm may electron p. Cic ddm may dé ting cap mot xen
phu véi nhau tao thanh lién két . Nhu vay, trong phan e N; c6 mot lién két ¢ va hai lién
két n. (hinh 3.18).

Hinh 3.18. Xen plui cde dém ndy electron trong phan ne N,

Cdc phan tir ¢é lién két doi hay lién k¢t ba khi duge cung cdp nang lugng (thi du nhu
dun néng...) thi cdc lién ké1 m ¢6 thé bi phd vd va do d6 cdc nguyeén tir hay nhém nguyén
tlr c6 thé quay 180° quanh truc lién két ¢ va sau dé cdc lien k&t 7 lai duoc tao thanh, Két
qua l1a xdy ra sy bién déi dong phan cis sang ddng phan frans.

Thi du: Axit maleic khi tang nhi¢t do, dong phan cis s& chuyén thanh ddng phan trauns:

HOOC COOH H COOH
N/ \
C=C cC=¢C
(I / \
H H HOOC H
(cis) (trenes)

3.3.6. Lai hoa cac orbital nguyén tur

Nhu & trén da xét, su xen phu cue dai gifia cdc orbital nguyén tir d cho ta dodn nhan
diing ddn v¢ c4u tao hinh hoc cla cdc phan ti don gian.

D4i véi nhiéu trudng hop, ta can phai m& rong hon vé quan niém xen phil thi méi giai
thich dugce cau tao thuc cha phan ur va méi phit hop véi cde dir kién thue nghiem. Vi vay,
ta can xét dén khdi niém vé lai hoa.

3.3.6.1. Lai hoa sp’
Cau triic electron clia nguyén tu cacbon & trang thdi kich thich & dang

c

Is 25 2p

trong do6 cd bon electron tu do: mét electron 2s va ba electron 2p. Bon dim may electron
dé khong gioéng nhau. Néu ching tham gia lién k&t vdi bon ddm may ts cia bon nguyén tir
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H dé tao thanh phan tir CH, thi ta c¢6 thé nghi ring ba lién két C—H (do xen phi 2p -1s tao
thanh) s& bén hon lién két C-H thit us (do xen phii 2s-1s tao thanh).

Thye nghiém xdc nhan rdng phan tovr CH, ¢6 cau tao hinh t1f dién hoan toan déi xdng
véi bén lién két C—H hoian toan nhu nhau.

Pé giai thich diéu d6, Pauling cho ring bén ddm may electron ciia C” té hop véi nhau
{pha tron) tao thanh dim may electron mdi gidng hét nhau goi la cic ddm may electron lai
héa (hinh 3.19).

Cic orbital s+ p+p +p Bén orbital sp®

Hinh 3.19, Lai héa sp.

Bon ddm may lai héa d6 dinh hudng cuc dai tir tim cla hinh 1 dién (vi tri cha C7) dén
bon dinh cia nd. Cic truc cla cac dam may lai héa timg cap mot cdt nhau tao nén géc
dién 109°28",

Vi vay, kiéu lai héa do mot AO s v ba AO p tham gia goi 1a laj hda sp® hoac lai héa 1
dién. Nhitng dam may electron lai héa sp’ chi tham gia tao lién két . Lai héa sp® thé hién
trong cac hgp chat hydrocacbon no: CH,, C;H,...C,H,,,;, NH,*, HCL.....

Ngoii ra, lai héa sp' con xay ra trong cdc trudng hop khi nguyén U trung tim cua phan
tir (hoac phirc) khong tao qua ba lién k&t cong hoa tri va phai ¢é cap electron khong chia.
Thi du nhu cdc nguyén tr O, N trong cdc phan tr H,O, NH,, ...Thuc nghiém xdc dinh dugc
cdc goc héa tri tuong tng 1a 105" va 107", gan vdi géc 1y dién 108°28 hon 12 géc 90°. Diéu
d6 ching to ring cac orbital cia O va N ding dé tham gia lién két véi cdc nguyén tir H
gin giéng vG&i cdc orbital lai héa sp* hon 12 cde orbital p thuan tiy.

Trong phan tir NH,, cip electron khong chia chia N s& & trén orbital lai héa sp® dinh
huéng (hinh 3.20). Vi vay, phan tir NH, c¢6 kha niang tham gia tuong tic cho nhan (NH, la
donor s& cho cdc nguyén tir khdc cap electron khong chia nay dé tac thanh lién két cho
nhin).

P61 véi phan tr CH,, cuc tiéu nang lugng cGa né sé dng véi 16 hop tuyén tinh clia bon
ham song W, W, W, va ¥y, :

e

qu‘ =ay, + bi\'l"lpx + Cikl”‘py + din? 3(49)
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Vi co bén dém may lai héa nén i =1, 2, 3, 4 va a cé bon ham séng tuong (ng dac trung
cho bon ddm may lai héa d6 goi 1a cdc ham séng lai hoa hay cdc orbital lai h6éa. Ci ban
orbital lat h6a nay cling ing vdi médt mirc nang lwgng thip hon mic nang lugng Gng vai
cdc ham ban ddu dem t6 hop 2p hoac 2s. Cic hing 6 a; b, ¢; va d, cling phéi chon sao cho
Wi cd gid tri cue dai (tifc 1a ndng luong tuong iing vdi y, 1a cuc tidu),

10328’

Hinh 3.20. Lai hda sp2° trong cde phédn ne CH,. NH, va H.0.

Gia sir ham lai héa y, (i =1) dinh huéng doc theo truc x. Doc theo truc x, cidc hdm séng
Vo, va y,, bing khong, do dé tir 3(49) ta cé:

W =alws+btwpx 3(50)

Ta s€ tim gid tri cuc dai cha y, tir cdc diéu kién truc giao va chuan héa cla cdc ham
song:

biéu kién chuin héa: jW?dV —1
Diéu kién tryc giao: jWindV -0
Ap dung cho y:
wadv = .[(al‘lh + bllppx)zdv =1
:afjwfdv + b jwixdv + 2a.b, [y, dv =1
= a:f‘+b|2 =1

Suy ra b, = \/l—alz

Thay gid tri b, theo a, vio 3(50) ta ¢6:

v =aw,+i—at,
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W, ¢6 gia tri cyc dai khi y, va y,, déu c6 gid tri cuc dai, nghia th y, =1 va Yo, = J3.

Viy:
W =a, +43(l-a}) 3(51)

v _,

Diéu kien dé v, cuc dai:
da,

V3

Thuc hién diéu nay doi véi y, trong 3(51) ta cé: a, =5 va do do b, =?.
Thay cac gid tri clta a;, by, ., y,, vio 3(50) dugc:
3
W= l.l +—J:.\/§=2
2 2

Mot cich tuong tu ta cling ¢6 thé tinh duge cdc gia tri cue dai cha cdc ham lai héa s,
Wi, W, cOn lai ta duge két qua la:

W= WIS W=y, =y, =2,
So sdnh v&i cdc ham sdng v, , y, chua tham gia lai héa véi ham séng lai héa L ta
thay:
Vo < Wy < Wa
M (3 @
Nhu vay, ham lai héa W khi tham gia lién k&t héa hoc s& xen phli manh hon so véi

cdc ham y, va y, va do dé lien két wong tng sé bén hon.

3.3.6.2. Lai héa sp*

Ngoai vigc tham gia lai héa sp’, cde ddm may electron cia nguyén tir C* con cé thé 8
hop theo ki€u sp? g6m c6 mot hdm séng , va hai ham séng g, thi du v, va y,, tham gia,
con ham y,, van gilf nguyén. Ba ddm may y, , y,, va Y,, pha trén véi nhau tao thanh ba
dam may lai h6éa méi (g véi cdc ham song lai héa:

Wi = ﬂ.'W,. + bi*wpx"' Ci’wpy

Cac hang s¢ a;', b;' va ¢;’ ciing phai chon sao cho y, ¢6 gia tri cuc dai. Tinh todn cho biét
ham séng lai hda o ¢ gid tr1 cue dai fa:

‘Uhpz = Y=gy =y, = 1991
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G6c giita cdc truc clia cdc ddm may lai héa sp’ bing 120°. Ba ddm may lai héa sp® dinh
hudng cuc dai tir tam dén ba dinh cla mot tam gidc déu. Vi vay, lai hda sp’ con goi la lai
héa tam gide (hinh 3.21). Dam may electron y,, cdn lai ¢6 truc vudng géc véi mat phang
Xy s€ tham gia lién két m.

Hinh 3.21. Lai héa sp”.

Lai héa sp® hay gip & cdc hgp chat cé lién ket doi nhu: etylen CH, = CH,, benzen,
butadien CH, = CH - CH = CH,, C H,,,...

Thi du:
- Xét phdn it CH,=CH,. Phan tit nay nim trong mét mat phang (hinh 3.22):

Hinh 3.22. Lot héa sp’ va dién két  trong phin e C.H,.

Trong dé, hai nguyen tir C lién két véi nhau bang mot lién két o do su xen phu hai dam
may lai héa sp’ cla hai nguyén tir C tao thanh.

Nhitng dim may lai hdéa sp’ con lai s& xen phll v8i cdc ddm may electron chia bén
nguyén tir H tao thanh bén lién két C - H (bon lién két ) ciing niim trong mit phang chita
cdc hat nhan nguyén te C va H, Cic goc héda tri gifra cdc lién két C - H bang 120°. Hai ddm
may y,, thudc hai nguyén tir C s&€ xen phi voi nhau tao thainh mot lién k&t m. Vay, trong
phén tir CH, = CH, gifra hai nguyén tir C t6n tai mot tién két o v mot lién két n.

- Xét phdn nur benzen CH

., . . . S . HC CH

Trong phdn ni benzen ton tai mot dang dac bigt cua 1ién két hda hoc @

trong d6 mot nguyén ur C lién két vdi hai nguyén tr C khdc va vdi mot HC CH
nguyén tit H bang cdc ddm may lai héa sp® dinh hudng theo géc 120°, CH
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Vi véy, benzen ¢6 cdu tao phang, vong benzen 1a mot luc giic déu (hinh 3.23).

Cac ddm may electron p khong tham gia lai héa sp’ trong cdc nguyén tr C ¢d truc
vuong gée vai mat phang cla phan tir (hinh 3.24) s& xen phi 1&n nhauw tao thanh ba lién két
T gidfa cac nguyeén tor C.

Tat ca sdu ddm may electron p nay khong thude riéng nguyén t&r C nio, cic electron nt
s€ di déng doc theo vong benzen mot cdch ty do. Vi vay, ngudi ta néi ring trong benzen,
cdc lien két m khong dinh cu. Kha nang di dong cia cdc electron = trong benzen l1am gidm
thé nang cua cdc electron trong dé va do vay d¢ bén cla cdc lién k€t tang lén. Diéu d6 cé
thé gidi thich tai sao benzen khong c6 kha nang tham gia phan tng k&t hop nhu etylen va
cdc chat hydrocacbon khong no khdc.

Hinh 3.23. Lai héa sp™ trong phan tr C H,,. Hinh 3.24. Cdc AQ khéng lai héa
trong phan v C H.,.
Vi cdc electron phan b déu dan gilta cdc CH
nguyén tr C nén cong thie cdu tao cha benzen

, i . . ) . HC C
biu dién ¢ dang nhu hinh bén, trong dé, dutng :
chdm cham biéu dién céc lién két n khong dinh HC CH
cu. Cac lién két n khong dinh cu nay trong CH

phan tr benzen ¢dn duge biéu dién nhu & hinh
3.25.

Su tao thanh cdc lién k& n khong dinh cu
cOn gap d trong cdc phan i hitu co khdc, thi du:

CH,=CH-CH=CH,, CH,=CH-CH=CH-CH=CH,,

trong dé, cdc lién két doi xen ké cic lién két
don tao thainh mdt hé lién k&t doi luan hgp. Céc
electron n ¢6 thé chuyén dong tr do doc theo Hinh 3.25. Cdc lién két 7 trong
mach cac nguyén 1 C. phan tir CH,.
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3.3.6.3. Lai hoa sp'

Trong lai héa nay chi c6 mot dim may s va mot dam may p (gia sir ddm may p,) t6 hop
v&i nhau tao ra hai ddm may lai héa sp' (hinh 3.26)

Céc orbital (s+p) Hai orbital sp’
Hinh 3.26. Lai héa sp'.

Cic ddm may lai héa sp' s€ tao mot lién két o giita hai nguyén tir C. Hai ddm may Wiy
va hai ddm may y,, cla hai nguyén tir C s& tao nén hai lién két .

Lai héa sp' gap & céc hop chat ¢6 lién két ba. Thi du nhu trong axetylen H- C= C - H
(hinh 3.27), ..., C,H;,,, hodc trong cic phan tir ¢6 hai lién két doi ké nhau: thi du trong
phan tr CO, (0O=C=0).

Hinh 3.27. Lai héa sp' va lién két x trong phéin ne C.H..

3.3.6.4. Lai hoa cé cic orbital d tham gia

Ngoai cdc orbital s, p cdc orbital d ciing ¢6 thé tham gia vao su tao thanh cdc lién két
héa hoc. Thi du nhu trong cdc ion phiic.

[Ni(CN)4]2', [PtCl4]2', {FC(CN)ﬁ]]‘, [CO(NHA).&]"T,---

Tir bang ham séng ta thdy fing véi cling mot gid tri cia sé lugng tir chinh, néu chon
w,=1 thi phdn géc cla cdc ham song y, va y, s€ la:

W2 =-;~\/E(3cosze—l) 1 =/3cos0
T =\/Bsin8<:059coscp Yoy = \Esinesin(p
Wy, = \/Esinecosﬂsinqa You = ﬁsin@cos@

Y nsain?
tud(xz_yz} —E\fﬁsm Ocos2¢o
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Yaxy = % J15sin” 0.in 2¢

Néu so sanh ta s€ thdy cdc ham séng y, ¢6 gid tri cyc dai lén hon cdc gid tri cyc dai
cua cdc hdm séng y,. V1 vay, cdc lién két héa hoc ¢6 cdc ham y, tham gia s& bén hon,

-Lai héa dsp’

T6 hop 1 ham w,, mot ham w, va hai ham y, ta s& B » B
dugc bon ham lai héa y_ g2 €0 gid trf cyc dai bing ) ’

2,694, Cic ddm may lai héa nay dinh huéng cuc dai Q
tir tim dén bdn dinh cia mot hinh vuéng dudi géc a
90" (hinh 3.28). A 1a cdc ion kim loai Pt**, Pd*,

&
~

Ni**,..B la cdc ion CI', CN"... «
B B
Thi dy: Xét cdc lién két héa hoc trong ion phirc Hinh 3.28. Lai héa dsp-.
[Ni(CN),J*
Nguyén 1 Ni c6 28 electron: Ni:  1s%2572p*35%3p®3d*4s?
Con ion Ni** ¢6 26 electron: Ni?*  1s%25%2p®3s3p®3d*4s®

V1 cdc electron bén trong khong tham gia lién két nén ta chi c¢dn biéu cdc vé electron

bén ngoai cha Ni**.
Ni* [1 [T
id"

45" 4p"

S& ¢6 mot orbital 3d, mot orbital 4s va 2 orbital 4p ciia Ni>* pha tron vai nhau tao thanh
4 ddm may lai héa dsp’ hoan toan nhu nhau. Khi wong tac véi 4 jon CN° , 4 cip electron
cla ion nay s€ dién vao 4 orbital lai héa dsp® cia Ni** tao thanh 4 lién két cho nhan giita
Ni’* va 4 ion CN" tao thanh ion phiic:

NCN) - [T ] ]

- Lai héa d’sp’

Tham gia lai héa d’sp’ c6 hai ham y,, mot ham
W, va ba ham y,. Su pha tron sau ham dé s& cho sdu
ham lai héa \pdzﬁp_; dinh hudng cuc dai tir tim dén

sdu dinh ctia mot hinh tdm mat déu (hinh 3.29)

M&i ham lai hda dé c6 gid tri cye dai bing 2,923,
Trong hinh 3.29: A 12 ion kim loai nhu Fe™, Co™,
Ni*... B 12 cdc ion Cl', CN" hoac cdc phan tir trung
hoa nhy NH,... -

Hinh 3.29. Lai héa dsp’.
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Thi du; xét ien phuc [Ni(NH;):]*". Ion Ni** ¢6 ciu tric vo electron bén ngoai nhu sau:

NP2 L) L] LT TT]
3d* 4 4p° 4"

Trong ion Ni**, hai orbital 4d, ba orbital 4p va mét orbital 4s tron véi nhau tao thanh 6
orbital lai héa d’sp” hoan toan giong nhau dinh huéng tir tam dén 6 dinh ca mot hinh tdm

mat déu. Khi tuong tdc vdi 6 phan tir NH,, 6 cidp electron chia 6 phan tir NH, sé dugce tiép
nhan vao 6 orbital lai héa d’sp’ trong ion Ni** tao thanh 6 lién két cho nhan gita Ni’* va
cdc phan tir NH, trong ion phitc:
[Ni(NH ) tfre) [T
d’sp*

Qua cédc thi du trén ta thdy rang cdc dang lai héa (dsp?, d’sp") va cau tao cha cac jon
phitc (vuong phang, tdim mat déu) khong chi phu thuée vao cdu triic electron et ion trung
tam (ion kim loai) ma con phu thudce vie ban chét clia cde tiéu phan bao quanh (ligan) lién
két vai ion kim loai.

Lai hoa vai sy tham gia cla cdc orbital d bén trong cla ion kim loai duge goi la lai héa
trong. Thi du nhu orbital 3d trong truding hop cta [Ni(CN),]*.

Lai héa v6i sur tham gia cua cdc orbital d bén ngoai cua ion kim loai duoce goi ta lai héa
ngoai, thi du nhv orbital 4d trong trudng hop clia [NINH,)]*.

Trong trudng hop lai hoa ngoai, lién két gita cdc ion trung tam va cdc ligan y€u hon so
v6i truong hop lai héa trong. Picu dé duoce tng dung dé giai thich khd nang phan ting thé
cua cdc phitc chat trong dung dich. Thi du NH, dé bi cic ion khdc trong dung dich thay
the trong ion phirc [Ni{NH,}]** hon la cdc ion CN trong ion phitc [Ni(CN),])*.

Trong cdc ion phifc ¢6 lai hoa ngoai van cdn c6 cic electron ty do nén ion phic c6 tir
tinh. Ngugce lai, cdc ion phiic ¢é lai hda trong khong cdon cdc electron tu do nén cé tinh
chit nghich tir,
3.3.6.5. Cdc diéu Kkién lai hoa bén

Muén cho trang thdi lai héa ton tai bén, can phdi thda man cdc diéu kién sau day:

1. Nang lugng cla cdc orbital tham gia lai hda phai gan nhau. -

2. Mat do cic dam may lai héa phai ldn.

3. Xen phu giffa cdc ddm may lai héa v&i cdc dim may cla cdc nguyén tir tham gia
lien két phai manh.

D¢ lam sdng t6 cdc diéu kién trén, ta xét cho trudng hop lai héa sp® lam thi du:

- Trong cdc chu k¥, khi di tir nhém I dén nhém VIII (tir trdi sang phai cha bang he
thong tuan hoan) vi su khdc nhau vé ning lyong gilta cdc orbital s va p & vo electron ngoai
ting lén nén kha nang lai héa sp’ gidm di (bang 3.5).



CAU TAOQ PHAN TU VA LIEN KET 1164 HOC 123

Bang 3.5
Nguyen 1 Li B B C N O | F | Ne
B, -EueV) | 19 0 28 57 0 8L 114 | 189 226 | 268
Nguyén 16 Na . Mg i Al | Si P s | A
E,- By eV) | 20 27T 53 1 70 86 | 100 123 | 135

Nguyén to K Ca | Ga Ge As S¢ ¢ Br * Kr

By - By (€V) Coe 82 s Lo s 132

Vi vay, trong didy ¢dc ion ¢d cau trac uf dign nhu Sin",PO;‘[,SOz_,ClO; theo chiéu

giam kha nang lai hoa sp® cla cdc nguyén tir trung tam (Si, P, S, C1). do bén clia cdc ion do
giam dan.

- Anh hudng mat do cla cdc ddm may lai héa dén do bén cia trang thdi lai héa sp’ cé
thé thay rd trong diy cdc phan 1 cliing loai clia céc nguyén t& cing nhém. Thi du H,N,
H,P, H;As, H.Sb. Theo chiéu tang cta kich thudc nguyen tir, (ban kinh clia cdc nguyén 1ir
tang tir trén xudng dudi trong bang hé thdng tuan hoian), mat do cia cac ddm may giam di
dan dén trang thdi lai héa sp' cla cdc tiéu phan trung tam A (N, P, As, Sb) cang kém dac
trung, tdc 1a 1am cho cdc géc hoa tr1 cang nho di so vdi géc td dién 109°28° vi do dé do
bén cla cac lién K&t trong cdc phan i di cho s& giam di (bang 3.6).

Bang 3.6
H,A H\N H,P Fl.As H,Sb
“ 1.01 1,42 §.52 1,70
Ba dai lien két { A )
Cioe hoa 107 94" G2 g]"
Nang heeng lién két k)l/mol 380 323 281 I 236

Trong phan it NH, géc¢ hoa tri bang 107" gin vdi géc tf dién 109°28, nghia la cdc lién
két N-H rong NH, dugc tao thanh bai cdc ddm may lai héa sp'. Trong phan tir H,Sb, ddm
may electron s cia nguyén tir Sb thire s khong tham gia lai héa sp’, nghia 1a cdc lién két
Sb - H duoe tao thanh chi bing cdc ddm may electron p thuan tiy.

- Mitc do ciia cdc ddm may lai héa tham gia xen pha cang manh khi tao hién két vai cic
nguyén tir khac thi do bén coa ching d trang thdi lai héa cang ldn.

3. 4. PHUONG PHAP ORBITAL PIIAN TU

Phuwong phip lién két héa tri hay phuong phdp cap electron cho bi€t ban chat cta lién
k€t cong hda tri hinh thanh tir mot hay nhiéu cap electron diing chung. N6 cho phép giai
thich dugce cdc dic diém cha lién k&t cong héa tri nhu tinh $6 nguyén, tinh bio hda, tinh
dinh huréng. Trén co s& cia phuong phip cap electron ¢6 thé mo d dinh luong lién két héa
hoc.
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Tuy nhién, phuong phdp cap electron ciing ¢6 nhitng han ché nhu khéng giai thich duge
cdc truong hop sau day:

- Lien két héa hoc ciing ¢6 thé duge tao thanh bdi moét electron (thi du nhu trong ion
phan tr H3).

- Trong mét s6 cac phan tr (NO, NO,, ClO,, O,,...hoic trong cdc géc tu do (C.H,). C- ...
van con chita cdc electron tu do.

Vi vay, bén canh phuong phdp cép electron, mot phuong phip khic di duge phat trién
song song ton tai, d6 1a phuong phép orbital phan tir (MO) do Mulliken, Hund, Hecbe va
Lenard -Jones (M¥) xay dung nam 1927.

Muc dich cua phuong phip MO la tim cdc MO va cdc mife nang luong tuong img. Vi
phan tir 12 mot he phite tap nén MO ciing chi ¢6 thé duge xdc dinh theo cic phuong phdp
gén ding. Mot trong cdc phuong phap gin ding dé xdc dinh MO 1a phuong phép té hop
tuyén tinh cdc AO - Linear Combination of Atomic Orbitals (MO-LCAO).

3.4.1. Phuong phdp té hop tuyén tinh ciac AO

Khi xét v€ cau tao nguyén tir, ta da biét ring cdc orbital nguyén tir (AO) chinh 12 céc
ham séng toa do khong gian electron mé ti trang thdi chuyén dong cia ting electron trong
trudmg luc ciia mét hat nhan nguyén .

Tuong wr ta cé thé dinh nghia MO nhu sau: MO 13 ham song toa do khong gian mot
electron mo ta trang thdi chuyén dong ciha titng electron trong trudng luc clia nhiéu hat
nhin nguyén tif trong phan tir.

AQ dugc xac dinh trén co s& gidi bai todn cho nguyén ur H va céc ion gidng hydro, con
MO dugc x4y dung trong phuong phip MO bang cich t6 hop tuyén tinh cic AQ cla cdc
nguyén tir tham gia lién két héa hoc nghia la:

y=Cuy, + Gy, + ..+ G, 3(52)

trong do: y duge goi la MO; y,, y,,... w, la cac AO da biét; C,, C,,...,C, 1a cdc hé s& cdn
xac dinh.

Cing nhu trong nguyen tir, mbi orbital phan tif \y s& ¢6 mot gid tri nang lugng tuong

Hydv
ing xéc dinh theo cong thic: g JyHydv 3(53)

_[\p‘zdv

suy ra tir phuong trinh Schrédinger vi€t cho phan ti: Hy =Ey, trong d6: H i todn tir
Hamilton bi¢u dién nang lugng E cia orbital phan tir y.
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N¢u thay biéu thie 3(52) vao 3(53) thi ta s& thdy E 12 mot ham cia céc bién s6 C:
E=E(C,, C,. ...C,). O trang thii co ban, nang lugng E clia MO phai ¢6 gia tri cyc tiéu ting
véi trang thdi bén cua phan tir, nghia la phai thda man diéu kién:

OE - OE ] ~ ¢E
oC, oC, B o

-0 3(54)

V& phai clia biéu thic 3(52) chira bao nhiéu AO tham gia té hgp thi trong 3(54) s& ¢
bay nhiéu phuong trinh. Thay cdc gid trj ctia cac hé s6 C tim duoce tir diéu kién 3(54) vao
phuong trinh 3(52) ta s€ duge MO,

Dé don gian, ta xét MO duge a0 thanh tir hai AO va trén ¢o s& d6 ¢6 thé suy ra MO
cho truting hop ¢é nhiéu AO tham gia vio 16 hop tao nén.

D61 véi MO do hai AO vy, y, 16 hop tao nén thi ta cd:

y=Cy, + Gy, 3(55)
a—E =0; ﬂE— =0 3(56)
oc, ac,

Thay biéu thitc MO & 3(52) vio 3(53) ta duge:

I
_ J(Cowy + Coy Y H(C y; + Coyy ddv
JCrw +Cay)Pdv

E

_ Ci [wy Hy dv + C,Cy [y, Hyydv + C,C, fyy Hydv + C3 [y, Hyydv
C} [widv+2C,C, fwyyadv + C3 fyddv

35T

bat  H, = [y, Hydv

H,, = [y, Hy,dv = [y, Hy,dv=H,, (vi H 1a todn tir tuyén tinh ty lién

hgp va cdc ham y,, y; 1a cac ham thuc)
H;, = Il],lz Hy,dv
Su= fwwdv = fyidv

S, = IW|W2dV =3

[¥s]
T
He

|

= IWz‘Pzd" = _[W%d"
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Thay cdc ki hiéu trén vao 3(57) ta c6:

g - CiHy +2C,CoH,; + CiHy
CiS,; +2C,C,S,, +C38,,

hay:  E(C}S,, +2C,C,S,, +C385,) = CIH,, +2C,C,H,, + C3Hyp,) 3(58)

Ldy dao ham 3(58) theo C, va chii y dén diéu kién %— =0
I

aaC—E(Cfs,, +2C,C,8,; +C38,,)+EQC|S;, +2C,8,,) =2C,H,, +2C,H ,
1
Tir d6 suy ra: (H,, -ES,)C, + (H,;-ES,,)C, =0

Va tuong tu, n€u lay dao ham 3(58) theo C, va chid ¥ dén diéu kién ok _ 0 thi ta s&
2
duge : (H,, -ES,))C, + (H,,-ES;,)C, =0

Vay ta ¢6 hé phuong trinh dé xdc dinh C, va C,:

(H,, -ES,,)C, +(Hy, - ES,,)C, =0

Pé C, va C; la cdc nghiém khéng tim thudng (C, # 0 va C, # 0) thi dinh thitc:
H“_E‘Sll HIZ'ESIZ = 3(60)
Hy -ESy Hpy-ESy|

Giai phuong trinh bac hai 3(60) ta s& tim duge cdc gid tri nang luong E.

boi v6i trudng hop cé n orbital nguyén tir tham gia t6 hop dé tao MO, ciing bing cdch
trén ta co:

(H” = ES| ])C] + (HIZ 'ESzz)Cz +..+ (H]n - ESln)Cn = 0
(H2| -ESZI)CI + (sz - ESzz)Cz + ...+ (HZH 'ESzn )C“ =0

3(61)
(Hpy -ES, )G +(H,; -ES0)Cy +..+ (H,, -ES,,)C, =0
va:
H,, -ES,;, Hp-ES;5 .. H, —ES,
Hy, —ES;; Hy —ESyy H,, -ES,, -0 3(62)
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3.4.2. Phuong phap MO cho phan tir ¢é hai nguyén tu giong nhau

3.4.2.1. Bai toan H;

Né&u bai todn cho H va céc ion gidng H 1a ¢ s& dé€ xét cdu tao cha nguyén wir va bai
todn cho H, la co s& cho ta xét lién két codng héa tri theo phuong phap lén két hoa tri th

bai todn Hj s& gidp ta gidi thich lién két cong héa tri bang phuong phip MO.

Hé¢ H; gém hai hat nhan (hai proton) 1 va 2
va mot electron chuyén dong trong trudng hat
hat nhan dé.

Khi & gdn hat nhan 1 (hinh 3.30), electron chl
yélu chiu sy tuong tic cua hat nhan 1, con tuong tic
cla hat nhan 2 12 khong ding ké.

Vi vay, ham séng mdt electron cia phan tl
(MO) trong trudmg hop niy ¢é thé xem nhu ham
séng mot electron cia nguyén tir [{AO) la y,.

Nguoc lai, néu electron chuyén dong gan hat
nhan 2 ¢hinh3.31) thi MO cha electron cé thé
xem gan véi AO cta nd trong nguyén tir thit 2 12
Y.

b6 chi méi la hai truong hop gidi han.
Trudng hop téng qudt \ng v6i trang thdi thuc
trong Hj s& 1a trudng hop electron chiu &nh
hudng tuong tdc cla ca hai hat nhan | va 2
(hinh 3.32 nghia 1a orbital phan tir y cua
electron phai mang dac diém clia cdc orbital
nguyén tr g, va v,.

Theo nguyén 1y chéng chét trang théi ta ¢6:

v =Cy, + Gy, 3(63)

Muc dich clia bai todn nay la:

-2

. v
Hinh 3.30. H¢é H; khi electron ¢
gdn hat nhdn 1.

I I
1 2
+e R te
Y
Hinh 3.31, f¢ H; khi electron ¢ gdn
hat nhdn 2.
-e
I r
1 2
+e R +e
y =Cy,+ Gy,

Hinh 3.32. H¢ H § khi electron hiong
tde vai od hat hat nhdn | va 2.

- Xéc dinh MO y cua electron trong ion phan tir H, |, trong dé y,, , chinh 14 cdc AQ

cua clectron trong nguyén tir I ma ta 43 bict. Do dé, ta chi can tim C,, C, thod min diéu

kien 3(56) 1a biét duoc .

- Tinh gid tri nang lugng E cua cdc MO y
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~ 2 2
Hy = — "2 vi-&
8n m, I
H dv
Vay = Aty g 3(67)
R fwidv

Daoi véi tich phan S:
Néu thay y,, y, bang cic biéu thiic ham séng cba nguyén tir H & trang thai Is

W = ﬁe_“ W, = j—ie‘” vi sau khi 14y tich phan s& duogc.

3(68)

Tir bi¢u thic nay ta thay khi R—>o thi S— 0 (ham mii e ®1ién 16i 0 nhanh hon cic s6

hang khdc trong ddu ngodc). Con khi R = 0 thi S =1. Vay, trang théi thuc ca H3 Gng véi
gid tri cha S trong khoang 0< S< 1.

boi vdi tich phian H),.
Mulliken da tim duge moi lién hé sau day gilta cdc tich phan H,,, S vi E:

H,, = kEy [y, y,dv = kE, S

369
O trén ta da biét khi R — o thi $ = 0, vay ta c6:
H]z :0 3(?0)
Ram
Hy =Ey
) L . Hy,£Hj,
Tém lai, khi R 5 thi {$=0 —2>E=—7""%=H,, =E,
18§
Hj; =0

Trang thdi ma nang luong cha H3 bing nang lugng cha electron trong H goi 1a lrang
thai khong lién két.

Khi 0 < R <, § > 0 va tinh todn cho bi¢t H, < 0, H,; < O nén

CH o+ HL;

E,
1+S8

<E, 3(71)

nghia 13 nang lugng cha electron trong H3 thdp hon nang lwong trong H. Néi cich khic

E, la nang lugng cla electron & trang thai lién k&€t E, = E,, va 115 16n tai bén hon.
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_Hp-Hy

Nguge lai E
guac l1a 2 -5

>Ey | 3(72)

Chitng t6 nang lugng cua clectron trong Hj 1én hon ning lugng trong H. Trang thdi nhu
vay goi la trang thai phan lién két (chéng lién két) E, = E,,.

- Orbital phan tit lién két va phdn lién két

Tuong ing v6i hai gid tri B, va E,, s& c6 hai orbital phan tir lién két va phan lién két:

Tir phurong trinh ddu ctia hé phuong trinh 3(59)

C, _ H,-ES 3073)
C2 H“ “E
Thay E = B, = Tz 030 5093y,

Hoo - Hll*.”.l__z_)s
[ 148 _ H_,8-H,,

= = =1
C, _(Hpy+Hp H,S-H,,
Hy,

1+8

Suy ra: C, = C, = Ny, goi 12 hé s& chudn héa clia ham séng lién két 'qj.,k. Thay cic hé so
C =N, vio 3(63) 1a ¢cé:

Wi = Ny (yry + y,) 3(74)
Tir diéu kién chuan cha y, va clia cdc ham y,, y,
fwidv =N fy, +y,)?dv=N} [wadv+ 2 [y wadv+ j\p%dv]z [

1

V2(1+8)

= NLQ2+28)=1 — N, =

1
Wi = ===, +/3) 3(73)
KT Rass TR
5 Hy-Hp . .
Tuong ty, n€u thay E = E = s vao 3(70} ta duge C, =-C, = N, va:
Won = N - ) 3(76)
1
Yo = ——=Y| —\3) 37
plk 21-9) | — Vo
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D¢ thay ro ban chat coa lién két cong hoa tri ta binh phuong hai vé cha cdc biéu thirc
3(74) va 3(76):

Wi = N (yi +2y,y, +y3) 3(78)
Wak = N2t —2v,v; +y3) 3(79)

Nhwr vay, & trang thdi ing véi ham y,, thi mat do ddin may electron & ving khéng gian
gilta hai hat nhin nguyén tir tang 1én, hai hat nhan bi hit manh 1am gidm ning luong cla
electron trén orbital phan tl v, so vdi trén orbital nguyén tir trong H va do d6 lién két héa
hoc treng H3 duge hinh thanh.

Néu ham séng 1a phan hién ket y g, thi mit do dim mdy electron viing khong gian gilta
hai hat nhan giam di, hai hat nhan diy nhau din dén sy ting ning luong cla electron trén
orbital phan tir phan lién k&t y,, so vai trén orbital nguyén tir H va do d6 lién két héa hoc
khong thé duoc 1ao thanh.

Viay, ban chit caa fién k&t cong héa (ri theo phuong phap MO cang 13 tuong tde inh
dicn gitda ede hat nhn nguyén tr va electron.

Céc két qua tim duge ¢6 thé biéu dién bang so db nang lugng va cac orbital tuong ting
saut day (hinh 3.33)

Enlk> En Wk = We = Ny (g - y13)
Ey

@ @
Ey < Ey * Wi = W, = Ny + wy)

B
A

Hinh 3.33, Sa d6 ndng hiong ede MO ciia Hj .

W, goi 12 ham 1é (u lay ti tiéng Pc ungerate: 1€) 12 ham khong ¢6 d&i xdng tam, nghia
13 khi hodn vi y, va vy, qua tam diém cta doan nd&i hai hat nhan thi y, s& d6i ddu,

v, goi la ham chén (g 1ay tir ti€ng Dic gerate: chan) Ia ham d6i xiing tam vi né khéng
ddi dau khi hodn vi y,, y, qua tam cha doan ndi hai hat nhan.

Trong H3, d trang thdi lién két, electron duy nhat s& & trén orbital .

Bing cich tuong tu ta c6 thé khao sdt lién két cong hda tri gilra hai nguyén tr A, B bat
k¥ tao nén phan tlr AB va gidng nhu 3(66) ta cé:

_ EA iHAB

3(80
1+8 (80)
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trong dé: Hapg = [wa Hygdv =kE,, [y wgdv =kE .S 3(81)
E, = E’-‘;i <0,k » 0, 12 h¢ s6 1] le.

3.4.2.2. Cdc dieu kién can thiét dé cic AO 16 hyp véi nhau tao thanh MO

Khong phii khi nao cde AO ciing t6 hop duge vdi nhau dé tao thanh MO. Sy t8 hgp dé
chi xay ra khi thoa min 3 diéu kién sau day:

1. Ning lugng ctia cic AO phai gdn nhau E, = E,
2. Cdc AO wy, v2 yj, phai xen phi nhau manh

3. Cdc AO y, va y, phai cling ¢6 mot tinh chat déi Xung déi vé1 dudng noi cic hat
nhan nguyén i - truc lién két.

Ta s& chiing minh 3 diéu kién trén:
1. D¢ chimg minh diéu kién nay ta phai diing phép phan ching,.

Gia thi¢t rang E, << ¥, vi nhu trong phin cdu tric electron nguyén tir ta da biét gid tri
nang lugng xdc dinh kich thudc cioa orbital nguyén tir. Theo gia thiét E, << E, do dé
T,<<fy, ddn den tich y,p, la mot s6 nhd vi S = Jy,y,dv cling 13 mot s6 nhd va theo 3(81)
thi Hup 5€ €6 gid tri khong ding ké, cé thé bd qua, nghia la:

E: l_EA +‘[-]‘AB zE

1+8 A

Bitu d6 chimg td ring khi ning luong cha cdc AO khéc nhau nhiéu thi ching khong
thé t6 hop duge v6i nhau va nang lugng clia MO trong trudng hop nay khong khic véi
nang lugng AO (E = E,), do d6 clectron c6 xu th€ & lai trén cde AO.

Nhu vay, muén ¢6 t6 hgp duge giita cdc AOthi E, ~ E,

2. Tu ching minh di¢u kién 1 ta thiy n€u tich phan xen phli ¢6 gid tri nhd (xen pht
yéu) thl dan dén bo qua gid tri cia H,, va do d6 E = E,, va 16 hop khong thé xay ra duoc.
Vay, mudn cho cdc AO 16 hop duge v6i nhau dé tao MO thi cic AO phai xen phil nhau
cang manh cang tot.

3. Su dinh hudng twong hd gilta cic AO ciing s& quyét dinh dén kha nang 16 hop clia

ching.

Theo 3(81) va kE,, < 0 nén ddu coa H,, phu thude vao daucia S. Vi S = Jq;,\wgdv nén
dau cha S va do dé ddu cua H,, phu thudc vao dau cia tich YAl tife la phu thude vao su
dinh huéng tuong hé giita cdc AQ v, va y,.

- Néu sy dinh hudng 1am cho S < 0, do dé H,, > 0, E > E, thi ta ¢6 trudng hap phan
lién két.
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Thi du:

Yy, <0 W, <0 Yoy, <0
HO) O ((+)

- Néu sir dinh hudng sao cho S = 0 thi Hyy = 0 vi do d6 E = E,, nghia la ta c6 trudng
hop khong lién két.

Thi du:

Trong trudng hop nay tich phan S chia 1am hai phan bing nhau vé do 16n nhung nguge
ddu nén triét tiéu [an nhau (S = 0).

- N€u sy dinh hudéng tuong hd gitta cdec AO din dén S > 0 via do d6 H,z< 0, E < E, thi
ta ¢ truomg hop lién két (cic electron s& chuyén tir cic AO sang MO lién két vdi su gidm
ning luong tao thanh phan 1ir AB).

Thi du:

Yo, >0 Wy >0
(-)-) (-)(-)

Su xen phu xady ra doc tryc fién két & tao cdc MO lién két o (con ki hicu 1a G, vicé doi
XUng tam) va cic MO phan lién két ¢ (con ki hiéu 14 o, vi khong d6i ximg tam).
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Thi du:
AQ Xen phu cac AQ _ MO
: trir xen phi .@ .e oo (o)
@ (Wa -Wp)
A B
A B A B cong xen phi r e o, (C,.)
Wa Wa (s +p) ®
A B

trir xen phi 6 (0} )

@*} o ( ) ; ;
(Vs -Wp)

OD - OO~O@O v

A B A B cong xen phy @@@@ G, (G,,)
W Wi
A B

(Wa +iy)

Con sy xen phu doc theo cic dudng vudéng géc vai truc lien két s& 13 xen phu y&u dan
101 tao cac MO lién két = (hoac w, vi khong ¢é d6i xing tam) va MO phan lién két o’
(hode 1t vicé d6i ximg tam):

AOC Xen pht cic AO MO
(rir xen phi @ LN
+ (Wa -Yg) ” “\Qe ® B
A B ; . +
cong xen phu Q m, ()
(Wa +yu) T A® °B

Bén canh cdc MO, ngudi ta con ghi thém cdc ki higu Is, 2p, ...dé chi 16 cic MO duge
t6 hop tir cic AO nio.

Thi du d6i vai H3, su 16 hop cidc AO cia H & trang thdi 1s din Gén tao MO lién két a,.

(hodc o, Is) vi MO phan lién két o), (hodc o, 1s).
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3.4.2.3. Cau tric electron cia phan tir

- 86 luong (o phan ti

Trang thii clia electron trén cic MO duge dic trung bang cdc 56 lugng tir phan tir [} va
A tuong ng gi6ng nhwr cdc & lugng tIr ¢ va m trong nguyén tir:
Trong nguyén tir Trong phan ta:
£=0,1,23. [n1=0,1,2,3..
3(82
AQO: 5 P d. f! MO: ., T[,IS, o, ... ( )
Hinh chi€u cia momen dong Hinh chi€u cha moémen dong
lrgng lén truc z cha L trudng: lugng 1én truc z cua phan ur:
M,=m# M, = Ak
' 3(83)
m=0,+l,42, £.. A =0, 51,2, *.

- 856 electron cuc dai trén mot MO

Ta hay xét dén cdc electron s, p, d,..., & trong nguyén tlr, khi tao thanh phan tir thi
ching s& chuyén sang MO nao va & trén mbi MO ¢6 thé chira t6i da 1a bao nhiéu electron.

Dya vao két qua bai todn H; ta thdy khi tao thanh HJ, electron Is (£ =1, m = 0) trong
nguyén tir H s& chiém MO o, (| = 0, & = 0). D H} t6n 1ai bén, nang luong ciia electron

trén o, phai gidm di so v6i trén AO Is. Nhu vay, electron s trong nguyén tit chi ¢6 thé trd
thanh electron o, trong phén ti.

Tuong w, ta ciing ¢6 thé biét rdng céc electron p (=1, m = 0; £1) cla nguyén tir khi
chuyén sang phan (i s& ¢4 cdc s& lugng tir phan tir1a A = 0; +1 va P\‘ =0; 1, nghia la cic
electron p chi ¢6 thé chiém cdc MO o, (l?\.‘ =0yvam, (o =1).

Con cac electrond (£ =2, m =0; + 1;  2) trong nguyén (i s& ¢ cic s6 lugng (& tuong
ting 1a A = 0; £1; £2 va [4|=0; 1; 2, nghia la cic electron d s& & trén cdc MO o, (A =0),

m (A =1y vad, (| =2).

Theo nguyén 1y Pauli, trong nguyén tir, mdi gid tri clia s& lugng tir m s& c6 hai gid tri
‘cla s¢ lugng tr m, twong tng vdi 2 electron c6 spin nguac chidu nhau. Ciing tuong ty nhy
viy doi v6i mot phan tlr, nghia 13 orbital o (A = 0) chira 161 da 1a 2 electron v6i cic s6

lrong tir spin m, = %va m, = —%va ki hiéu 12 . Orbital n (A = I, A = -1} s6 electron 16i

da la 4: hai electron ¢é spin nguge nhau (mg véi A =1 va hai electron khac cé Spin ngugc
chiéu nhau tng véi A = -1, ta ¢6 ki hicu n'. D6i véi orbital § (A =2, % =-2) cling ¢6 thé
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chia 161 da 1a 4 electron, ki hiéu 13 §*, trong dé hai electron ng v&i A = 2 va hai electron
ung vai A = -2,

Nhimng diéu ndéi trén ¢6 thé tém tat trong bang 3.7

Bang 3.7. Sw chuyén tuang iing electron tiv cde AQ sung cdc MO

Trong nguyén tir Trong phan tir
Vo electron bﬁéo tquba trong | ;4 m W A Nllfﬁln electron df‘iy
. hguyén tu du trong phan 10
§° 0 0 0 0 Gl
p° i 0; £1 0. 1 0.+ 1 oamy
4 2 [ 0.£1,£2 | 0,1.2] 0,41, 42 oinls]

- Ndang luong cha cde MO
Nang lugng cia cdc MO phu thudce vao loai AO va mutc do xen phi gita cdéc AO dé6.
Thi dy: Cdc MO o,, va 0?5 ¢o ndng lugng thip hon nhiéu so véi o,, vi nang luong cia

AO 1s thip hon nhiéu so véi AO 2s. Tuong ty, nang luong clia AO 2s nhd hon nang hrong
cta AO 2p nén nang lugng cla MO o,, nhé hon nang lugng clia MO o,, va nang lugng cla

MO cr;qnhé hon ning lugng cda MO G;P... Ngoai ra, hai orbital 25 hodc hai orbital 2p
thudc cdc nguyeén tir tham gia 5 hgp orbital ¢ s& xen phi manh hon so vdi cic orbital 2p
tham gia tao orbital . Do dé, nang lugng tuong \ing cia cic orbital phan tir dé phan bo
theo trdt : Oy, <Oy < My <70y, < Oy
Trén co s& diéu vira phin tich, ta thdy niing luong cia cic MO phéan b6 theo thit ty tang
dédn sau day:
0;, <O <0y <O <Oy, <My, <My, <O, ...

3(84)

- - [ L >
hoic Oty <Ouis <Oz <Oyg, <0y, <My, < Maap <O yzpee

Néu cdc AO 2s va 2p ¢6 nang lugng gin nhu nhau E,, ~ E,, (diéu kién lai hda bén) thi
AO 2p s& tham gia 18 hop vdi AO 25 dé tao thanh MO o,, va MO o5,

Wioy) =C|("P'2sA +W293)+C2(W2PA +Wop, )

Nhu vay, 1a khi tao o,, va cgstro'ng trudng hgp nay ngodi xen phi giita cic AQ 2s con

¢6 su déng gop cua xen phit gilta cdc AQ 2p, do d6, nang lugng clia o,, Vi o, gidm di so
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v&i trudng hop chi ¢6 xen phi gitra cdc AO 2s. Nhung ciing vi vy ma su xen phi giita cdc
AO 2p tao MO o,, va G;p s€ bl giam di, nghia l1a ning luong clia o,, va U;p ting 1én so vdi

truong hop khong 6 xen phil gitta cdc AO 2s va céc AO 2p. Ta c6 thé thiy ré hon diéu
vira néu qua sd do nang lugng sau (hinh 3.34).

E A
M :
J Cap
G;P ) B
—" &
O
B ™
: ™ M
UZS L
I_I U‘
| ~ 2%
Ty D
Tn

25

Hinh 3.34. So dé6 nang legng cic MO 03, 63, 6, Clp
a. By < Eqy b. Ey~E,,

K&t qua 1a s& lam thay déi trat tu niang lugng Ty VA Oy, trong diy 3(84), cu thé ta ¢

*

* % ¥

O <O, <Oy <0, <My, <Gy, <My, <Gpp. 3(85)
* *

<1,

L4 .
heac G, <Oy <O e2p <Ou2p--

®
L s O <My

<3,

fLo3 P B2p

Nhu ta da bi€t, trong cic chu k¥, khi di tir trdi sang phai, sy khdc nhau gifta cdc mitc
nang lugng coa AO 2s vi AO 2p tang 1én cho nén trong tdc gitta AQ 2s va AO 2p giam di.
Thi dy trong chu ki 2, kha nang AO 2p tham gia 16 hgp véi AO 2s gidm di tir Li dén F.

- Cdu triic electron phdn tii

Cling nhu d6i v6i nguyén tu, xdc dinh cfu tric electron clia phan tir tifc 1a xét dén sy
phan bo electron trén cdc MO theo cdc nguyén 1y vimg bén: Tuan theo thit ty nang luong
trong day 3(84) hoac 3(85), nguyén ly Pauli (trén mdi MO c¢6 thé chifa 2 electron véi spin
ngugc nhau) va quy tac Hund (electron ¢6 xu thé & trang thdi doc than) déng thdi phai chi
y ring mudn bi€t phan tir ¢6 16n tai vilng bén hay khong thi cdn phai tinh dén tng s6
electron & trén cdc MO lién két va t6ng s6 electron & trén cic MO phan két. Tinh todn va
thyc nghiém cho biét ¢it 1 electron trén MO phan lién két 58 1am mat tic dung cha mot
electron & tréen MO lién két (hiéu nang luong cia ching bing 0). Qua dé, ta thdy s6
electron lién két ma bing s& electron phan lién két thi phan tir s& khong duge tao thanh. Vi
vy, mudn cho cdc nguyén tir lién két v&i nhau tao thanh phan tir thi tdng s6 electron lién
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ket (Ze, ) phai I6n hon 18ng s6 electron phan lién két {Zeyy). Trong truong hgp nay, do boi
lién két (dblk) hoac bac lién két lién két s duogc tinh nhur sau:

dblk = &'L—E_Z_eﬂ 3(86)

D¢ tien biéu dién, cling nhu d6i véi AO, mdi MO duge ki hiéu bing mot 6 lugng tir{ |

Trén co s coa nhitng van d€ da dugc trinh bay & trén, ta xét cdu tric electron ciia mot
s6 phan tir sau day lam vi du:

p E ol
1. Ton phan i H3: D
Electron duy nhat clia H} chiém MO
lien k€t o, Vi vay, H3 c6 thé 16n taj AOls'. ,l IiAO T
bén. Nang lugng lien k&t clia né 1a 61,1 (H) 7 HY
kcal/mol va ciu tric electron s& la “'
H[o},). ol
HT
2. Phan tir H, (Ha)
Hai electron cia hai nguyén tir H ¢é .
thé & trén cliing MO o,, v6i spin nguoc A E O
nhau. 6 bdi cla lién két trong phan tir H, D
la: 2—;O =1, do d6, phan ur H, bén, ning e \\‘\,\

. . 4'1" .‘
lwgng lien két cia H, bing 1032 AOls]\ , AO Is'
kcal/mol, cau tric electron cia né 1a H, (H) Ny el (H)
(o). -

o,
3. Ion phan tir Hes (H,)
He[ls’] + He'{ls'] » He}[o’o)!]
4 E ULI
Trong He,, trang thdi o, di bdo hoa,
electron thif ba s& duge dién vao MO o,. e T
Vay, He; <6 cdu irdc electron la —2@]
. AOLs? ~_ " AO s
Heg(ci‘.cl: }. Trong Hej 6 hai electron (He) Y o (He")
lién két va | electron phan lién két. Do \@'
b
- . . oy
boi s& 1a -1 vd He; tdn tai bén vdi b,
2 2 (Hel)

nang tugng lién két 14 69,2 kcal/mol.
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4. "Phan tir He,"

He[!s’} + He[ls’] -> He, [o}0] )

Electron thi tu ciing ¢6 thé & MO o),

nhung cé spin ngugc dau vdi electron thir ba.
Nhu vay, d&i véi He,, ¢ hai electron lién két
va hai electron phan lién két, Do béi clia lién

két bang ¥=0, do d6, phan tr He, khong

tOn tai.
5. Phan tir Li,

2

Li[1s?25'] + Li[1s’2s'] - Li, {6},0,203,

]

Hé nay c6 6 electron, s6 electron lién két 1a
4, s8 electron phan lién két 12 2. Do boi sé& 1
1, ndng luong lién két trong Li, la 25
kcal/mol. Cau tric electron cta Li, ¢é thé viét
Li,(KK 63,). Méi chit K biéu thi hai electron &
16p K cia mdi nguyén tir Li khong tham gia
lién két.

6. Phan (i N,

139
4 E 5;3
AOlLs® ™~ ,/: AO 1§’
{He) ‘\\@ ’,/’ (He)
ol
"He,"
A E 055
ol Fr
A0 2s" ™~ ,/ AO 24!
(Li) \\\@ o (L)
o3,
(Liy)

Khi tao thanh lién két, trong N, ¢6 tuong tic gilta cdc AO 2s va AO 2p.

N[1s?25?2p"] + N[1s*25?2p*] - N,[KK o3,

b1

2
2p

]

*2_4
25 "2pC

G!
2p

AO 25

(N}
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Do boi lien két 1a 3, do dai liéen két R,= 1.10/‘\\!51 nang lugng lién két la 224.8
kcal/mol.

7. Phan tir O,
Trong phan tir O, khong ¢6 tuong tdc gitta AQ 2s va 2p.
O (15725°2p*} + O (15°25'2p*] - O, (KK 63,6,203,73, 752 ]

. 2 %2 2 4 %2
Hoac : O, [KK 02,042,0 42p Tuzp T2, ]

Do boi cha lién két 1a 2, do dai lien két 1a R, = 1,21 A vi ning luong lién két 1a 118.2
Kcal/mol. Phan tit O, ¢é du 4 electron lién két (ng vai su tao thanh 1 lién k&t o va | lién
ket n. Trén MO TE;pChi mdi ¢6 2 electron, theo quy tic Hund, 2 electron nay phai c¢é spin

song song vdi nhau do dé, trong O, van con cdc electron tu do, nghia 12 O, ¢é tinh thuan

tir, 4 E
S2p
] B ] Y
,'/ "2p Mp
L NN
4 T
AQ 2p AO 2p
N “%P @ T/
Gzp
o5
l/”’ ‘\N.\\ I_I
S —t
AQ 2s o3, i AO2s
- n .
(O) (MQ) (O)
(0,)

Né&u tach tir MO n;p cua phan tit O, mét electron ta s& duge O3 vdi do dai lien két Ja

[H]
1L1ZA.

Néu thém vao MO n;pcﬁa phan tr O, mot electron thi k&t qua s& cho O3 vdi do dai

lien ket 1a 1,26 A . bac lien két 1a %
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Néu them 2 electron vio MO 7, ciia phan tir O, thi ta & c6 02 véi do dai lien ket 1a
1,49 A vi bac lien ket Ia 1.

3.4.3. Phuong phdap MO cho phan tif ¢6 hai nguyén tir khac nhau

Tat cd nhitng noi dung di trinh bay trong phuong phdp MO cho phan tir ¢6 hai nguyén
tir giong nhau van diing cho trudng hop phan tif ¢6 hai nguyén tir khac loai.

Riéng d6i voi phan tir ¢6 hai nguyén tir khac nhau, cdc MO sg khong ¢6 tinh chat d6i
Xung tam cho nén ta bd cdc ki hiéu g va u bén canh cdc MO (chi ding céc ki hiéu & hang
dau trong day 3(84) va 3(85).

Ning lugng cha cdc AO clng loai thudc 2 nguyén tlr khac nhau (thi du AQ 2s, va AO
2sy;) s€ khdc nhau. Nguyén t§ nao ¢é d6 am dién 16n hon thi AO cla né ¢6 nang lugng
thdp hon. Gid sit nguyén t6 B c¢6 d6 am dién 16n hon nguyén (6 A, ta c6 so dé nang luong
sau: E

AO25 AE
‘I." ------ ; 4 ZSB
(A) \ ] /(B
0-25
(AB)

Hinh 3.35. So dé ndng luong cde MO
cita phdn tie AB (x5 > 7,).

Su khdc nhau gilta cic mic nang lugng AE clia cde AO cang nhiéu thi tinh chét ion cia
lien ket cong héa tri cang bi€u hién r3, nghia 1a lién két cong héa tri cang bi phan cuc
manh (d6i vdi lién két cong héa tri thudn tiy AE = 0). N&u mdi nguyén tir A va B gép mét
electron dé€ tao thanh lién két thi cap electron ding chung dé s& i¢ch vé phia nguyén tr B

nhiéu hon vi ning lugng cia MO o,, gin v6i nang lugng AO 2s, hon Ia nang lugng AO
2s,.

Biéu thitc todn hoc clia cic MO trong trudng hop nay ¢6 thé viét:
Wik = Ni(Wa + Ayp) 3(87)
Yo = Nplk(WA - Ayp) 3(B%)

trong d6 A 12 hé s6 khic 1 (A # 1) dac trung cho miic dd phén cuc cia lién két cong héa tri
(d6i v6i lién ket cong hda tri trong phan tlf ¢6 hai nguyén tir gidng nhau tht A = [).
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Thi du: Xét phan tir CO:

HOA LY - CAU TAO PHAN TU VA LIEN KET HOA HOC

C [1s%2572p*] + O {15%2572p"] - CO [KK ol .o
Trong phéan tir CO ¢6 6 electron lién két tao thanh 1 lién két o va 2 lién két 7.

324 2
25“2[102]
E oy
A 2
1
[} 1
i 1‘[’ T[' \l
;‘ 2 p 1
i | I | i 1
l"f \l-.
[ AR
1 1
"
peniliiling !
Pc l'\\
W 2 g
H Y Olp -~ ! AO 2pn
LY r
1 \ e t
1

Hinh 2.3B. Ser do ndng liromg ciia cde MO trong phén nr CO.

Ciing nhu phuong phédp lién két héa tri, phuong phép orbital phan tlr cho thiy ciu tric
hoc va hda hoc cia N, va CO.

electron ciia N,, CO gidng nhau, dé 14 nguyén nhan cba sy giéng nhau vé cdc tinh chat 1y
3.4.4. Ung dung phuong phap MO phan ti ¢6 nhiéu nguyén ti
Phuong phiap MO (ng dung cho phéan tir ¢6 nhiéu nguyeén tir, vé co ban, ciing giong nhu

cho phan tir ¢6 hai nguyén tir. Phan tir ¢6 2 nguyén tir ¢con goi la phan olr ¢é 2 tam, Phan tlr
c6 nhiéu nguyén tir s€ ¢6 nhiéu tam. S6 1dam bang s6 nguyén tir trong phan 1.
- Phiin ti BeH,

Phan tir ndy ¢6 3 nguyén tir nén cdc MO clia né ¢6 3 1tam. Cic MO trong Bell, hinh
ba tam la a, va o, :

thanh nhd t6 hop cdc AO 2s, AO 2p clia nguyén tir Be va AO 1s clia nguyén tr H.

Su t hgp cdc AO Is clia hai nguyeén tir H v&i AO 2s clia nguyén tir Be sé tao ra cic MO

Y (00) = cun - ey, + W, )

LPI+(G\) =Y, + Cl(]‘”lsﬂ + Wlsh )
Hinh 3.37. So dd tao thanh cde MO o, va o, ciia phan nt Bell,.
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T6 hop AO 1s ca hai nguyén tlr H vd AQ 2p, clia nguyén tir Be s& tao nén cac MO 3
tim o, va c: vi chi ¥ riang vi y,, cia Be ¢6 hai phin nguge diu nén phai ldy

(l‘pls&t _q"lsh)

W0 = ey +ea{ Wy, — Wiy, )
Hinh 3.38. So dé tgo thank cdc MO o, vd 0‘; chia phan nr BeH .

Trong nguyén tir H khong ¢6 cdc AO ¢6 kha nang tham gia tao MO n cho nén AG 2p, ,
AO 2p, cua Be khong tham gia tao lién k&t héa hoc. Trong BeH,, ching 12 cic MO n &
trang thai khong thay déi so v4i trong nguyén 1 Be va dugc goi 1a cdc orbital khong lién
ké‘t (T[KI_K).

KL K

2
(Py}

MLk
(2p,)

Hinh 3.39. Cdc MO =, trong phdn 1t BeH ,.

So d6 cdc mifc nang lﬁqng cla cdc MO trong phén tlr BeH, c6 thé biéu dién sau day,
cidn chd ¥ rang nang lugng cla cdc AO cita H thip hon ning luong cla cic AQ Be (vi

X#>)r) bON electron héa tri trong BeH, duge phén b6 trén cic MO o, va o,: BeH, (cfcf)
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Hinh 3.40. So d6 nang heong ciia cdc MO irong phan tir BeH,.
- Phdn ti BeF,:

Su 16 hgp cic AG 2s va 2p, cla nguyén tr Be va 2p, cia hai nguyén tir F tao thanh cdc
MO o,, o, (hinh 3.41) va o, ,6, (hinh 3.42).

Y, (Us )= CSsz&. +C4(w2px[;.ﬂ + WprFh )

Hinh 3.41. Se d6 1o thanh MO o, va c; trong BeF .
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2pxpe

2px Fp

V(o) =coy,

)

- Cx{yfs

PXBe poia M 2psyy

Hinh 3.42. So dé tao thinh MO o,va o, 1rong Bef ..

St 16" hop cdc AO: 2p,, 2p, cla Be
vél 2p,, 2p, cla hal nguyén tir F s@
duge 2 MO & (n,, @, - hinh 3.43), 2
MO =" (ny.m, - hinh 3.44) va 2 MO =
khong lién két (hinh 3.45).

lP( T[: ) = C”prZ[k _CIZ(Wlsz + "Uqu_-h)

Hinh 3.44. MO TIF,LK 3 tim trong BeF .

10- CTPH.KHH

7z

¥(n,) =CoWopy, T C0lWap, . W, )i

Hinh 3.43. MO =, 2 tdm trong BeF .,

Zp

ﬂzKLK

|
lP(ﬂ!KLK) == {HU T W ey, )
V2 !

Hinh 3.45. MO =, 3 tam trong BeF ..
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Tuong te nhu vay ta ¢6 thé bieu dién cidc MO =, n. vi my  doc theo truc v,

¥

Nhu vay, sur phiin bo electron héa tri trén cic MO trong BeF, € la:

1

3 2.2 +
BCFE[ O G.\TE_\',/.T[)'J. KLK ]

Hinh 3.46. Sa oI nang heong cia cde MO trong phan ni BeF

Cidc phan 1r CO,, CS,, N,0, NOj c6 ciu tric tuong ty nhu BeF,.

-Phdn tiu NI

Nhir ta di biét, trong phan t«t NH;, nguyén tir N & trang thdi lai hoa sp’, trong dé ¢d ba
orbital fai hoa sp’, trong dé ¢6 3 orbital lai héu sp’ cla N tham gia tao 3 lién két o vdi 3
nguyén 1r H, con orbital lai hda sp' thit tr chia cap electron khong chia.

Trong phuong phip MO diéu dé s& img v&i sy phan bé electron trén ba MO o, o, vi

. : X qn [ o2l 2
G, VA cau tric electron cua NH, ¢ 1a | crhcrxcrfoz KLK J
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Hinh 3.47. Sv do ndng liemg ciia cdc MO trong phan ne NIT
- Phdan ti CH,

Trong sy hinh thanh lién két hoa hoc cna CH, cd cdc AO 2s. 2p,, 2p,. 2p, cla C vad AQ
Is ctia 4 nguyén tir H tham gia: T6 hop AQ 25 cla C v6i AQ 1s o, va o. . TS hop cdc AO

2p.. 2p,, 2p, cua C v6i AO Is cua 4 nguyén wr H s&é cho 3MO 5 la 6,. 0,, 5, vA 3MO ¢’ 14

* * *
0.0,,0,.

Su phin bo 8 electron hoa tri (4 clectron cua C va 4 electron ctia 4H) trén cac MO lién

2 o K11 e 2 2 2 2
ket s& cho cau tric clectron CH, {60560} ]

AO2p, 1
: l.I
AO2s, A
LR
1
(O]
\i .l
L
\i ‘\
Ly
VT
\'1 o” o o
1
i
o,

Hinh 3.48. S de ngng lieong i cie MO trong phedn ne CH,
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3.4.5. Phuong phip Hiickel
3.4.5.1. Bai todin

Giai bai todn cho heé nhiéu electron l1a mot viee rat khé khan cho nén trong nhiing
trudng hop doi véi cdc phan tlr phite tap thi du nhu cdc phan tir hydrocacbon khong no (c6
lien két m), Hiickel di dp dung phuong phip MO cho cdc electron tao lién két = khong
dinh cu con goi Ia phuong phdp gdn ding eleciron n. Trong dé, tir bii todn 16ng quit cho
h¢ gom N electron cia phan tir, ngudi ta tach ra bai todn chi xdc dinh cdc ham séng vi cac
mifc nang lugng tuong dng clia cdc electron 7, bod qua tuong téc gilta cdc lien két o va 7.
Viéc lam dé dya vao lap luan rang nhiéu tinh chat cia cdc phan tir nhu cac mire ning
lugng quang hoc, do phan circ, tinh chat héa hoe, lue tuong tdc gifra cdc phan tir,...chil yéu
la do cdc electron n quyét dinh.

Trong phuwong phdp Hiickel , ngudi ta gia thiét ring:

- Tich phan trao déi (cong hudng) déi véi cic ham song khong phu thudc hai nguyén C
ké nhau s& bang khong.

Thi du: H,, = H,, = 0.

C C C
o——0 ot
| 2 [

A lele]
won

- B&i v6i hai nguyén tir C ké nhau (thi du 1 va 2, 2 va 3) thi cic tich phan Coulomb sé
nhu nhau: H; = Hy, = a va cdc tich phan trao d6i ciing nhy nhau: H,, = H,, =H,, = H, =[.
- Tét ca cdc tich phan xen pht bang khong:
5,=8,=5:=8,=8,=5,,=0
Trude tién 1a x€t sy gan ding electron © d6i v6i phan it etylen CH, = CH,, trong dé, hai

nhom CH, duge néi véi nhau bing lien két doi, méi nguyén wr C dong gép 1 electron dé
tao lién ket m. POl vdi he 2 elcctron n nay ta dp dung hé phuong trinh:

H,,-ES,)C, +(H,» —ES,,)C, =0
{( " 16 +(Hy, 12)C, 3(89)

(1121 _ESZ|)C| +(H22 _'E822 )C2 :0

Dé y dén cac gid thi€t wen: H,, = H,, = o; Hy, = H,y, = B; Sy, = Si; = 0 vt diéu kién
chuan hon ., =S, = 1, ta vidl ke phuong trinh 259y & dang:

{(a~E)C, +BC, =0
1+ PG, 3(90)
BC, +(a-E)C; =0
N€u chia haj v&€ clia hé phuong trinh nay cho B va dit
-E
0 g 391)

=
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tht 3(90) s& tro thanh:

xXC+ C,=0
JI 2

_ 3(92)
| € +xC,y =0

Muén cho cdc nghiém C, va C, khdc khong thi dinh thiéc clu hé phucng trinh 3(92)
phdi bang khong, nghia la:

=0 hoiic x2 =1 =0 vi do d6

X =+ 1 vax=-1. Dem thay cac gid tri niy cla X viio 3(91) ta cé:
X=-1->LE=a+p 3(93)
x=+l->E,=a-8 3{04)

Tich phan Coulomb « ld nang lugng cha electron trong cdc nguyén t C biét lap. Ta
nhan duge cac gid tri niang hrong cia cdc electron n trong C,H,. Nhu ta di biél. tich phan
trao doi < 0 nén E, < a. Viy E, 1a nang luong cla crbital © lien két va E, > a la nang
luong cla orbital 77 phin lien két. O trang thdi co ban, hai clectron n trong phan tur C,H,
s& & trén MO 7 v6i nang lugng E,. Diéu d6 ¢6 thé bidu dién bing s¢ dé nang luong nhu &
hinh 3.49:

E4
=
o-p [—_]
L e TR
a-p
TEZ

Hinh 3.49. So dd ndng hirong cde MO xtrong phan e CAif,

Ung v6i hai mirc nang lugng do s& ¢6 hai him séng duoe xidc dinh biang cdch tim cdc he
s6¢ C, va G, trong biéu thic 3(55):

v =Gy, + Gy,

trong d6 y 1a MO « hoac MO =", y, va y, la cic AO 2p da biét trong cdc nguyen tir C, va
Cz.

boi voi MO | ta thay X = -1 vao 3(92) sé duac:

C,=C hoic — = 3(93)
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Muén xdc dinh gid tri tuyét dgi cta C, v C, ta tng dung diéu kién chuan héa cha
fwidv = [(Cyy; + Cyw, Yav =1 3(96)
= C} J'q;lzdv +2C C, _[\plq;zd\-'+C3 j\p%(]v =1

Y, vy, cling 14 cdc ham chuan héu nén:

Im;ffd\r:l, J‘wgdv:l; con tich phin xen phti §, =_[q;;1p2dv:0 (theo gia thiét coa
phirong phap Hiicket).

Vay, 3(96) trd thanh: Cf +C§ =1 3(97)
T 3(95) va 3(97) ta s€ tim duge C, = C, =—\;§ va ham sdéng cla orbital lién két cé

dang: 1p(n):7_l—i (1;!, +-.p3) 3(98%)

Tuong tir, néu thay x = | vio 3(92) ta sé ¢6:

| |
C=— C=-—
2 2
va ham séng cua orbital phidn lién ket sé la:
. I
Wim) =— (y) -y, 3(99)
L)

Biy gitr ta s€ khio sit hé phirc tap hon la goc tr do alin. Cong thirc cia alin ¢6 thé bidu
dién:

CIl, = CH - CH,~ hoic ~CH, - CH = CH,
1 2 3 1 2 3
Di¢u d6 chimg 16 ring lién két n khong dinh cu. Trong alin ¢ 3 electron x. Ham s6ng
cua electron 7 duge xac dinh bang biéu thirc:
y=Cy + Gy, + Cy, 3(100)
trong do w,, y,, v, la ham séng electron 7 trong cac nguyén tir C. Tir 3(61), 1a suy ra hé
phuong trinh thé ky cho cdc truong hgp nay 1a:
(H;, -ES )C, + (H,, -ES;,)C, + (H; -ES)C, =0
(Hy, -S,)C, + 1,, -ES,,)C, +(H,, -ES,,)C, =0 3101
(Hy, - 5,)C, +(H;, - ES;;))C, +(1,, -ES;;,)C, =0
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Xdc dinh ¢iac mic nang lugng E:

Ung dung 3 gia thiét trong phuong phip Huckel:
Hn = H:J =0,
H,=H,,=H,=0: H,,=H;,=H,;=H,, = A
S]_'g = Sz| = SI\ = S\I = Sz.\ = S\Z =0

va diéu kién chuan héa cia cdc ham sdng v, w3, v,
5, =8,=5;=1
Do dé, h¢ phuong trinh 3(101) con lai:

BC, + (. -F)C, + B3C, =0 3(102)

BC, +(a—~E)C, =0

Ta ciing chia hai v& ctia hé phuong trinh 3(102) che B va dung biéu thic 3(91) s& duge:

xC, + C, =0
C +xC,+ C, =0 3(103)
C,+xC, =0

Muén cho C,, C,. C, khic khong cian phai thoa man diéu kié¢n:

x 10
x 1 11
1 x 1 = X | -1 0 =0
01 x| R X
hay X(X*-1)-x=x"-2x=x{(x>-2)=0
do da: x, =0 X, = -\/5; X, = J2

(khi tinh cdc dinh thiic, ta nhan timg phan tir cla hang thir nhit véi cdc phan phy dai s6
twong tng rdi dem cong dal s6 cdc tich da tim duge. Cha y ring cic phan 1 thi e 1, 3,
5....thi tich tuong ng cfia nd mang dau (+), con cdc phan tur tha chin thi tich twong tng
cia ching ¢6 dau(-)

Thay cdc gid tri cua x vira tim dugc vao 3(91), ta co:
Khi x, =0 - E =«

X, =- J2 — E,=a+ J2 B

Xa= 442 — E.=a-v2B
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Qua do ta thdy: E, khong chita tich phan trao doi B. Nang lugng cua electron & trén
orbital phan tr turong ng véi I, gidng nhu nang lugng cua clectron trong cdc nguyen tir C
bi¢t lap, con tich phan Coulomb o biéu thi ning lugng cha electron khi khong cé lien két
héa hoc. Orbital nhu vay poi 1a orbital khong lien két. Electron & trén orbital nay, theo
phuong phap Hiickel s& khong anh huéng dén do bén clia lién két hoa hoc trong phan u
(tuy nhién, trén thuc t&€, khi o trén orbital d6, electron sé g6p phan vao nang luong lien ket
nhung khong 16n va ¢é thé bo qua).

E, ¢6 gid trj thip nhat (vi B < 0) Gng véi MO r lién két.

ILicogidtricaonh@t (Vi< 0 - - J2 3> 0) (tng vdi orbital phan lién két.

So d6 cde mitc nang lugng electron @ va cdc orbital phan tr trong tng trong goc e do

alin C3HS v cde ton clla né 1d C,H4*, C,11,” duoe bidu dién & hinh 3.50.

-2 [3 .

=pts

e

=
z
-

Tk Tk
a-v2 B F 4t

e T T

C'{F{; C_;Hi+ C1l lg_

Hinh 3.50. Su do ndng hiong cde MO ntrong C,HS CAi va C i

Trong C;H35 trung hoa ¢é 2 electron trén MO lien két m va | electron trén MO khéne Hén
gLsH; 4 g

két m,

Trong ion C;H,*(do tich | electron & orbital Mgk trong CzHS sinh ra) chi ¢6 2 electron

mwén m,
Trong ion CiH,™ (do thém 1 electron vie w4 clia C;HSsinh ra) ¢6 2 electron & m,, va 2
electron & n, &.
Xidc dinh cidc him séng w (xdc dinh cdc he s6 C)
Tuong 1ty nhu 3(97) ta ciing ¢6 thé tim duge:
Cl+Ci+Ci =1 3(104)

- Trudmg hop khong lieén két: thay x = 0 vio 3(103) vi sir dung biéu thic 3(104) (a s&
co:
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|
C =—, C_)_ = (), (‘ =-—
V2 NG
Thay cdc gid tri cua cdc hé s6 nay vao 3(100) ta s& dudc:
(n )—-!-— —LU 3(105)
Witk LK, ND) W 5 V3 SARRD

At
Tir biéu thifc nay ta thay ring ddm may electron my « tap trung O gan cic hat nguyén
C, va C, (vi y, khong ¢6 mat trong biéu thirc 3(105).
- D61 vai truimg hop lien két, thay x = —y2 vio 3(103) va ket hop vé&i 3(104) 1a ¢6:

C|=C3=i, CE:
2

-
r\ﬁ‘ -

Va dem thay cdc gid tri cla cdc hé $6 nay vio 3(103) tu & duoc MO w lién két:

1 | 1
HA) ==y, + — y, + — i, 3106
yr(m) 2‘1"1 \!212 2"1’ ( )

3.4.5.2. Mat do electron n, bac lién két va chi so héa tri tr do

Dua vio k€l qua coa bai todn trong phuong phip Hiickel ta ¢é thé xdc dinh duoc 3 daj
lugng co y nghia rat 16n trong héa hoc hitu co hién dai, d6 13 mat de electron m, bac lién
két (do boi) va chi so hoa tri tu do.

- Mdt do electron @

Mat d¢ electron = ta dai Jugng dac trung cho su ¢6 mit cla clectron n khong dinh cu &
nguyén tr khao sdt va duge ghi bang $6 bén canh nguyén 1. Dai luong dé cé gid tri cang
16n thi nguyén tr tich dign am cang nhiéu. Tinh chit ndy s& dinh hudng sy bién déi cla
phiin 1 khi né tuong tic vdi cdc tiu phan tich dién, nghia 1a gidi thich duge kha nang
phan 1ing cva cdc hgp chat hiru co.

NO,
Thi du: Trong phan tir tir nitrobenzen, cdc nguyén tr C & vi tri 079 0.79
meéta s&€ cdé mat do electron n Idn nhat {0,95). Vi vay, khi nitro ' '
- L . - - . - - o . - uys [§ 1
hoa bing ion NOj thi NO;s€ chiém vi tri méta vdi wu thé hon 0.95 0.95
$O vO1 cic vi tri ortho va para. 061

Nhu vay, co hoc lugng tir da gidi thich duge tai sao khi nitro héa benzen chi véu nhan
duge meta-nitrobenzen.

Mat dé electron n dugce tinh nhu sau:

Theo y nghia vat §y cua ham sdng, mat do xdc sudt gap electron trén MO n: i, =
5 e 1,2 22
2 Ciryyr selar yi = 3 Chy,
r T
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trong d6: 1 ham séng phan tir duge t6 hop tir cdc orbital nguyén tr y ;
C, 12 h¢ s6 cia ham séng nguyén tir y, trong biéu thirc Y.
Khi cic electron & trén MO, thi Cf, chinh 13 phan mat do dién tich electron = tai
nguyeén tu ;.
Néu |y téng mat dé dién tich dé theo tat ca céc orbital j chita n; electron n thi 3& dugc
tong mat do dién tich eleciron w (con goi 1 mat do electron 1) tai nguyén urr la q,:

q, =Yn,Cj 3(107)
j

Vian dung biéu thiéc 3(107) ta tinh mat do electron & g, & cdc nguyén tir cacbon 1 va 2

{g, va q,} trong C,H, vi & cdc nguyén tlf cacbon 1, 2 va 3 (q,, q, vA q,) trong C,115.

Trong C,H,, nhu ta dd biét ¢6 2 electron (n; = 2) rén MO y, = y(m) = 1y, + Ly,
NF) NE)
{(nhu da tim duge & 3(98)), trong d6, cdc h¢ s6 C, cua cdc AO y, vi y, thudc cic nguyén

tr cacbon 1 v 2 bang nhau: C;, = C :

2 Nl bem thay cdc gid tri d6 cia C, va n, vio
3(107) ta cé:
1 2
‘1'=Q2=2(ﬁ) =1

Trong C;HJ, tir cic bidu thic 3(105) va 3(106) ta thiy ring cdc AO y, va y, cha cic
nguyén tir cacbon 1 va 3 déu tham gia tac MO Wy = Wi k) vay; = y(m).
Treong 3(105) cdc he s6 C;, duge cdc AO y, va y, thudce cdc nguyén tir cacbon 1 va 3 sé
1

la €, = Cji =—=. MO ny, nay chi chia 1 electron (n; = 1).
J

Trong 3(106), cdc hé s6 C;, cia cac AO y, va y, thudc cdc nguyén tr cacbon 1 va 3 sé
laC,=Ch= % MO = nay chifa 2 electron (n; = 2).
Bem cdc gid tri vira phan tich thay vio 3(107) ta cé:

1

1
=q:=1.( )2+2-(_2=1
qd, =9 \/5 5 )
Con AQ w, cua nguyén tit cacbon thit haj vdi he s6 C;, = \/_l_ chi tham gia tao y(m)
2
chia 2 electron (n; =2) nén ta ¢d: q, = 2. (L Y =1.

NG
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- Bdc lién két

Ta dd bil rang bac (d6 boi) lien két 1a 1, 2, 3 thi s& ¢6 cdc lién két tuong ng 13 don,
doi, ba. Bac lien két cang cao thi lién két cang ben

Bay 2id ta c6 thé ddnh gid bac lién ké1 vé mat dinh luong. Trude 1ién, 1a xét bac lien két
7 va sau do s& tinh bac lién két toan phidn bing bic lién két n cong vdi 1 (bac cia lién két
o).

Bac lién két n ki hi¢u 12 P, ddc trung cho mat do dién tich electron cua lién két va duge
xdc dinh bang biéu thic:

Prs = an er' CJ\ 3(108)
J
trong d6 C;, vi C, la cdc hé s0 cta cdc AO thudc 2 nguyén tirr va s ké nhau tao nén MO
lién két j (tirc 1a tao lién kél nt); n, 14 56 electron trén MO lién két do.
Thi du:
- Trong phan ti C.H, c6 1 MO lién két y; = y (n) chita 2 electron (n; = 2). Trong bicu

thirc w(n) cdc hé s6 cha cac AO thudc hai nguyén tr cacbon | (r=1)va 2(s =2) la C;, =

1
Cj2= ﬁ

Viy, theo 3(108) ta cd:

)y=1

ff

- D6 véi goc nr do alin C3HY, tir biéu thic MO lién két w(m) 3(106) ta thiy:

Cj|=C,1: P C,‘1=

2 N

Trén MO lién két d6 c¢é 2 electron (n; = 2), do dé. bac lién k&t m giira hai nguyén wr

cacbon | va 2 hoac gilta 2 va 3 s& ¢é gid 11 nhu nhau:

l 1
P|2~P21—2(2 J_ T =0,707

Vay, bac lién két toan phan trong C,H, va C3HZ ki hiéu la P tuang dng s& li;

P=P,+1=14]=2 P="P,, (hoac P,,) + | = 0,707 + 1 = 1,707

2 1,707 1,707
CH, = CH, CH, = CH — CH,-
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- Chi 50 hda tri 1 do
Chi 56 hoa tri tir do clla moét nguyén 1 duge tinh theo cong thie:

3(109)

F= Nmax-Nr
Nr=> Prs

Trong do, F la chi s6 hoa tri ty do cua nguyén tir, N, 14 gid tri cue dai bac coa lien két
T ma nguyén tr cacbon cé thé tham gia tao thinh. Nguot ta da chon N, = 1,732 {a bac
cta lien két © trong gdc trimetylen metan ma nguyén tir C' tham gla:

Con N, [a 16ng cac bac lién k€t cha 1at ca cdc lién k&1 ®* ma nguyén tur # tham gia tao
thanh.

Ung dung 3(109) va cdc gid tri bac lién két © di tim duoc cho CH, va CyI3ta ¢6 the
tinh dugc chi 6 héa tri ty do cha cde nguyén te C trong cdc tidu phin dé.

Trong C,H,, cdc nguyén tir C 1 va 2 chi tham gia tao mot lién k&t 1 véi bac lién két 1a
N.=P,;=1 nén F cia cdc nguyén tr do s& bing:

F=1732-1=0732.

Chi s6 F duge ghi 0 ddu mili 1én canh cde nguyen tr C:

0,732 0.732
T T
Cll, — CH,

Trong C,H5, cling tinh twong ty ta ¢6 chi 8 F cla cdc nguyen 1 C 1 va 3 bang nhau
va bang: F = 1,732 - 0,707 = 1,025

Riéng doi véi nguyeén tr C thit 2, vi nd tham gia vio 2 lién két n nén:
F=1,732-¢0,707 + 0,707) = 0,318

Ta co:
1.025 (318 1.025
T 1 t

CH, =— CH — CH,

Chi 56 héa tri tr do dic trung cho khd nang phan ng cha nguyén wr trong phan tir vaéi
cdc nguyén 1 trung hoa hodc véi cic goe tu do. Nguyén tir nio trong phan tir ¢6 chi 6 héa
tri tu do cang dn thi phan (ng ket hop & xdy ra vu tién hon & nguyén tir dé.
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Thi du: Khi thuc hign phan dng brom héa naphtalen thi san phim thu duge s& 1a «-
bromnaphtalen.

0,452
0,104 T
T 0.404 Br

+Br -

Di¢u d6 c6 thé gidi thich 12 do chi 6 héa tri tr do clia nguyén tr C d vi tri a trong
naphtalen ¢6é gia tri kdn hon ca (F = 0,452).
3.5. SO SANH HAI PHUONG PIAP VB VA MO

Ta so sanh hai phuong phdp lién két héa tri (VB) va phuong phdp orbital phan tir (MO)
théng qua phan tir H, gém ¢4 2 proton va 2 electron.

Trong phuong phap VB, tinh chat clia 2 electron duge khao sat dong thoi, con trong
phuong phip MO thi duge khao sdt riéng biét timg electron mot.

Su khao sat dong thoi cap electron trong trudng cha 2 hat nhan din dén ham séng clia
he nhu ta da biét.

W= (Dyp(2)+ v, (2)yg(1) 3(110)
Wi yir

(bo qua cidc hé 56 C, va C,), trong dé y, mo (4 su ¢6 mit déng thdi cla electron 1 trong
truong hat nhan A, electron 2 ¢6 mat trong trudng hat nhan B uic 13 1ing vdi so do héa tri
H,(1) + Hi(2), con y,; mé ta sy ¢é mit cia electron 2 trong trudng hat nhan A, electron 1
trong trudng hat nhan B, hay ndi khac di 1a y,, tng v&i so d6 héa tri H,, (2) + Hg (1).

Tuong tu, doi v6i phan tir benzen ¢6 5 so d6 héa tri (tng vdi 5 ham séng:

S0 9g

Hiam s6ng hon hop sé€ la:

w=Cyy + Gy + Gy, + Coyy + Cays 3(11D)

Tong quat: néu phan tir ¢6 nhiéu so d6 héa tri thi trang thdi cha phan tir duge xdc dinh
bang him séng:

w=C1w1+C2w2+...+ Clwl +... =EC|'LIJ!' 3(112)

trong dé, mbi s6 hang C, y; tuong Gngvdi 1 so dé hoa trj.
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Céc bi€u thic 3(110), 3(111) va 3(112) phan anh noi dung cia phuong phdp chong chat
sd d6 hoa tri (nguyén 1y chong chit cdc trang thdi). Theo phuong phdp nay, ta ¢6 thé phan
tich ham séng cua phan nr theo nhiéu phuwong dn khic nhau.

‘Thi dy: P6i véi phan tir H, ¢6 2 phuong dn, dSi v4i phan tit benzen ¢6 5 phuong 4n...

Phuong phdp chong chit so dé héa tri thuc chat chi 14 phuong tién 10dn hoc thuan loi
cho viéc tinh toin ma khong mang ¥ nghia vat Iy ndo ci vi sy phan bd thuc cla cic
electron trong mot phan tlr chi ing v6i mot trang thdi duy nhat véi nang lugng hoin toan
x4c dinh. Vi vay, khong nén hiéu la c6 2 dang phan tir H,, 5 dang phan ti benzen...Nhung
néu trong 3(112) bd di cdc 6 hang Cy, tde 12 bd di mot s6 so d6 hda tri ¢é thé, thi ham
séng cha phin tr mo ta trang thai clia phan ur khdc xa vai trang thai thue cia né.

Viy, phuong phip so dé héa tri nhu 1a mat trong cdc phuong phép tinh gdn ding céc
tinh chat cua phan tir va chi tién loi cho phan tir ¢ s8 nguyén t& khong nhiéu. That vay,
gla su so electron khong dinh cu (electron #) trong phan tif ndo dé 1 n thi s6 dé héa iri s&

n!

dugce tinh theo céng thite: ———,
(E)t(£+1)t
22

Thi du d6i véi benzen, vi n = 6 nén sau khi thay vao cong thic nay ta cé 5 so dé héa trj.
P61 v6i phan tir naphtalen: n = [0 do d6, ¢6 42 so dé héa tri, con d6i véi phan tir

antraxen( m ) n =14 c6 dén 429 so d6 héa tri va do d6 ta khong thé hinh dung va
biéu dién néi s6 so dé hoa tri nhiéu nhu vay.

Trong phwong phiap MO, khi dién electron 1 vao trudng hai hat nhan nguyén tir A vd B
thl ham séng twong tng véi trang thdi lién k€t duge xem nhu 1 t8 hop tir cdc ham séng
nguvén tir {AQ).

Wi = all) + yy(l)

Khi dién electron 2 vao trugng hai hat nhan dé thi haim song electron ciling ¢6 dang:
Wy = Ya(2) + wy(2)

(D€ don gién, ta d bé qua cdc heé s6 C,, C, trong cic biéu thitc cha ham séng trén).

Ham séng cla hé hai electron doc 1ap ¢6 thé duge biéu dién bing tich hai ham séng clia
electron | va 2:

Y=y, = [ya(D) + g (1] [wad2) + wa(2)]

= Yal D) wp(2) + wa2) wi(l) + wa(1) wa2) + wy(1) we(2) 3(113)

So sdnh 3(110) v6i 3(113) cho thdy rang ham séng mo ta he 2 electron trong phuong
phdp MO 3(113) ngoai vi¢c chita ham séng mo ta hé 2 electren trong phuong phip VB
3(110), nfc 1a 2 s6 hang ddu trong 3(113) con ¢6 thém 2 s& hang sau mo ta su ¢6 mat cha
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ca hai electron trong trudng hat nhan A hoic B. Hai s6 hang nay ¢é thé xem nhir iing véi 2

trang thai ion HyH§ va H,Hgcha phan tir H,,

Hai s6 hang trong 3(110), tinh theo phuong phdp VB chi mo ta su ¢6 mat dong thdi clha
2 electron trong trudng cia ca hai hat nhan A va B, nghia la ng vdi sy tao thanh lién két
cong héa tri thuin tuy.

Con theo phuong phdp MO, hiam séng 3(113) cho thdy hai s6 hang ddu dmg véi trang
thai lién k€t hda tri va hai s6 hang sau tmg véi lién két ion.

Nhu vay 1a phuong phidp VB da qua thién léch vé tinh chat cong hda tri ma bo qua tinh
chat ien cua lién két, con trong phuong phip MO, hai tinh chat nay duge xen ngang nhau
vit dac bigt doi vai cdc phan ur ¢6 lién két cong thudn tdy nhu H, thi nhu thé 1a qud thién
vé tinh chat ion cua lién kél.

Ham séng ting vai trang thdi thuc cla lién k&t phai mang tinh chdt trung gian giira hai
trudng hgp trén va téng quat cé thé biéu dién dudi dang:

¥ =aWYeur+ b Yion 3(114)

trong dd, Weyr 12 phin cdng hda tri, y,,n 12 phan ion clla ham séng . Toy theo mic do
phan cuc cia lién két, cdc hé s6 a vd b s& ¢6 nhitng gid tri khdc nhau. Chiing ¢é thé duce
x4c dinh theo diéu kién cic tiéu nang luong cha he.

Theo phuong phdp VB, mdi lién két phai do 2 electron tao nén, chiing phai & trang thai
cdp dot (trang thdl bio hoa héa tn). Vi vay, phuong phap VB khong giai thich duge tinh
thuan tir cia mot s& chat nhu O,, NO, ClO,...va cting khéng giai thich dugc tao sao lién két
cong héa hoc ¢6 thé do o 1é electron tao thanh. Nhitng thi€u sét d6 di duge phuong phip
MO giai quyét. Nhung nguoc lai, phuong phip MO lai khong giai thich duge tinh bio hda
héa tri cia lién két cdng hoéa tri.

Su khé khan vé tinh todn trong phuong phip MO it hon nhiéu so v6i trong phuang phéap
VB. Néu khao sdt lién két n khong dinh cu bing phwong phip MO thi bic cia phuong
trinh dai 56 bang s& nguyén tir C trong phan tir.

Thi du: D6i v&i C,H, ta c6 phuong trinh dai s6 bac 2, dét véi C3HS ta c6 phuong trinh
dai s& bac 3.

Trong phuong phdp VB, bac cua phuong trinh dai s6 bang sd cic so d6 hoa (rj.

Ca hai phuong phdp VB va MO déu 1a cdc phuong phdp gan ding. Cich gidi bai todn trong
hai phuong phdp dé tuong tu nhu nhau, nghia 1a déu phai tim cdc ham séng va cac mie
nang lugng tuong itng. Nhiéu két qua cudi ciung cha hai phuong phip giSng nhau: cdc
electron tham gia lién két déu thudc ca hai hat nhan nguyén 1. O trang thai lién két, nang
lugng cha cdc electron phai giam di so v6i khi ching con & trong céc nguyén tir. Xen phi
cang manh gira cac AQ thi lién két cang bén. Ci hai phuong phdp ciing din dén khéi niém
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lien k€t ¢ va lién k€t n. Bdn chit cua lién két cong héa tri theo ca hai phuong phap la
tuong tac di¢n gitra cdc electron va hat nhan nguyén ti.

Toém lai, ca hai phuong phdp VB va MO déu ¢6 nhiéu vu diém va nhitng mit han ché.
Tuy timg hé cu thé ma ngudi ta 4p dung phuong phap nay hay phuong phdp khéac cho thich
hgp. Ca hai phuong phap nay hién nay van dang t6n tai song song va hé trg cho nhau.

3.6. LIEN KET HOA HOC TRONG PHUC CHAT
3.6.1. Mét s6 dac trung vé phitc chat
3.6.1.1. Thanh phan cia phirc chit

Mot phic chat s& gém cdc thanh phéin sau day:

Noi cdu: gobm ¢6 cde tiu phan trung tam la ion hoac nguyen 1. phan 1 ky hicu 13 M
vi cdce tiéu phan (ion, nguyén tir, phan tir bao guanh dugce got 1a ligan hodc phoi
ki hi¢u la L. Tiéu phan trung tam va cdc ligan lién k&t v6i nhau tao thanh ion phire {(néi
cau). Noi cdu duge bicu dién bang ddu ngoac vuong, bén trong ¢ tiéu phan trung tam va
cac ligan [ML,]. S6 ligan n bao quanh ion trung tam goi 12 s6 phdi i,

Ngogai cdu: cac tiéu phan bén ngoai noi cdu tao thanh ngoai cdu cha phie chal. Trong
dung dich, cdc phirc chat bi phan ly thanh cdc ion phic. lon phifc ¢6 thé 13 cation, anion

hodc khong tich dién tiy thuoée vao tong dién tich cla tiéu phan trung tam vi cla céc
ligan.

Thi du:
. . lIon phire Tiéu phan , 56 o
Phite chat (noi cdu) trung tam Ligan phai tri | Ngoai cau
[Ag(NH):]Cl | [Ag(NH,),]" Ag’ NH, 2 oy
K, [Fe(CNy)] [Fe(CNQ]* Fe™ CN™ 6 K?
[Pt(NH;),Cl.] | [PYNH,}, CL,J" Pb™ NH,. CI- 4

Phitc chat c¢6 thé 1a axit: H,[SiF,); bazo: [Cu(NH.),}(OH},; muoéi: Na,[AlF:] hoac chat
khong dién li: [PyNH,),CL].

3.6.1.2. Ung dung ciia phirc chat

Phitc chét ¢é nhi¢u tng dung trong cdc linh vuc khéc nhau nhu treng cong nghiép héa
hoc va doi séng, trong cdc qud trinh sinh vat hoc...

Thi du: Rat nhiéu chat xic tde, duge pham, thuc phim, vat liéu phat quang, vat liu tir,
cdc chét bdn din, cdc chit mau... la phic chit. Phic chit duge diing trong phan tich héa
hoc. Clorofin (luc di¢p t6) 12 phic chat clia Mn®' gilf vai trd quang trong trong qué trinh
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quang hop cua thye vat. Hemoglobin (huyét (6 cdu) I cac phite chat ciia Fe? ¢6 nhiém vu
cung cap oxy cho cic 1€ bao cha dong vat...

Phic chat duge nghién cbu ddy di va k§ hon trong gido trinh hod vo ¢o, hod hoc phiic
chét. 'I'tong pham vi cla ¢au 1ac phan 1 va lién k¢t hos hoc & day ta s& x¢1 dén lién két hoa
hoc trong phidc chat, lién két gilra cdc 1iéu phan lrung 1am va ligan.

3.6.2. Giai thich lién két hoa hoc trong phirc chat

Dé tinh todn va giai thich lién két héa hoc trong phite chil, ngudi ta diing cdc phuong
phdp co hoc lugng tir nhir phuong phap VB, thuyst trudng tinh thé, phuong phap MO.

3.6.2.1. Phuong phip VB

Nhu ta da bi¢t, theo phuong phap nay, sy 6 hgp cic AO ciia tiéu phan trung tam
(thuong la cic jon kim loai) tao thank cde orbital lai héa. Cic orbital lai héa nay sé tiép
nhan cdc cap electron clia cdc ligan dé tao thanh lien két cong héa tri (lién két cho nhan)
gitfa ion trung tam va cdc ligan.

Thi du:

Xét lien két trong ion phitc {CoF,]": lon trung tam Co™ ¢é cdu triic electron céc vod
ngoai la:

Co® U O OOOIm

3d" 45" 4p" 4d"
Khi tao phic véi 6 ligan F', 6 orbital lai héa ngoai 4d°4s"4p’ ciia Co™ s& ti€p nhan 6
cdp electron cGa 6 ion F dé tao thanh 6 lien kél cong héa trj gitta Co™ va F".

[CoF]" L BN BT
a4 '

3

X¢ét 1on phite [Co(NH ) ]": Khi tuong tic vdi 6 phan tir NH,, 6 orbital lat héa trong
3d’4s4p’ clia Co™ ti€p nhan 6 cap electron clia 6 phan ur NH; d¢€ tao thanh 6 lién két cong
héa tri gitta Co™ va NH, trong ion phiic:

[Co(NH,),]*™ iy 1T

3d4s 4p* 4d"

Phuong phdp VB c6 the dung dé giai thich cau tao va nhiéu tinh chat trong dé ¢o tir tinh
cua da s6 cdc phite chit. Nhung trong mot s6 trudng hop, phuong phdp nay khéng thuin
tién cho viéc ddnh gid vé mat dinh lugng.
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31.6.2.2. Thuyét truong ligan

Thuyét nay khdc han véi thuy&t VB vi theo né gilfa ion trung tam va ligan 16n tai tuong
tic tinh dién thudn tdy (tic 1a lién két ion) nhung ¢6 dé cap dé&n anh huong cia cac ligan
dén trang théi cia cdc electron trong ion trung tam.

Ta sé& tim hiéu nhifng n6i dung co ban cla thuyét trudng ligan thong qua mot 6 thi du
vé phiic chét clia cdc nguyén 6 d (nguyén té chuyén ti€p).

Nhu ta da khao sit trong phin cau tric dién tir cva nguyén tir, orbital nguyén r
d22 dinh hudng tap trung doc theo truc z; duz_vz) lai dinh hudng tap trung doc theo truc x

va y; d,,, d,, d,, dinh huéng tap trung doc theo cdc dudng phan giic tuong img giita cic
truc toa do. Cdc orbital d22 s dmz_‘,1 con dugce ki hicu 14 d, (hoac ¢), cac orbital d

2 d,, va

v

d,, dugc ki hi¢u 1a d. (hoac t,,)

a. Su tdch cdc orbital d trong truong tinh thé cia ligan

Trong nguyén tir hay trong ion ty do (chua tham gia lién két) cd tat ca 5 orbital d thude
cung mot 13p electron ¢6 cliing mdt mite nang lugng hoac thudng ndi la ching suy bién:
electron ¢6 thé & trén cdc orbital ndy vdi xdc suat nhu nhau.

Gia sir ion dwong cla kim loai chuyén tiép bi bae quanh bdi cic ion am hoic cdc phan
tir ¢ cue (cuc am cha phan tir s&€ hudng vé cdc ion trung tam). Gilta cdc dam may cla cdc
electron d va cdc ligan tich dién am c6 tuong tic day, do d6 lam tang nang lugng cla cédc
electron d: niang lugng cla cdc electron trén cdc orbital & vi tri gdn ligan hon 5& tang nhiéu
hon {do bi ddy manh han) so vdi cic orbital d 0 xa ligan.

Nhu vay, dudi tac dong cla ligan, cdc orbital d bi tdch ra theo cic muc nang lugng va
dé 1a noi dung co ban cia thuyét truong ligan.

Phite chdt ¢é cdu tao bat dién
b4
z

dz’ d(x’- y%)

Hinh 3.51. Cdc orbital dz° va d(x’- ¥°) trong phitc bdt dién.
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Tir hinh 3.51 ta thiy electron trén cac orbital d?z Vi d(‘z_vg)bi cac ligan (ki hiéu la Q)
day manh hon (vi cdc orbital nay dinh huéng thang dén cdc ligan) so véi cic electron trén
cdc orbital d,,, d, va d,, (cdc orbital nay dinh hudng giita cdc ligan xa hon). Do d6, & trén
cdc orbital d, cdc electron s& cd ning lugng cao hon khi & trén cde orbital d,.

Nhu viy la 5 orbital d trong ion tir do ¢6 cltng mot mic nang lugng khi & trong trudng
tinh thé bdt di¢ri cla cdc ligan bi tich ra 1am hai nhém: 3 orbital d, va 2 orbital d, v&i ndng
iuong khdc nhau ¢(hinh 3.52).

E#

df_ (tlg)

Hinh 3.52. Sir tdch nire ndng heong ciia ciae AO o
frong trirdng bdat dién.

Hiéu ning luong giilta hai trang thai d, va d. goi 1 nang luong tich A (A ¢é thé tinh
bang cac phuong phip co hoc lugng tir va cling ¢6 thé xdc dinh bang quang phé hédp thu
clia cdc phitc chat).

Plure chdt ¢6 cdu tao Liudng thap bon phirong

NEu hai ligan trén truc z trong phic chdt ¢é cdu tao bat dién bi ddy ra xa sao cho
khodng cdch pira ching va ion trung tam 16n hon khoang céch tir cac ligan trong phéing xy
dén ion trung tam thi ta s& ¢6 phiic chat véi ciu tao ludng thip bén phuong. Trong truong
hop nay cdc higan trong mat phing xy tién lai gan ion trung tdm hon (do giam tuong tic
diy nhau chia hai ligan tich dién ciing d&u trén truc z déi véi cic ligan trén mit phang xy).
V1 vay, so vdi trong phic chit cdn tao bat dién, cdc orbilald(‘z_vgl\-’a d,, trong phic chat
ludng thip bon phuong sé bi cdc ligan trong mat phing xy ddy manh hon, nghia l1a lam
tang nang lugng cua cdc orbital nay. Péng thdi, ning lugng cna cdc orbital dyz » dy,. dy, S8
giam di vi ching bi cdc ligan trén truc z ddy y&u hon.

Plute chdr ¢6 cdu tao hinh thidp viéng

Loai phitc chat nay dugc tao thanh bang cach bd bét mot ligan trén truc z trong phiic
chiit ¢6 cau tao Iudng thap bén phuong, Nhu vay phic chit ¢6 ciu 140 hinh thap vuong sé
¢6 | ligan nam trén true z, ion trung tdm va 4 ligan nim trong mat phang xy (trong hinh

vuong). Sy tich cdc mitc ning luong xay ra wong tr nhu trong phic chat ludng thap 4
phuong.
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Phiic chdt vudng phdng

Néu b ca 2 ligan trén truc z ta sé c6 phire vuéng phang gém cé ion kim loai nam & tam
va 4 ligan ndm & 4 dinh ciia mot hinh vuong trong mat phang xy. Trong trudng hop nay
cang lam tang thém nang lugng cia cic orbitalduz_vz)vﬁ d,, va tiép tuc lam gidm niang

lugng cua cdce orbital d22 ,dy, vad,,.

Phirc chat ¢é cau tao ti dién

Trong phuic chdt cé cau tao 1 dién, lon trung tdm s& d tam cdn 4 ligan s& & 4 dinh cua
hinh t dién. Trong trudng tinh the tf dién cha cdc ligan, cdc orbital dinh hudng theo cdc
truc toa do dzg ,d(xz_yz)sé & xa 4 ligan hon la céc orbital d,,, d,, va d,, dinh hudng giita

cic truc toa d@. Vi vay, cdc muc nang lugng cua d .d(‘z_vz)lha'p hon cdc muac nang lugng
cuad,,,d,,.d,.

Sa do tach nang lugng cdc orbital d cGa ion trung tam bdi trudng tinh thé cha cdc ligan
trong cc phic chat ndi trén duge biéu dién § hinh 3.53.

”',' d{xz_y:)
! D] hhhh T
f.«" d(x*-y). dz’ “—D—\ dx
dxy, dxz,dyz ol

- []
4 \‘ - A
£
; 1 -~
= | I K

d{xz‘yz). dzz \\ ’»” dxy

dxy. dxz, dyz ““n._‘ ‘:l:]

dxz. dyz [
dxz. dyz
z z
Z y
X X X X
—1—
/4 >)
Y y

¥

T dién Bit dién Ludng thip 4 phuong Vudng phang

Hinh 3.53. So dé tdch mite nang liwong cdc orbital d trong mét so trieong ligan.
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- Phiic chdt cao spin va phite chdt thdp spin

Ta thuong gap mot s6 phic chdt cha cdc kim loai chuyén fié’p chita cic electron d
khong cap doi (tuan theo quy tic Hund) va duoc 201 la phiic chit cao spin, thi du nhu
[CoF.]". Cic phitc chat cao spin cd tinh chat thuin tr (bi nam cham hit).

Nguoc lai ¢6 nhitng phifc chat, trong dé cac electron déu & trang thdi cap doi (khong
tuan theo quy tac Hund) va duge goi la phic chat thap spin, thi du nhu [Co(NH,),]*. Cic
phttc chat loai nay khong bi nam cham hiit nén con goi 1a chat nghich tir.

So dé cdc mic nidng lugng va sit phan bd cac electron trong- cdc phite chat cao spin va
thap spin dugc biéu dién ¢ hinh 3.54,

(b)
{a) ,ﬂ%

\\ I! A
A O—dalrtr
—] g Ton tr d
TEg on o [
Phiic chat cao spin Phurc chat thap spin
[CoF.J" [Co(NH,),]"
A<P) (A>P)

Hinh 3.54. S0 do phan ba electron trong phite cao spin (a) va thap spin,

Hai cdch phan bg electron trong hai loai phitc chat cao va thap spin d6 ¢6 thé giai thich
bang thuyét trudng tinh thé nhu sau:

Trong cdc phitc chdt, electron & trang thdi tv do hay cap déi phu thuge vao 2 yéu (43:

- Theo quy tic Hund, electron ¢é xu hudng & trang théi déc than, méi electron s& & trén
1 orbital. Muén cho ca hai electron & trén ciing mot orbital {trang thdi cap doi) thi cdn
phai 16n nang tugng P nao dé di dé thing luc diy giira hai electron do.

- Mat khéc, trong trudng tinh thé, vi trdnh tuong tdc ddy cia cdc ligan nén céc electron
d c6 xu hudng chi€m cdc orbital ¢6 ning lugng thdp. Vi vay:

N&u A < P thi cdc electron cla ion trung tam trong phic chat s& phan bé trén cic orbital
g16ng nhu su phan bé trong ion tu do (tuan theo quy tic Hund) va nhu vay, phic chat sé &
trang thai cao spin. D4 1a trudmg hop cla phite chéat [CoF;]™ (xem hinh 3.54).

Néu A > P (nghia 1a tuong tdc ddy clia cdc ligan d6i vdi cdc electron s& manh) thi cdc
electron nay s& chuyén vao cic orbital ¢6 nang lugng thap. Trong trudmg hop nay electron
s€ d trang thdi cdp d6i (khong tuan theo quy tic Hund) lam gidm spin cla cdc electron
trong lon trung tam va tuong dng ta c6 phic chat thdp spin (thi du nhu [Co(NH,)(]™" (xem
hinh 3.54)
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Thanh cong 16n nhat cla thuy€t truong ligan 13 da gidi thich duge maw sic cla cdc phiic
chat kim loai chuyén ti€p (xem phin quang pho electron & chuong 4).

¢- Cdc yéu t6 dnh hwong dén 4

Vi nhiéu tinh chét cta phite chdt nhu tir tinh, mau sac...phu thudc viio A nén ta can phai
xét dén cdc yéu té anh hudng dén A, dé la:

- Bdn chdt char ciia ligan

Theo quan di€m tinh dién thi sy tich cdc orbital nay xay ra cing manh (titc 13 A cang
l16n) khi ligan cé dién tich dm cang 16n va kich thude clia ching cing nho (dé cé thé tién
gdn dugce téi ton kim loai). Ca hai diéu kién nay déu dan dén twong 1dc day gida electron
cta ion kim loai va cdc ligan tang lén. Thi du: ion F* bé hon cdc ion CI', Br', I nén tic
dung tach cac orbital & c4c kim loai chuyén ti€p d6i v6i F' 1a manh hon ca.

~ Swdinh hedng ciia ligan

Nhu ta di biét, su taich xay ra manh khi cdc ligan ti€n thiang dén cdc orbital cla ion
trung tam M vi xay ra yéu khi cdc ligan tién jai gin ion trung tdm theo hudng giira cic
orbita] ciia né. Su tich manh nhat khi ligan dinh hudng thang dién tich am clia minh vao
orbital cta ion kim loai. Kha nang dinh huéng nay cua ligan ¢6 | cdp electron tr do

(:N1,) 16n hon cla ligan ¢é nhiéu cap electron ty do (: _lf:') (hinh 3.55)

Hinh 3.55. Sir dinh hiong citg ligon (NH  F 1ol M.

Piéu d6 cho phép ta hiéu tai sao phan tir NH; lai gay su tdch ning lugng manh hon so
vaiion F.

- Anht hwiong ciia lién kéin
Ngudi ta xdc dinh dugc rang kha nang tich cia cac ligan khic nhau giam theo thi tu
trong day:

CO, CN >»phenaltrolein{phen) > NO; >NH; > NC§ > H,O >F > RCO,> Ol >Cl'>Br I

Trudng ligan manh Truong ligan trung binh Truong ligan yéu

Pé giai thich trat tir nay, cin phai thay ring déi voi cdc lién két héa hoc trong phiic
chit, ngoai tudng tic tinh dién cia ion, cdn ¢b tuong tic cong héa tri.
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Mot dang thi hinh cla thuyét trudng ligan cho ring trong phidc chit 16n tai lién két
cong hoa tri va duge mang 1én 1a thuyél trudng ligan (phdi 1a). Nhé ¢é thuyét ndy ma ta ¢6
thé giai thich dugc cdc ligan khic nhau s& giy nén su tach khac nhau (A khic nhau). Thi
du cic ligan nhr CO, CN°, phen vii NO; & tao nén trudng tinh thé manh nhit, cé kha
nang tao lién két = v4i ion trung 1dm ma ta s&€ ndi dén trong phuong phip MO & phin sau
day. Do su tao {ién két 1t ma ¢6 thé lam cho sy tdch cdc orbital cla ion trung tam tang lén.

- Tryng thdi oxy héa cita ion trung tém

lon ¢6 dé oxy héa cao hon (dién tich dvong lén hon) € ¢6 tdc dung manh hon. Thi du
phuc chat [Co(NH,)]™ la phic chat thip spin, con [Co{NH,)]** 1a phitc chit cao spin.
Dicu do6 ¢6 thé giai thich la do ion Co™ ¢6 dién tich [én, thé tich nho nén cdc ligan ti€n lai
gin Co™ hon va do d6 tuong tdc vdi cdc electron d cila né manh hon so véi truong hop
Co*" ¢6 dién tich nho hon (Ag 248, 50).

- Kieh thuree ena ede orbital d

Sy tich cang manh néu electron & trén orbital d ¢é kich thude cang idn. Thi du, su tich
xay ra manh hon trong cic phitc chit chifa cdc electron 5d va yé€u hon trong cdc phifc chat
chita cdc electron 3d, vi ring cdc orbital 5d (n = 5) ¢6 kich thude [6n hon cic orbital 3d
(n= 3), nghia la cdc orbital 5d kéo dai trong khong gian xa hon va do dé tuong tic véi cic
ligan manh hon.

3.6.2.3. Phuong phip MO

Phuong phip MO la phuong phép tong qudt hon, ¢6 hién luc hon trong viée giai thich
cdc tinh chat cua phic chat. Ca cau tric electron clia ion trung tam 1dn cau tric cla ligan
déu duge dé cap dén trong phwong phip nay,

Ta ciing xét cdc phic chat [CoFy]" va [Co(NH;)]"™ theo quan diém ciia phuong phdp
MO lam thi du.

- Lien két o

Nang lugng cua cdc orbital cia ligan thudng thap hon nang lygng cia cic orbital cha
ton trung tam (hinh 3.56) cho nén lién két trong phitc chat s& mang mot phdin tinh chit clia
lien két ton. Chinh vi th€ ma cdc MO lién két trong phite chat s& gdn gidng vdi cdc orbital
cna ligan hon 1 cla ion trung tam va sit chuyén electron tir jon trung 1am sang MO sé din
tSi viee chuyén dién tich tir ion trung tam 15i ligan. .

Hai orbital 3d (3dz_2 va 3d(x2_y2)), mot orbital 4s va ba orbital 4p clia Co™ trong

[CoF,]* va [Co(NH.)]™ dinh hudng dec theo cic truc toa do x, y, z ma cdc ligan phan bg.
V1 vay, sit xen phil cire dai giffa cdc orbital cua ion trung tdm Co™ va cic ligan F* hoic
NH, s& xdy ra theo cdc truc d6 va dan dén tao thanh 6 orbital lién kél: lo,, 3o, 20, va 6
orbital phan lién két: 204, 157, 30,,.
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Hinh 3.58. So dd cde nure ndng hirong MO ciia cde phire chdt {CoF,}

rc chdi T cao spin (a) va
[Co{NH ' thdp spin (b)

Cic orbital d,,, d,,. d,, khong dinh huéng t6i cdc ligan nén khong tham gia tao thanh
lién két 6. Ning lugng cua ching khong thay déi, nghia Ia d
lien két.

<+ Gxss dy, 12 cédc orbital khong

Céc electron cia Co™ va cla cdc ligan, theo nguyén 1y vitng bén, trudc tién sé duoc
dién vao 6 MO lién két (12 electron): 1o

20y, nghia la tao 6 lién két o giita Co
cdc ligan (xem hinh 3.56)

S6 electron con lai s& phin bé trén orbital o} hay d,,, d,, cdn tuy thudc vio A gidng
nhu su phan bé electron trong thuyét trudng ligan

xye .(ixzv

Néu A nho thi su phin bd electron tuan theo quy tic Hund, nghia 13 cic electron d phan
b& trén cdc orbital d
[CoF,]* (xem hinh 3.56.a).

(tlc d,) vd o)) nhu saw: dic)

. D6 14 trudng hogp cua

Né&u A 16n, thi du nhu d6i véi [Co(NH,):]™ (xem hinh 3.56.b) thi s& electron con lai sau
khi tao 6 lién két & s€ & ca trén orbital df
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Nguyeén nhén ciia vige téch nang luong gilta d, , 6] hay d, s& khic nhau theo quan diém
cla thuyét trudng ligan va phuong phip MO:

Theo thuyet trudng ligan, su tich cic muc ning lugng d6 12 do tuong ddy tinh dién gifta
electron d cua ion trung tam va ligan.

Con theo phuong phdp MO thi nguyén nhan dé 1a do su tao thanh lién két cong hoéa tri:

sy xen phd giira cdc orbital d, (d71 ,duz_yz}) clia ion trung tdm va cdc orbital cha ligan

cang manh (lién k€t cang bén) thi nang lugng cia orbital phin lién két o) cang cao (A
tuong ng cang 16n). Diéu dé c6 nghia la lien két trong [Co(NH, )" bén hon lien két
trong [CoF4]" (hinh 3.56)

-Lién két
Nhiéu phiic chat, thi du [Fe(CN)¢]*, dong thdi c6 ci 2 loai hién két o va lien két .

D¢ tao lien két o, ligan CN” cho cap electron chia minh dé dung chung vao orbital trong
d, (hinh 3.57.a biéu dién d(xz_yg)) chia Fe™'. Con lien két n giita Fe?* vd CN° duoc tao
thanh do electron tir orbital d, (hinh 3.57.b) bidu dién d,, cGa Fe’* chuyén sang orbital "

con tréng cua CN'.

bJ 4y

AR T — e D
O\ O
(b)

(a)
Fe - CN Fe - CN
(lién két o) (lien két )

Hinh 3.57. Sir tao thanh cdc lién két o va zirong phite chat {Fe(CN), JT .

Cung v6i lien két o, sir ton tai lien két x s& 1am ting do bén lien két gita Fe?* va CN',
vi viy ma [Fe(CN),]* <6 tinh bén dic biét.

Ca ba phuong phdp: VB, thuyét trudmg ligan, MO 1a cde phuong phép gin ding (6t nhat
duge diing d€ giai thich dinh tinh rat nhiéu dac di€m va tinh chat cla cdc phifc chit kim
loai. Hi¢n nay, cd ba phuong phdp nady déu dugc ng dung va tliy timg trudng hap cu thé
ma dp dung phuong phap nay hay phuong phap khdc cho thich hop.
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7.

CAU HOI VA BAI TAP CHUONG 3

Néu va phan tich ¥ nghia cdc dai lvong dic trung cia lién két héa hoc.

D¢ am dién ciia nguyén 6 héa hoc ta gi ? Cho biét ¥ nghia va cdch sir dung do am
dién dé€ phan loai cdc dang lién két héa hoc co ban.

Céc dic diém cha lien két ion. C6 tén tai lién két ion thuan tiy hay khong? Tai sao?

Cdc dic diém coa lién két cong héa tri. Tai sao cdc dac diém nay va ban chat cha
luc lien két cong hoa tri chi ¢6 thé dugc giai thich trén co s& co hoc luong 1.

Thé nao 1a lién két cho nhan va cho biét diéu kién d€ hinh thanh loai lién két nay?

a. Tinh th& nang hur U, giira hai ion A" va B* & khodng cdch R khi chva chd y dén
lire ddy giita cdc 16p vo electron.

b. Theo Born- Landé, ning lugng day U, dugc tinh theo hé thirc

_ B
Rﬂ

Ua

{(n goi 1a hang s& day Born, n = 5, 7, 9, 10, 12 ting v6i nhiing ion ¢é cdu tric
electron gidng cla cdc khi tra He, Ne, Ar, Kr, Xe). Hily tinh nang lugng tuong tic
U, = U, + U, gitra hai ion dé cho & trang thdi can bdng trong phan tir ion.

¢. Tinh ning lugng phan li ion cia phan tir KCl, chon =9, R, = 2,57 A .

d. Cho bi€t nang lugng ion héa Iy = 4,34eV, 4i luc electron Eq =3,81eV. Hay tinh
ning lugng nguyén tit héa clia KCl (Eiq + KCl = K + Cl).

2 2
®S: aU,=_2°.
R[]
2.2 2.2
b.U, = +Z—e;Ul,=Uh+Ud=—Ze -4
Rn n

[&] (1}

c. Nang lugng phan li ion d8t véi KCl (z= 1) E, = -U,_ = 4,78V
d. E, = Egc = 4.19V)

Qud trinh dot chay hydro: 2H, + O, — 2H,0 giai phéng mot ning lugng bang
493,7kJ. Cho biét ndang lugng lién két g, = 432,2 kJ/mol, g,., = 493,7 kI/mol.
Hiy tinh nang luong lién két €.

(DS: £.4 = 462,7 kI/mol).
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8. Cho biét nang lugng phan li lién két (con goi 1a nang lugng lién ké&t) sav day:

Lienkét O-H |cCC C=C C-H c-c1 | H-Cl [ CO C-Cl
e(kJ/mol) |462,3 |343,4 | 597,7 | 418,4 | 238,3 | 430,5 | 351,1 | 328,5

Hay tinh hi¢u ting nhiét cha cdc phan tng sau day:
HCI + CH,= CH, —» CH, ~ CH,(Cl
b. C,H,OH —» 1,0 + CH, = CH,
c. CH, + Cl, > HCl + CH,CL
HS:  AH, =-62,1kJ; AH, = 53,3 kJ; AH, =-102,3 k_f

9. Cho biét cdc nang lugng lien két: gc. = 343,4 kJ/mol; gcc = 597.7 kHmol; g., =
418,4 kJ/mol.

a. Hay tinh nang lugng nguyén tir héa E, cua benzen (nang lugng phan li phan tir
thanh cdc nguyeén tir).

b. So sdnh ket qud tinh dugc véi gia tri thye nghi¢m E, 1 = 5496,7 kJ/mol va giai
thich su sai khidc giita E, vA E, 1

(BS:  E,=5333,7 kJ/fmol)
10. a. Luc tuong tdc Van der Waals giita cdc phan tir trung hoa duge giai thich bang
nhirng hiéu ing gi?

b. Hay viét phuong trinh trang thdi cia cic khi thue va giai thich cdc s6 hang
chinh ly trong phuong trinh. -

c. Lien két hydro 1a gi? Cho biét diéu kién dé c6 cdu ndi hydro va giai thich ban
chat chi y&€u coa luc tuong tic.

d. Cho mot s6 vi du v€ lién k&t hydro giita cdc phan tlr va v¢ lién két hydro noi
phén tir.

¢.  Anh hudng clia lién két hydro dén tinh chit clia cdc chat nhit the nao?

11. a. Gidi thich cédch thi€t lap ham séng chung cho cap electron lién két phan tir 11,
theo phuong phap VB.

b. Cho biét ham séng toan phin (k€ dén spin) phai thod min diéu gi? Pé dip tng
diéu d6 thi spin cia hai electron phai nhu thé nao va hé qué s& dan dén su tang va
giam mat dé xdc sudt ¢6 mat cla cdc electron § khodang gitia hai hat nhan nguyén ur
dong thoi kéo theo sy gidm va ting ning lugng tuong ng cia hé ra sao?

c. Tir d6 rat ra két ludn vé&: Diéu ki¢n d6i vai electron lién két, ban chat cha hre
lién k&t cong hoéa tri, va hdy mé ta lién két cdng hda tri theo phuong phip VB.

12. Néu céc noi dung cha thuyét héa tri spin. Thuyét ndy quyét dinh duoc nhiing van dé
gi vé lién k&t cong hda tri va con nhitng han ché gi? Cho vi du minh hou.
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13.

14,

15.

16.

17.

18.

19.

20.

Giai thich tinh dinh hudng cha lién k&t cong héa tri theo quan diém cda phuong
phip VB. Dic diém clia cdc loai lién két o, n (nang lugng, tinh d6i xing).

Su lai héa cla cdc orbital nguyén i 12 gi? Hiy phan tich vai trd cia lai héa trong
viéc giai thich cdu tao phan tfr va lién két héa hoc. Néu cic kiéu laj hoa gifra cac
AQO s va p, gifta cdc AO s, p va d. Cho vi du.

Cdc dicu kién d€ lai héa bén? Trong méi chu ki, khi di tif trdi sang phai thi kha
nang lai hoa cac AO trong cdc nguyén t6 thay ddi nhu the nao? Giai thich va cho vi
du.

Giai thich 1ai sao:
a. Cac goc hoa tri trong phan tir H,0, NH,, CH, lai giam theo trat tur:
HOH(104°29') < INFI(107,0%) < FICH (109°28")

b. Géc héa tri HSH(92°15°) trong phan tir H,S nhé hon géc héa tri FIOTI(104"29°)
trong phan tir H,0.

Trong mot phan nhém chinh, khi di tir trén xudng dudi, thi kha nang lai héa cia cic
AO trong nguyén (6 thay déi nhy thé nao? Giai thich va cho vi du.

Theo tién trinh cédc giat doan phan ing sau day:
C,H,—" C,H,—" 5 H,

s& xay ra nhitng bién doi gi vé: cac kiéu lai héa, cdc dac trimg ctia lién két héa hoc
va cdu tric hinh hoe ctia cdc phan iy C,H,, C,H, va C ,H.

Hay biéu dién cau triic hinh hoc ciia cdc phan t&r ndi trén v&i su tham gia xen phd
clia céc orbital lai héa wong Gng.

a. Hdy cho biét cdc luan di€m cua phuong phdp orbital phan ti.
b. Orbital phan ta 1a gi?
c. Thi¢t lap phuong trinh Schrodinger cho phan tit H, theo phuong phdp MO-LCAO.

- v o . : L a “fy s | S
Sy to hop tuyén tinh cic orbital nguyén tir vy, , = "ova oy, =T.e " cla
n

1
—E.e
hai nguyén tir hydro a va b cho hai orbital phan tir (MO-LCAO):

W= Gy Wi vawe = Co(y,, - wyg)
a. Xdc dinh C,, C. tit cdc diéu kién chudn héa ctia ham séng.
b. Cho bi€t cdc bi¢u thirc nang luong E, va E. tuong ng.

¢. Tai sao y, duge goi 1a MO lién két, y_ duge goi Ia MO phan lién két,
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21.

22,

23,

24.

a. V& so do xen phi cac AO: 1s a; Is b xudt phdt tir hai nguyén ur hydro H, va H,
tao thanh cic MO: o, ,06 . Tai sao cdc MO dé duogc ki hiéu 12 o
xen phit hily viét biéu thitc todn hoc cla cdic MO duoc tao thanh.

o, . Tir so d6

In?

b. V& so d6 nang lugng ciac MO cla phan tir H,.

c. Vi€t cau tric electron cla cdc phan tr H3, H,, Hej, “He,”. So sdnh do bén cla
cac phian ur néi trén.

Cho cdc phan tir 0,,0},0;,02°, N,

a. V& so do nang lugng MO va cdu triic electron clia cac phan tir da cho.

b. Tinh bac lién két trong cdc phan wr di cho.

¢. So sdnh do bén va do dai lién két ¢iia cdc phan .

d. Nhan xét vé tir tinh clia cdc orbital phan i,

Cho cic AO y,,, y,,. ¥, cla hai nguyén tir A va B

a. Hay cho biét d6i v6i nhilng cap AO ndo ¢6 thé cé su xen phi? Tai sao?

b. B6i véi mdi MO duge tao thanh hdy vé& so d6 xen phi gifta cic AQ, so dé cdc
MO, tinh dai ximg (dSi v6i truc lién két), ki hiéu va bigu thite todn hoc cia cic MO
do.

c. V& 50 d6 nang lugng cdc MO ndi trén, cho biét cdc trang thdi nao la trang thdi
suy bi€n va giai thich tai sao?

Bing phuong phap MO Hiickel hay:

o

. Tim nang lugng va cic ham song cic MO n cta phan 1r butadien,
b. V& so do nang lugng cla cic MO n tim dugc.
c. Tinh mat do electron © (q,) tai cdc nguyén ur C,

d. Tinh bac Nién két n (p,,) giita cdc nguyén tir C ké nhau.

4]

. Tinh chi 6 héa trj e do (F,) tai cdc nguyén tir C.
g. Biéu cde gid tri q,, p,., T, 1ai cac vi trf tuong ng cOa butadien.

PS: a. Nang lugng va ham séng coa cic MO n:

E, = o+ 1,618; w, = 0,3717p, + 0.6015p, + 0,6015p + 0,371 7p,
E,= o +0,618B; w, = 0,6015p, + 0,3717p, - 0,371 7p. - 0,6015p,
B,=a-0,618p: y, = 0,6015p, - 0,3717p, - 0,3717p, + 0,6015p,
E,=a- 1,618p; y, = 0,3717p, - 0,6015p, + 0,6015p. - 0.3717p,
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b. So dé nang lugng cdc MO n:

E E 3
«- 16188 — F—— =,
o« - 0.618p B 7
o+ 0.618p @ T,
o+ L.GISP ] 7,

¢. Mat do clectron n (q,): q,=q, =q;=q, =1.

d. Bac lién két n (p,,): p,; = 0.894: p,, = 0.447; p,, = 0,894
e.ChisghéatritvdoF: F, =F,=0,838; F, = F, = 0,391
g. Biéu dién céc gi4 tri q,, p,., F.:

0,838 0,391 0,391 0,838

T | 0.447 T 0.894 1
H,C 9828 oy 29 ey 2027 oy,

1,000 1,600 1,000 1,000

25. Cing v6i nhitng ndi dung nhu & bai tap 24 déi v6i butadien hdy khao st hé electron
n khong dinh cu trong phén tir sau bing phwong phap MO Hiickel:

CH

PS: a. Nang lugng va ham séng cta cic MO n:
E =a+2,1708; vy = 0282p, + 0,613p.+ 0,524p; + 0,524p,
E,=a+0,3118; W, =0,817 p, + 0,254p,- 0,368p, - 0,368p,
E; =« - 1,0003; y, = 1,478p, + 0,882p, + 0,820p, + 0,820p,
E,=o- 148203 Wy =-0.478p, + 0,118p, + 0,180p, + 0,180p,
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b. So d6 nang luong cic MO =:

E ¢ M ) c. Mat do electron w (g,
o - 1.841P ] T g, = 1,480; q, = 0,877; q, = 0.820; q, =0.820.
o - 1.000B ] n,  d. Bac lién két w (p,):
R S—— Piz = 0,752; py; = 0,455; py, = 0,820; p,, = 0,455
o+ 0311p i T . Chis6 héa tri tu do F,:
o+ 2.170p @ x, F,=00980; T, =0,070; I+, = 0,457, I, =0,457;

2. Biéu dién cdc gid tri q,, p,.. F.:

0.98 007 (455 Com> 0457
T 1
C,— G, 0.820
1.48 0.877
0455 ¢ 50457

26. Trinh bay nhitng luan diém co ban clia thuyét trudng ligan. Cho vi du minh hoa.
27. Giai thich lién két héa hoc va tinh chdlt tir cGia phic chit [Co(NH,),]" theo quan

diém cha:
a. Phuong phip VB
b. Phuong phip MO LCAO
c. Phuong phdp trudong ligan
Cho biét cau triic electron clia Co™ 3d°4s"4p°4d”.
28. Giai thich lien két héa hoc va tinh chét tif clia phirc chat [CoFg]" theo quan diém
cua:
a. Phuong phip VB
b. Phuong phdp MO LCAO
¢. Phuong phdp trudng ligan
Cho biét cdu tric electron ciia Co™ 3d%4s°4p°4d°.
29. Trén co s& quy tic bao toan tinh d6i xdng cdc orbital tuong tdc, hay giai thich tai sao cdc
phan dng:
V¥ 4 [Co(NH,):CI** —— V¥ + [Co(NH,):CI]* (1
Cr** + [Co(NH,).CIF* —2— Cr'* + [Co(NH,),Cl]* (2)
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lai ¢6 su khdc nhau rit 16n vé cc hang $6 téc do:

k=26 <<k, =2,510" (#.mol's")?
Cho biét cau triic electron cla cdc jon:

+_u, 1 P

V? e.ts, . Cr? ety

Cr‘”c;,‘lgg (trong ion phic [Co(NH,)Cl]*),
Trong d6: ey, la ki hiéu cic orbital dz?, d(x> —y?)

L, la ki hiéu céc orbital d,,. d,,, d,,.

30. Ngudi ta da xdc dinh ring: & diéu kién binh thudng phan tng hydro héa etylen bi ngan
cdm boi quy tac bio toan tinh d6i ximg cdic orbital tuong tic:

C2H4 + H2 '7L) Csz,
biéu d6 ding hay sai? Tai sao ?

LY e
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CHUONG 4

MOT SO PHUGNG PHAP VAT LY
NGHIEN CUU CAU TAO PHAN TU

Dé nghién ctu cdu tao phan tir va lién két héa hoc, ngudi ta ¢6 thé st dung nhiéu
phuong phdp vat ly va héa 1y hién dai khdac nhau nhu nhiét, dién, tir, quang,...trong dd phai
ké dén cic phuong phdp momen ludng cuc, do khiic xa phan nr, dac biét i cdc phuong
phap phé phan tir: phé quay, pho dao dong (phé héng ngoai, phd khuéch tin td hop (phé
Raman)), pho hap thu electron phan tir-nhin thdy vi tir ngoai (UV-VIS), vi cdc 6 lieu thuc
nghi¢m thu dugce bang cic phuong phip ndy 13 co s cla ly thuyét clha cau tao phan 1,
lién k&t hda hoc va tinh todn thong ké cdc ham nhiét dong.

4.1. MOMEN LUGNG CUC VA PO KHUC XA PHAN TU

Duéi tdc dung cua dién trudng, phan t{ cta cdc chiat déu phai chiu nhitng bién doi nhat
dinh nao dé, thi du nhu su dich chuyén cdc hat nhan nguyén tlr, cdc ddm may electron...
Tdt ca nhimg bi€n d6i d6 goi 1A sy phan cuc héa. Su phan cuc hda xdy ra cé thé do téc
dung cia dién rudong khong doi (dién trudng gitta hai ban tu dién cha 16p dien tich kép)
hodc do tic dung cua di¢n truong bién thién (dién trudng dnh sing).

4.1.1. Su phan cyc héa do tic dung cua dién trutng khong doi

4.1.1.1. Truong hgp phan tir khong ¢o cuc
— D

Dién truong véi cudng d6 E s€ lam léch ddm may ————
electron (vé phia ban duong cia tu di¢n) so v&i vi tri
cin bing cna nd do6i v6i hat nhian nguyén tir (phan cuc @
héa electron), Pong thoi, hat nhan nguyén tir ciing bi
ban am chGa tu dién hit [éch khoi vi tri can bing (phan  F=10
cuc héa hat nhan). Két qua la trong phan ur xudt hién =0
cac trong tam dién tich duong va dm cich nhau mot
khoang #. Nhu vay la dién trudng ngoai di lam phin
cyc héa phan tr. Phian tlr tir chdé khong ¢é momen Hinh 4.1:
ludng cyc (n = 0) dén chd ¢6 moémen ludng cyc cam St phdn cite hda phén tir liedng cite.
ung (i = 0) (hinh 4.1},

Do d6, phan cuc hoa ndy goi la phan cuc hda cam wing hodc 1a phan cuc héa bién dang,

=0 -
w0 -

+ o+ o+ + o+ o+
|

Phan cyuc héa cha mot phan tir gam chdt duge xde dinh bing phuong trinh Clausius-
Mosotti:
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_E-IM_4 .
MTe+2d 3 AC

trong do: Py, -phan cyc héa cia mot phan tl

£

N, -s0 Avogadro;

4(1)

gam chat;

-hdng s& dién moi cla chat nghién ciu;

oc -do phan cuc cam (ing gém do phan cyc electron {c, ) va do phan cuc

hat nhan.(o,):
M -khdi lugng phan tir;
d

Gf.p=C(L.+0:

-khoi luong riéng.

4.1.1.2. Truang hop phan ti ¢6 cuc

Trong truéng hop ndy, phan tir di cé
momen ludng cuc vinh clru. Dién rudng
ngoai 5¢ ¢6 hat tac dung déi véi phan ur
[.am tang thém gid tr1 cla moémen ludng
cuc vinh ctu (phan cuc hdéa cam lng) va
lam cho cdc phan tir dinh hudng theo chiéu
cua dién trudng (hinh 4.2). Nhu viy, do
phan cyc cta phan wr trong trudng hop nay
- s& gobm ¢6 do phan cuc cam tng vi do phan
cuc dinh huéng:

O = Oc + Oy = A, + O+ Cyy,e

+ o+ + 4+ + + + +

E=0

Hinh 4.1.
St phan cite héa phdn niv Inéng circ.

Phan cuc héa cia mat phan tir gam chdt duge xdce dinh theo phuong trinh Debye:

e-1 M 4
=— WV — =—T
e+2 d 3

M

uz
N.| o+
(\[ L 3kr1.

I

KT

1 - mémen ludng cuc cia phan tir;

trong dé: Oy

k — hing s6 Boltzmann;
T - nhiét do tuyét doi.

Vi £ khong ¢6 thit nguyén, —
(thudng tinh bing cm').’
Tir phuong trinh 4(2) ta thay %N,\ac la phéan

2

4(2)

c¢6 thit nguyén thé tich nén Py s& ¢ thit nguyeén thé tich

cyc hda cam (ng khong phu thude vao

nhiét do, %TENA ?:}:(_T la phéan cuc dinh hudng phu thudce vao nhiét do. Phan cuc héa dinh

huéng giam di khi nhiét do tang lén.
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Phuang trinh 4(1) ép dung cho phan 1r khong phan cic con phuong trinh 4(2) 4p dung
cho phan tir ¢6 cuc.

4.1.2. Sy phan cuc hoa trong dién truong bién thién

Phuong trinh 4(2) c6 thé viét:

e=l M 4 4 4
M=E.F=€KNAC{‘:"§RNAOL"+€T[NAC(‘", 4(3)
= P\' + P]l + Pdh

Vi tan s6 dao dong cia dién trudng bién thién (dién trudng &nh sdéng) rdt 16n nén phan
tr ludng cuc va hat nhan nguyén tir khong kip doi hudng hodc xé dich kip v6i t8¢c do doi
chiéu cna dién trudng, nghia 1a sy phan cuc héa dinh huéng va sy phan cuc héa hat nhan
khong xay ra (P, =0, P, = 0). Trong dién trudng dnh sdang, hang s6 dién moi dugc thay
bing chiét sudt n cha moi truong € = n°. Vay phuong trinh 4(3) trd thanh:

2
nn-1 M 4
P, =P = —=—7aN,a =R 4(4)
MU nls2'd 307
R goi la dé khic xa phan w1, chinh 1a phan cuc hoa electron cia mét phan tir gam chit
nghién cdu trong dién trudng dnh sang. Do phan cuc electron o, nhur ta da bidt & chuong
3, dic trung cho su dich chuyén cla ddm may electron dudi tdc dung cha dién trudng. Néu

1 5 . - - 4 4 3 » EE v +
r 1a bdn kinh chia phan ti thi «, ~ ' va do do ;nNAaL_ = ;nN A" =R lathe tich riéng cua

mot phan tr gam. Né khong phu thudc vao nhiét d6, dp sudt tic 1a khong phuy thude vao
cdc trang thai tap hop cla cdc chat. Vi vay, R 1a dai lugng diac trung cho phan tr cba cic
chat (R ciing co thif nguyén 1a cm’).

Do khiic xa phan tr ¢6 tinh chat cong, nghia 1a do khdc xa cva phin tr bing do khiic xa
clia tat ca cdc thanh phan cia phan tir (ion, nguyén tir, 1ién két) cong lai. Kht tinh cho phin
tlr ¢6 lien két cong hoa tri 1a ¢6 thé sir dung do khiie xa lién két hay do khiic xa nguyén tir,
con tinh cho phan tr ¢é lién két ion thi dung d6 khic xa cta cdc ion {déu da ¢6 san trong
cdc $6 tay héa hoc hoac vat 1y).

4.1.3. Ung dung momen ludng cue va dé khiic xa phan tir trong héa hoc
4.1.3.1. Momen luong cuc
- Xde dinh momen ludng cuc

I M 4 4 p? !

E p—
T huong trinh 4(2), tadat. ——.— =y, —naN,d.=b; —aN, —=a vd —=x.
rong phiiong trin 4(2), ta < g+2 d 4 3 AT 37 %3k T
Do d6, ta ¢ thé viét phuong trinh 4(2) 12 y = ax + b. Pay | phuong trinh duong thang. Dé
xiy dung dé thi clia né ta can phii do €, d d cdc nhiét do khidc nhau réi tim cdc gid tri y tuong
ing va 1ap do thi ¢hinh 4.3).
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. p i i y E 3
Tir do, ta xac dinh dugc:

2
L (tir :ll_k =a=tgh); vaa, (lir %T[NO(IC =b).

Ta c6 thé tinh momen tudng cye cha phan tr
khi biét duge cdc momen ludng cuc cha timg lién -
ket trong no theo quy tac cong vecto (quy tic b{
hinh binh hanh). Téng vects tit ci cic momen
ludng cyc cua 14t ca cdc lién ket trong phan 1ir s&
la mémen ludng cuc cia phan i,

L

>

Hinh 4.3: Xdc dinh momen htdng cwe béng

Xde dink cdu tao phan ti phitong phdp thicc nghiém.

K c6 lién hé vai cdu tao cha phan tir, Do d6, néu xdc dinh duoc p ta sé bict duoc ciu tao
cla phan tir.

Momen ludng cuc thuding dugc tinh ra don vi debye (D) hodc coulomb.met (C.m).
1D = %10—29C.m

Thi du: - Dimetyl ete (CH,),0 cho thé ¢6 hai dang c4u tao sau day:
CI‘I_\

CHj; » O < CH,
p=0 / ,
(a) CH, H2 l
. (b)
Theo quy téc hinh binh hanh, mémen ludng cuc cla phan tlr p itng véi cdu tao (b) sé

duge xac dinh tir cdc p,, p, cha cdc lién két (CH,-0): p? = pf +u§ + 21415 cosO trong dé

da cho py, = p, =1,2.10* C.m, 6 =111" va tinh todn s& duge 1 = 1,35.10%° Cm rat gan voi
gid trj thye nghiém 1,37*" C.m. Nhu vay (CH,),0 khong ¢6 ciu tao thing nhu dang (a) ma
cdlu tao thuc cha né 1a dang (b).

- Xdc dinh cdc dang ddéng phan cta phan tr diclorobenzen C,H,Cl, cho biét
monoclobenzen ¢6 u, = 1,53 D: ciing diing phuong phdp cong vecto dé tinh p va d68i chifu
véi cac gid tri do duge bang thue nghiem cia né ta cé:

Cl

Cl

para melta ortho

(u=0) (n=y) (h=3u)
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- Phan biét cdc dong phan cis va trans
M6t dang déng phan nay cia phan tir s& c6 mot gid tri momen ludng cuc tuong ing.

Thi du xét phan tir dicloroetan: C,H,Cl,

H H Ct H
H-C-C-H H—?—%—H
Cl H C
ol trans
w=1,1.10 * (C.m) u=0

Danh gid tinh chit ion cia lién két .

Trén thyc t€, d6i vdi phan tlr khong c6 1ién két jon thudn tiy theo mo hinh lién két ion
c6 dién, nghia 12 khéng c6 su chuyén hin electron tir nguyeén tir ndy sang nguyeén tir khic,
vi vay, ngudi ta dua ra khdi niém tinh chét ion dé danh gid xem mot lién k&t mang bao
nhi¢u phan tram tinh chat ciia mot lien két ion thudn tiy. That vay:

Neu la lién ket ion thudn tiy thi phan tr A“B” phai ¢c6 momen ludng cuc tinh theo Iy
thuyét: '

n,=Ze.f 4(5)

trong do f1a khoang cdch gita hai hat nhan. Trén thuc (€, gid tri do dugc 1, nhd hon
nhiéu so voi u, nén:

Wo=2Z"6.7 4(6)

Ngudi ta goi: 7' = Eg-lasa<ﬁentkh1neudung o))
[+14

va ti §3; —;—z il duge goi la tinh chat ion cua lién két. 4(8)
P

Thi du: Béi vai LiF: Z = 1, u, = 6,5D. Néu 1a lién két ion thudn tdy thi phan tir LiF
phai ¢cé mdémen ludng cuc:

W, =lel=1,6.10".1,56. 10" =2,5. 10Cm

=2,5. 107" % 10 =7,5D

7= B _ 85 _ 6 87 hay 87%
el 75

LA

nghia 1a lién két trong LiF mang 87% tinh chat ion.
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4.1.3.2. Do khoe xa phan to

Tinh chat cong clia d6é khic xa phan tir duge (ng dung rong rai trong héa hoc vi cdch
xéc dinh né don gidn, chinh xdc. Muén xdc dinh cdu tao phan tir can phéi do cdc dai luong
M, d va n bang thuc nghiém réi tinh theo 4(4). Mat khdc, tinh R theo do khic xa nguyén
tlr, lién k&t (bang 4.1) hay ion cho cdc céng thitc cau tao gia thiét cla phan tir chat nghién
ctru. Néu R tinh duge cia cong thife gid thi€t ndo ma tring véi k€t qua R do trén thuc
nghiém thi cong thitc gia thiét dé s& 1a cong thitc ciu tao thyc clha phan tir.

Thi du: R ctta sulfua dietyl (C,H:),S

do bang thuc nghiém 13 28,54 cm” cdon R
tinh cho mét trong cidc cong thiic gia

Bang 4.1, D6 kinic xa nguyén nr va do khic xa lién kéi

thié&t : Nguyen no R, (cmh Lién kel R, (cmY)
H H H C 2,418 C-H 1.676
[ | |
H 1,1 _ 1.296
H-C-C-S-C-C-H c-C
[ [ -5 7.69 C=C 417
H H H H O= 2211 c-s 4.61
- - . £ n am . -0- 1,525 =0 3,49
theo do khic xa lién két va do khic xa | 66
nguyén tir di cho & bang 4.1 twong tng O-1i '

sé la:
R =2Rcc +10R 4+ 2R5=2,592 + 16,76 +9.22 = 28,5?{:0‘13.
R =4Rc+ 10R+ Ry =9,672+ 11,0+ 7,69 = 28.26cm3.

- Su phi hop giira cic két qua tinh toan va thuc nghiém nhir vay ching 16 cong thitc ciu
tao gia thiét trén clta (C,H;),S 1a diing.

4.2. CAC PHUGNG PHAP PHO PHAN TU
4.2.1. Nhitng khai niém chung vé phé phan tir
4.2.1.1. CAc ving song dién tix

Séng dién tir bao gém séng radio, bitc xa hong ngoai, dnh sdng nhin thdy, tia tir ngoai,
tia Ronghen va tia gamma (y). Séng dién it duge dac trung bdi budc séng A (do dai cla
mot dao dong) hay tan s6 v (s§ dao dong trong | gidy). Budc séng do bing micron p (1p =

o

10 ¢m), milimicron mp (kmp = 107cm), angstrom A (1 A= 10%m), nanomet nm (1nm =
10 °m = 10 A). Gifta A va v ¢6 lien hé nhu 1a d3 biét v = ;: (giay ) co, rong dé ¢ 1a 10c do
1

dnh sdng trong chan khong, tisé — = (cm') goi 14 56 séng (s6 dao dong trén mot dom vi dai).
A

Gitta sdng dién tir va cdc chét c6 quan hé twong tic xdc dinh. Nang luong cia mdi ving
séng gén lién véi mot dang chuyén dong noi tai cha phan tir. Do dé, véi mbi viing séng
ngudi ta xay dung duge mot phuong phdp nghién citu tuong @ng duge ghi trong bang sau:
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Bang 4.2. Cdc vitng séng dién nr

Nang luung Vim Thay déi nang lugng .
. ‘ uo
(eV}) A & cua: Ph ( ng phip
< 107 Km - m Radio S?II‘I cla _clcclmn via | Cong !ludng ) tir
cia hal nhin clectron v hat nhan
0.01 100 - 25 Héng ngoai xu Quay phan Phé guay
. . Dac dong cdc nguyén o .
. - i} roal g .
o1 25 -0,75n Hong ngoai gin 1t trong phin 1ir Phé dao dong
.2 7000 — 4000 A | NWin thiy N Phé hip thu electron
o . . Electron v6 ngodi phan wr (phéd tir npoai)
10+100 4000 - 50 A | LU ngoal
3. hi ° t
10°+ 10 S0 -0 A Tia Ronghen Electron vé irong Ronghen
il 1 -
10 107 =101 A Tiay Phan iing hat ahan

Viing séng tir hdng ngoai xa dén ving tlr ngoai duge ghi nhan bang dung cu quang hoc
(trong mdy quang pho) got 1A viing quang hoc. Phé séng dién tir ghi nhan duoc trong viing
quang hoc dugc goi 1a phd quang hoc.
4.2.1.2. Mdy quang phé

Vé nguyén tic chung, mot may quang phd gém cé céc bo phan chinh nhu sau (hinh4.4)

Hinh 4.4. So dé nguvén tdc mav quang pho.

1.Nguén sang : gdy chuyén mirc nang luong,

2. Tu quang : tap trung dnh sdng chi&éu vao khe,

3. Khe : han ché€ dnh sdng vao mdy,

4. Thdu kinh chudn tru¢  : bi&n dnh sdng thanh céc tia song song,

5. Lang kinh : 1am tdn sdc 4nh sdng- tdch dnh sdng theo A,
6. Thau kinh hoi tu : lam hoi tu cdc tia sang cd ciing A,

7. Bo phan ghi nhan quang pho : kinh anh, may tu ghi.
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4.2.1.3. Nguon gac phé phan ti

Ta da bi€t rang quang phé nguyén tir 1a quang phd vach. M&i vach tng véi mot lugng tir
dnh sdng hv thudc viing nhin thidy hay tlr ngoai phét ra (biéu thi bing mdi tén di xuodng}
hép thy (mii tén di lén) khi electron vd ngodi clia nguyén tir chuyén tir mdce nang lugng
nay sang muc nang lugng khic.

A Ez E2> E|

Y E, AE=E,-E, =hv
Phan ti ciing ¢6 kha nang phét ra hoac hdp thu nhiimg lugng tir 4nh sing gay nén nhitng
bi€n thien vé nang lugng bén trong clia né va do dé 1am xudt hién quang phd phan tr.
Nhitng dang nang luong trong phén tir ¢6 tinh chat gidn doan la:

- Néng lugng quay E, sinh ra do phan t& ¢6 thé quay xung quanh céc truc toa do. Moi
mot bi€n thién nang lugng quay (AE) s& cho mot vach quang phd quay véi tin so ¢

- Nang lugng dao dong E,, xuat hién do cdc hat nhan nguyén tir trong phan tir dao dong
quanh vi tr can bang. M&i mét gid tri AE,, s& ¢6 mét tdn s6 dao dong tuong (ing:
_ AEdd

Vdu — .

h

- Ning lugng electron E, phu thudc vao su phan bé clia electron trong phan tir. Mét mot
bi€n thién AE, cling s& la xudt hién mot vach quang phé electron.

Vay, cdc dang nang lugng c6é tinh chat gidn doan trong phan tir gém E = i, + E, + E,
va bién thién nang lugng cha phan tir:

AE = AE, + AE; + AE;: AE, (~ 0,005 eV) << AE,(~ 0,1eV) << AE, (~ 5eV).

Do d6, dang ciia quang phd phan tir phy thudc vao cdc bién thién nang luong dé. Néu
tic dong bén ngoai (quang nang, nhiét nang...) d6i vdi cdc chdt chi di dé gay nén bién
thién nang lugng quay thi sé ghi nhan duge quang phd quay thuan tdy. Néu phan tir nhan
duoc nang lugng di dé dat cdc gid tri AE,, thi quang phé dao dong s& xuat hién. Nhung vi
AE, << AEy nén mdi mot bién thién AE,, s& ¢6 nhiéu bién thién AE, k&ém theo vi nhur thé
ta s& khong ¢6 quang phé dao dong thudn tdy ma bao gi& ciing nhan duge quang phé dao
dong quay trong viing hong ngoai, con goi Ia quang phé hdng ngoai. Con néu phén tir nhan
duge nang luong bang cdc bién thién AE, thi ta s& thu dugc quang phé electron hay ding
hon 1a quang phé electron - dao dong - quay trong ving nhin thdy hay tlf ngoai (quang pho
hap thu electron phan tr UV - VIS)
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4.2.1.4. Nhimg dai lugng dac trung cha quang phé

Mobi chat chi hdp thy mot s¢ tia sdng c6 buée séng xdc dinh (hdp thu chon loc) dac
trung cho cdu tap phén tlr cba cdc chdt d6. Thi dy phd hdng ngoai cla meta-HOC,H,NO,
da nhan dugc nhu & hinh 4.5.
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2 NO,

:ﬁ- &Ll L L L L I I i
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304 5 6 7 8 9 0 12 13 Agm
Hinh 4.5. Phié hiong ngogi ciia meta - HOC H NO.,.

V1 vay, n€u xdc dinh duge cdc bude séng (hodc tan s6, s6 séng) dac trung d6 thi ta sé
biét duge cau tao phan tir cha chit nghién ciru.

Cuong d¢ (1) cla cdc ddm hap thu ting véi cdc bude séng dac trung cling 1a dai lugng
déc trung cho quang pho. Su hdp thy tuan theo dinh luat Lambert — Beer qua biéu thic:

D= Ig!-l‘l ede, 4(9)

trong dé:

D la méat do quang; I, va I la cudng do cua
anh sdng tuong dng véi trudc va sau khi di — C — ok
qua chat nghién cttu v&i ndéng do C (mol/l)
chua trong cuvet cé chiéu day d; € 12 hé 5§ e d
hap thu phan tir dac trung cho khé nang hap

thu ciia chit nghién cifu, chi phu thudce vio A

ma khong phu thuoe vao C. DA

Khi € va d khong déi thi D s& phu thugdce
tuyén tinh vao C. Do d6, dua vao dé thi phu
thuéc cva D vao € ta ¢6 thé phan tich dinh
lugng. Khi tang C dén gidi han nao dé, ¢é
thé xdy ra cdc hién tugng lién hop cdc phan

tlf, su tao phic, solvat héa,.. lam cho D C 5
khong phu thuge tuyén tinh vao C nifa. Hinh 4.6. S phu thugce mdt do quang

vao nong do chdt tan.
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4.2.2. Phé quay cia phan tir hai nguyeén ti
4.2.2.1. Nang hrong quay cia phan ta R /

Goi m, vd m, la cdc kh&i luong cha 2 uguyén 1 _é&rl% —
trong phan tr dat cich nhau mot khoang khong déi
bang do dai lién két gita chdng: R, = r, + r; 12 céc
khoang cach tir 2 nguyén tir dén trong tam cla phéan tr ¥
(g6c toa do). Phan tir c¢6 thé quay xung quanh 3 truc
toa do. Gia sir né quay xung quanh truc z (hinh 4.7).

Hinh 4.7.

Theo ¢o hgc lugng i, niang lugng quay cta phan tir ¢é tinh chat gidn doan (bi luong 1
héa) va duge xdc dinh bang cong thifc:

E, = hBj(j+1) 4(10)
) h N .
trong dé: B= — - 8ol 13 hang s6 quay 4{11)
8n”l
1=mR? 1a momen quin tinh 4(12)
mim; s s . . i Lo -
m=——"— 134 kh&i lugng riit gon cta phén tir; h 12 hang s6 Planck;
m; +m;,
j nhan céac gia tri gidn doan: j =0, 1, 2, 3, 4, 5,...va goi la s6 luong ur quay; 4(13)

Xdc dinh cdc gid tri gidn doan cha E_. That vay, néu thay cdc gid tri cua j & 4(13) vao
4(10) ta cd:

j 0 1 2 3 4
E, 0 2hB 6hB 120B 20hB

Tir d6 ta thdy cdc mifc nang lugng quay phan b6  E 4
khong cdch déu nhau. j cang tang thi hiéu hai mic - j=4
nang luong quay ké nhau (AE,) cing 16n nghia la
ching cang phian bd cdch xa nhau (hinh 4.8) v i=3

. =

4.2.2.2. Quy tic lva chon va quang phé quay j=2

Su chuyén dich cdc miic nang lugng tir trang ) 1 j=1
thdi nay dén trang thdi khdc (ing vdi j khdc nhau) > =0
s& kém theo cdc bién thién nang lugng quay va do Hinh 4.8.
d6 1a xudt hién quang phd quay clia phén . So d6 cde mire nang hrong guay.

Vi j c6 nhiéu gid trj khdc nhau nén vé nguyén tdc, quang phd quay s& gém nhiéu vach.
Nhung thuc t€ chi nhan dugc s lugng vach khong nhiéu. Diéu d6 dugc co hoc lugng i
gidi thich I cdc vach quang phé quay chi xudt hién khi ¢é sy dich chuyén giira hai mic
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nang lugng quay ke nhau (hinh 4.8), nghia 13 bién thién cdc s6 lugng tlr quay chi khdc
nhau 1 don vi (quy tdc lya chon):
Aj=21 4(14)

Gia stt j” > j va dp dung quy tdc lua chon 4(14) cho trudng hop phan tir hdp thu nang
lugng (ing véi Aj = +1, nghia la ta ¢é 2 muc nang luong quay ké nhau E (j') > E. (j). Theo
dinh nghia:

o = By E()-BE,p)
4 h h

Néu dp dung 4(10) va thay ) = j + 1, j tuong ving vao biéu thitc nay thi sé duoc tdn s6
vach clia quang pho quay:

v, =2B (j+1) A(15)

Tie biéu thitc 4(15), ta 1ap hiéu tdn s6 ctia hai vach quang phé ké nhau:

Aquvq(j'=j+l)—vq(j)=2B 4(16)

Nhir vay, quang phd quay ctia phan tir gém —
mot day vach cdch déu nhau. Khoang cédch giita 2B
hai vach ké nhau bing 2B (hinh 4.9). Hinh 4.9, Sir phdn b6 cdc vach quang phd
quay

4.2.2.3. Ung dung quang phé quay trong héa hoc

a. Xde dink dé dai lién ket

Tir quang phd quay ta do gid i 2B = Av, hay B =%. Thay gid tri B tim dugc vao
4(11) ta biét dugc I. Pem gid tri cha I thay va 4(12) s& xdc dinh duge do dai Lién két R,,.

b. Phat hién cdc dong vi ciia phan 1 '

Cdc phan tir clia mét chat duge goi 1a dong vi vdi nhau néu céc phan tir chira céc

nguyén tir ¢6 dién tich hat nhan gi6ng nhau nhung khéi lwong clia cac hat nhan dé khdc
nhau.

Thi du:

Axit clohydric ¢6 hai déng vi 12 HCI™ va HCIY vi cde nguyén ti Cl c6 cing dién tich
hat nhan 13 +17e nhung khéi lugng cha ching bing 35 va 37 don vi cacbon. Do dé HCIY
cd khoi lugng rit gon 16n hon (dong vi ning) khéi lugng ciia HCI™ (déng vi nhe). Néu chi
y d€n 4(11), 4(12) va 4(15) thi s thay tan s6 cha quang phd quay ctia dong vi nhe 16n hon
cha dong vi nang. Trén co s& d6 ta c6 thé xdc dinh duge cdc déng vi.

I‘Nhir? phtrﬂong phdp quang phd quay ma ngudi ta tim duge céc nguyén t6 déng vi nhu N'*,
chcl, oM



188 HOA LY - CAU TAO PHAN TU VA LIEN KET HOA 1OC

¢. Xdc dinh mémen ludng cuc cua phdan tw

Tiur quang phd quay cba phan tir ¢6 thé xdc dinh chinh
xdc momen ludng cuc cia phan tir bing cdch dua vao hiéu
trng Stark, dudi tdc dung cla dién truong cudng do E tir mot
vach quang phd ban ddu c6 tdn sG v, bi tich thinh nhiéu 2
vach phan b6 vé hai phia v, va d6i xing qua v,. Av av

Hiéu giira tdn s0 cla vach ban ddu va vach mdi sinh ra (Av) ¢6 lién h¢ vdi momen
ludng cuc p va cuding do dién trudng E qua cong thiic: Av = const.E*)’ trong d6 E da biét
trude, Av do dugc tlit quang pho quay va do d6 ¢6 thé tim duge p cia phan nr.

d. Tink cdc ham nhiét dong

Cic s6 liéu cha quang phé quay duge diing vao viéc tinh cdc ham nhiét dong F, G, H,
U, S (s& dugc n6i d€n & phan sau)

4.2.3. Quang pho dao dong cia phan tir

Quang phé dao déng cua phan tir bao gém quang phd hdng ngoai va quang pho khuéch
tic t6 hop.

4.2.3.1. Quang phé héng ngoai

Khi phan tir hdp thu nhitng lugng tr nang lugng ting v4i viing hong ngoai gan thi nd
thuc hién dao dong (sy xé dich cdc hat nhan nguyén tlr quanh vi tri can bang lam cho do
dai lien két R, giita ching tang vd gidm mot cdch tuan hoan) va do d6 ta sé& ¢6 quang phd

dao dong hoac quang pho héng ngoai. U
(R),

a. Quang pho dao déng ciia phdn i hai nguyén tit

Dao dong diéu hoa

Khi do xé dich cla cdc nguyén ur quanh vj trf
can bing x = |R, -R| ¢6 gid tri nho (dao dong

y&u) thi thé nang U(R) cha phan tir phy thuoc vao
khoang cdch R giita cdc hat nhian s€ bi€n doi theo
quy luat parabol (hinh 4.10): Rinh 4.10. Dao déng dién hoa.

Kx’ _K[R,-R]

UR) =
(R) 5

4(17)

Theo co hoc lugng w1, nang luong dao dong cia phin tir ¢d tinh chat gidn doan va duge
xdc dinh biang cong thic:

B, = hvr(v+%) 4(18)
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trong d6: h 1a hdng s& Planck;

v, = 1k goi 1a tdn 8 dao dong riéng;
2n Vm
k 1a hang s6 lue dac trung cho d9 bén ciia lién két, k cang 16n thi lien két cang bén,
=212 1y khoi lwong rit gon cha phan tir
my +m2

vk v=0,1,2,3,4,.. 4(19)
xdc dinh cdc gid tri gidn doan clia nang luong dao dong nén goi 1 s6 lugng tir daoc dong.

L . h
Khi v =0 thi nang luong dao dong ¢6 gi4 tri thap nhat E,, = B, = ¢

(trang thii co ban).
Cac trang thii tng véi v =2, 3, 4... ¢6 E,, cao hon (trang thdi kich thich).

Né€u phan tir dao dong diéu hda thi su hdp thu hay phét ra nang lugng chi xay ra khi c6
su chuyén dich gilta cic mifc nang luong ké nhau, nghia la cdc s6 lugng tir dao dong cia
cac mitc khdc nhau 1 don vi (quy téc lia chon):

VoV vi= v+l
hay: Av=1] - 4(20)
Ap dung 4(18) va 4(20), 1a ¢ bién thién clia hai muc nang lugng ké nhau:

AEy; = hvgy = Ey(v+1) - Eyy(v) = hv,(v+§> i hv,(v+%} = hv,

AEy =hvyy = hr}

S 4(21)
va Vdd :vl‘

T d6 ta thdy ring cdc mic nang lugng dao dong diéu hda cia phan tir phan bs cich
déu nhau mét khoang 1a AE,, = hv, va tdt ca cic chuyén mic ning lugng chi 1am xuét hien
I vach quang phé c6 tan s bing tdn s6 dao dong rienng v,, = v..

Nhu vay, dao déng diéu hoa cia phan tir la dao dong tuan theo cic bidu thiic 4(17),
4(19), 4(20) va 4(21).

Dao déng phi diéu hoa Uiy 4

Khi d¢ xé& dich hay con goi 1a bién do dao
dong c6 gia tri lon (dao dong manh) thi dao
dong s& mang tinh chat phi diéu hda. = f---

Tt dudng cong thé ning (hinh 4.11) ta
thdy theo chiéu tang cia R, lien két giita cac
nguyén tlr yéu di ddn, thé nang cia cic phan
tir ti€n t6i mét gid tri giéi han U, bing nang
lugng phan ly D (nang lugng phan 1y do dugc Hinh 4.11. Thé nang dae déng phi dién hoa
trén thyc nghiém nho hon D: D, = D- E,). ciia phan nr.

4]
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Gidi han d6 tng vai trang thai phan ly phan tlf thanh cdc nguyén tir tu do.

Tinh chat phi diéu hda clta dao dong duge biéu hién qua ham thé nang Morse:
U(p)=D(l - ¢™)? 4(22)

_ iRu - R\

trong do: P ; alahang s6

Khi p — <0 thi u(p) = u.. = D, phan tir bi phan ly.

2
Khi p — 0, 4p dung cong thitc €™ —x + "7+ dé phan tich e * thanh chudi (x = ap)

va chi giit lai hai 6 hang dédu thi 4(22) trd thanh u(p) = D(ap)’, nghia 1a dao dong khi
p—0 (dao déng y€u) s& mang tinh chidt diéu hda thé hién & doan parabol dam nét & hinh
4.11.

Nang lugng dao dong phi diéu hda duge xdc dinh theo cong thitc:
Bao = hv,(v+ % ) - hv,x(v+% 2 4(23)

¥ 14 hé s6 phi diéu hoa. Khi ¥ =0 ta c6 E,, = hv,(v+%) nghia 1a dao déng lai tr& thanh
diéu hoa.
qBié’n thién cia hai muc nang lugng dao dong phi diéu hoa ké nhau tng véi v'= v+1 va v ¢o
thé duge tinh bang cich dp dung 4(23):
AEB,: = hv, — 2hvy(v+1) 424)

Vi hv, khong thay doi nén v cang tang thi hiéu hai mifc nang lugng ké nhau cing giam, do dé
cdic mife nang luong cang sdt lal gan nhau.

B v6i dao dong phi diéu hoa, sy chuyén dich gilta cdc mite nang luong tuan theo quy tic
lua chon: V-v=Av=4],142, 43, . 4(23}

nghia 12 sy dich chuyén khong nhimg xay ra giita hai mifc niang lwong ké nhau ma ¢6 thé duac
thuc hién gilta hat mtic nang lugng bat Ki img véi v va v.

Sau khi dung 4(23) dé tinh tdn s6 cla cdc vach quang phé dao ddng cho trudmng hop nay ta
o T 1 4 1
co: v = [Eg(v7) - Ew(v}] L VL -3 - v) - v (v = V) 4(26)
Tir cong thiic nay ta thdy néu v cé mot gid tri xdc dinh con v’ thay doi thi két qua sé cho cic
day vach quang pho dao dong. Thi du néucho v=0va v’ = 1,2, 3, 4,... thi 4(25) viét cho trudng

hop phén tlr hap thy nang tuong dé chuyén tir mic c6 v = 0 lén cic mac ¢6 v' = 1, 2, 3, 4,... (ki
hiéu 0—v’) s&€ c6 dang:

Vi owy = V(1= v - viyv*? 427
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Chuyé€n mifc tir v = 0 lén v’= 1 5& cho vach co ban:

Va1 = Vo - 2er 4(28)

Ti€p theo la cdc vach ¢6 tdn s6 tang dan dng vé6i cdc chuyén mic trv=01énv’ =2, 3, 4, ...
g0l 1a cic vach hoa am (hinh 4.12)

Vi) =2V, —0V Y HB
A% -

Ve VY Vp o Vi v
Vaon = 3\'1' - 12‘%)( 4{29)

mydx

Hinh 4.12. Sir phdn b6 cdc vach quang pho
dao dong phi diéu hoa cria phdn tir,

Tuong tu ciing tir 4(25) ta ¢6 thé nhan duoc cdc ddy vach khdc, thiduv=1—> v =2,3,4...

Nhu vay, quang pho dao dong ctia phan tr trong trudng hgp dao dong phi diéu hda gém
nhiéu day vach. Méi day c6 1 vach co ban va nhiéu hoa am. Theo chiéu ting ciia v’ cdc vach hoa
am tién dén vi tri gidi han v = v, ,,— v= v, tai d6 phan 1 bi phan ly véi nang lugng phan ly ¢6
thé xdc dinh béng céic 56 liéu chia quang phd dao dong theo cong thiic:

D= 4(30)
ax
Dé xdc dinh D, cdn phai biét v,, 3. Mu6n vay ta phai do khoang céch giita 2 vach quang phd.
Thi du tir 4(28) va 4(29) suy ra:
Avi=vi—v =V, —4dvy
Avy, =vy —v =v —-bv Y

Trong hé¢ phuong trinh nay ta da biét duge Av(, Av,, v,, v, va v, v do d6 c6 thé biét duoc v,
va ¥, nghia la tinh dirge D.

Xéc dinh duge nang lugng phan ly (nang luong lién két €) cla phan ol hai nguyén tir ¢ v

nghia quan trong ca vé€ mat 1y thuyét 1an thuc tién. N6 gidp viéc xdc dinh nhiét sinh cla cic hop
chét phifc tap, tinh cdc dai lugng nhi¢t dong c6 lién quan dén cic phan tng héa hoc...

b. Quang phé dao déng cia phan tit nhién nguyén (it
Cdc loai dao dong:
Dao dong co ban:

Né&u mét phan tir c6 N nguyén tif thi s€ ¢6 3N do trr do dac trung che 3N chuyén dong doc
lap, trong dé c6 3 chuyén dong quay quanh 3 truc toa dé va 3 chuyén dong tinh tién doc theo
cdc truc d6. Nhu vy, s6 chuyén dong dao dong ctia cic nguyén tir trong phan quanh vi tr{ can
bang s& la 3N -6 (hodc 3N-5 d6i vdi phan tir thing vi chi ¢6 2 chuyén dong quay). Tat ca céc dao
dong dé goi la cdc dao dong co ban (trong mot dao dong co ban, cdc nguyeén wr dao dong co
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cing pha va tdn s6). M&i nguyén tif trong phan tif c6 thé tham gia vao nhiéu dao dong khac
nhau. Cde dao dong co ban chi xay ra khi bién d¢ dao dong cha cdc nguyén tir ¢é gid tri nho,
nghia 13 ¢6 thé bd qua tinh chét phi diéu hda ciia dao dong (y = 0).

Céc dao dong co bin lai chia ra thanh dao dong héa tri v dao dong biéh dang:

Dao déng héa tri: 12 dao doéng ma cdc nguyén tir xé
dich doc theo dudng lien két, lam thay déi do dai lien két.
Téan s& cia cac dao dong héa tri duge ki hieu 1a v.

Dao dong bién dang: 1a dao dong lam thay d6i géc héa
tri o gitta cac lién két, ki hiéu 14 3. o

Dao dong ddi xitng va phan ddi xing:

- >«

Dua vao cdc phép bién ddi d6i xing, ngudi ta chia cic dao dong co ban ra thanh cée dao
dong doi ximg ki hiéu 1a v,, 8, va céc dao dong phdn d6i ximg v, d...

Mot dao dong goi 1a d6i ximg néu khi thuc hién phép quay quanh truc déi ximg hodc phan
chi€u qua mat phing ddi xing ... clla phan tir thi do xé dich cita cdc nguyén tr ciing loai khong
d6i ddu (vin gilr nguyén hudng chuyén dong). Dao dong goi 1a phan d6i xing néu khi thuc hién
céc phép bi€n ddi d6, do xeé dich ciia cdc nguyen tr giéng nhau sé ddi d4u (ching chuyén dong
nguge v6i hudng ban dau).

Thi du:
Phan tir O = C = O ¢6 3 nguyén tir (N = 3) va 12 phan tif thing nén ¢6 3.3-5 = 2 dao dong sau

day:
ax

—O—er <0 v, $—.—6

v

Phan tir CO, ¢6 truc d6i xiing bac hai (L,), mit phang déi xtmg di qua nguyén tir C va tam doi
Xing tring v6i tam hat nhan cia nguyén tir C. Ta c6 thé ki€m tra cdc dao dong d6i xing va phan
déi xiing bing cich quay CO, quanh L,, phan chigu qua tam hodc qua mat phing d6i xung (cic
miii tén biéu dién hudng va do 16n clia bien d6 dao dong ciia cac nguyén tir).

Trong phan tir c6 thé ¢6 nhiéu dao déng khdc nhau nhung cé ciing mot tdn s6 nén goi la cic
dao dong suy bién. Thi du trong CO, c¢6 2 dao dong bién dang thuc hién trong 2 mat phang
vudng goc vdi nhau nhung chi tng véi 1 gid tri tan s6 8,

Tan s6 ddc trung

So sdnh quang phd dao dong ciia nhiéu phan tir khdc nhau chita ciing loai lién k&t (hay
nhém nguyén tir) néu thdy tdn s6 ghi nhan duwgc khong thay doi hay thay déi rat it va

khong triing v6i tdn s6 clia cdc lién két khdc (nhém nguyén tir khéc) trong phan tir thi tén
s& d6 goi la tdn s& dic trung.
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Thi du:
Lien két ¢ v (cm’) Lién ket viem™")
TR T sem0 3500 | 2 T 29753080 |
N-H 3500 -3300 C=0 1740-1690
C-H 3080 - 3030 C-N 1350-1250
C-C 2850 2925 C=N 2260-2120

Thuc t¢ $6 dim vach hdp thu bifc xa héng ngoai thu rdt it hon nhiéu so vdi s6 dao ddng
co ban (3N -6 hoac 3N - 5) vi nhimg nguyén nhan sau day:

- Hi¢n teong dao dong suy bién,

Trong phan tr ¢ nhiéu nhém nguyén tir giéng nhau. Thi du: -CH,-, -CH,, ...Su tang s&
lugng cua chiing (titc [3 tang N) khéng lam tang cdc dam hap thu m6i ma chi tang cuong
do dam vach dic trung cta cdc nhom dé.

Chi nhitng dao dong lam thay ddi momen ludng cuc cha phan tir thi mdi xuit hién
dugc trong quang phé hong ngoai vi cudng do coa cic ddm vach hip thu ti 1& v&i binh

2
phuong dao ham bac nhat cla momen ludng cuc theo do dai lién két: 1 «-[2—“] (cdc dao

dong phan doi xing lam thay doi p neén cic tdn s6 cla ching duge ghi nhan trong quang
phé héng ngoai).

¢. Ung dung phé hong ngoai irong héa hoc

- Xdc dinh cdu tao phdn iy

Phd héng ngoai ¢6 nhimg ddm hap thu dac trung cho ting loai lién két hay timg nhém
nguyén tir trong phan tr. Do d6, néu xic dinh duge cic tdn s6 dac trung dé thi ta s& biét
dugc trong phan tir c6 nhimg lien k&t gi? Nhém nguyén tr ndo? vi tri cla chitng ¢ dau?
nghia 1a xdc dinh dugc cau tao ¢tia phan (.

Thi du: Xdc dinh cong thic cdu tao cita C;H,N. Muén thé, ngudi ta ghi phé héng ngoat
cha chat dé:

0 11 12 13 44 1'51'6}.1.
T% T T T T T T T T 4 T T T T LI B
709

80 [
6o |
44

20

o Y
¢ P Y ' i 1 I 1 L ) P T T S L L L . L

£000 3600 200 2800 2400 2000 7900 1800 (789 1600 1500 1400 1340 1200 ficd fego 300 880

Hinh 4.13. Phd hong ngoai ciig C;HN.



HOA LY - CAU TAO PHAN TU VA LIEN KET HOA HOC

Phén tich két qua:
Tin s& (cm™) Nhém nguyén ti Ghi chu
3520, 3430, 3290 -NH, Dao d0ng héa tri
3030 C-H Dao dong héa tri (& vdng benzen}
2925 CH, Dao dong héa try
1622 -NH, Dac d6ng bién dang
1588, 1494, 1471 {Vong ben zen)
1442, 1380 CH, Dac déng bign dang
1268 C-N Dao dong héa tri
748 C-H (trong CH, ¢ vi tri ortho)

K&t luan: tlr cdc ket qua trén ta thiy trong C,H,N ¢ vong benzen, nhém NH, va nhém
CH; & vi tri ortho. Vay cong thic ciu tao phan tir clia chat dem xdc dinh la:

- NH,
P a ortho-toluidin
-CH,

- Nghién citu tuwong tdc phdn niy

Khi ¢6 twong tdic phan ti, cdc tan 56 dac trimg va cudng do clta cic ddm hap thu sé bi
thay d6i. Dua vao sy thay d6i d6 ma ta c6 thé nghién ciru tuong tic giita cdc nguyeén i cita
cdc lién két trong mét phan tir hoac giifa cdc phan tlr véi nhau.

Twong 1dc bén trong phdin nr

Thi du: né€u trong mot phan tr ndo dé, bén canh lién két phan cuc C° =07%¢6 cic
nguyén tr véi d6 am dién 1on (cdc nguyén tir halogen X = F, CI, Br, I) thi tdn s6 dac trung
clia lien két C = O s& tang lén. Hién tugng d6 ¢é thé giai thich 12 do su hat ddm may
electron cua lién két C = O vé phia nguyén tir X lam cho do phan cuc ciia C** =07° bj
giam, nghia la lam tang do bén cla lién két dé va vi vay sé lam tang tdn s6 dac trung cla
nd.

Thi du: Dai véi axit axetic:

+J +o - +
CH,-C-0O-H vi Xe«CH,«CeO-H
0 <!
o -
ta thay si chuyén dich ddm may electron nhu vay khong phai chi lam ting do bén cia lién
két C = O ma cdn lam cho lién két O —H bi phan cuc manh (do bén cia O - H giam di) va
do dé, hing s& phan ly clia axit sé tang lén:
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Chat Ve, (em™) K phan ly
CH,COOH 17121 1,86.10°
CICH,COOH 1736 1.55.10°
CI,CHCOOH 1751 5.00.10°

Twong tde giita ede phdn ne

Nghién ciu sy thay d6i quang phé hdp thu clia phan tir cdc chat bi hip thu ta ¢ thé biét
dugc sy thay doi hay phd v& cdu triic phan tir trong truding luc coa céc chat hip phu va sy
tao lién két hoéa hoc giita cdc chét bi hdp phu va bé mit cla chat hap phu. Diéu dé cd v
nghia rit quan trong d6i vdi cdc vin d€ hoat hda cdc phin tl trong qud trinh xuc tic dj thé.

Nghién citn dong hoc va co ché' cdc phdn ting héa hoc

Vi trong cdc phin tng héa hoc, mot s6 lien két bi pha v& (cdc chdt tham gia phan ting
bi phan hiuy) vi mét s6 lién k&t mdi duge hinh thanh (tao cdc sin phdm phan (ng) nén tin
$6 va cudng do cua cdc dim vach ¥ng vdi cdc lién két d6 s& bi thay doi theo thoi gian.

Vi vay, dé nghién ciu doéng hoc phan Ging héa hoc, ta 14y cdc miu khéc nhau tir hén
hop phan ting & nhitng th&i diém khic nhau dem ghi phé. Tir két qua nhan duge ta xdc
dinh hang s¢ tdc do bang cach dua vao sy phu thudc giita cudng d6 hay mat do quang va
néng do.

Thi du: Déi véi phan ng bic 1:

A->B+C+..
Hang sd tdc do duge xdc dinh theo phuong trinh:
1 C
k=-In—=
t C,-x

trong do: k 12 hang s tS¢ do; t 1a th¥i gian; C, 1a ndng do ban diu cha A; x 12 néng do A
da phan tng & thai diém t; C, - x 12 "néng dd con lai” & thai diém t cha A.

C, ti 1&¢ véi D, mat do quang ctia ddm hdp thu dic trung cho chidt' A & thoi diém ban
dau, C, - x ti 1¢ véi D, - mat do quang cla dam hap thu dic trung cho chat A & thoi diém t.

1 D

kK= ~ln=o D, 4
LD, "D,
suy ra ln& =kt
D,
Tir phé ghihnhan 1duc;c ta xdc dinh D,, % 1ga=k .
D, xay dung dé thi dé tim k (hinh 4.14). '
Tinh cdc dai heong nhiét dong Hinh 4.14, Xic dinh hdng s6'16¢ dg phdn ing.

Theo vat 1y théng ké thi do6i véi cdc khi 1Y tudng, cdc ham nhiét dong (U, H, S, F, G)
déu ¢6 thé biéu thi qua téng trang thii Z:
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7 = 3 o-EI/KT

Eila nang lugng cita phan tiri =1, 2, 3, 4,..., k 13 hiing s Boltzmann. Giiia niang tugng
tur do (th€ ding nhiét dang tich) F va Z ¢4 lién hé: F = -RTInZ. Do dé, n€u biét duge Z ta
$€ tinh dugc cdc ham nhiét dong khac.

Thi du: S= -(a—FJ , U=F+TS
JT A%

Z c6 thé tinh nhu sau: Nang lugng cia phan tir bao gém nang luong tinh tién E,, ning
lugng quay E,, nang lugng dao dong E,, va nang luong electron E,:

E=E +E,+Ey,+E,
cdn téng cac trang théi tuong tng véi céc dang nang lugng dé sé la:
2Z=2.2,7,472Z,

Tir thyc nghiém, ta xac dinh dugc Z,, Zy. Ly, Z, va do d6 tinh duge Z. Thi du d6i véi
phan tir hai nguyén ur (chat khi) ta ¢6

2, = 2Ly (m 13 kn6i luong ciia phan i, V 1a thé tich khi)
. h
8 kT X AU e
Z,= . [ (I 1a momen quén tinh cda phan tir xdc dinh tir quang phé quay).
Za = 1 "(v, tim duoc tir quang phd dao dong).

(1 _e—lwl.fkT)

Z, =g ™M 1 e Lo +... (E, 12 nang lugng electron & trang
thiai co ban, E,, E,,...1a cdc mic ning lugng electron & cic trang thai kich thich ¢é6 thé xic
dinh tir quang phé hip thy electron phan ti, g; 1a trong lurong thong ke 1a ti 56 giita gid tri
mitc nang lugng i ndo dé va tong tdt ca cdc muc nang luong electron cia phan tir:

E, E
; ,thidu g, = i .
g; in 1 B E, +E, +E, +_

-EafkT

4.2.3.2. Quang pho tin xa té hop (phd Raman)

Phan ur cha chat khi, iéng va rdn khong chi hdp thu, phdt ra ma con ¢6 kha nang lam
tin xa (khuéch tdn) dnh sdng.

a. Tdn xa thuong

Anh séng khi di qua moi trudng chit nghién citu s€ bi cdc phan tir cia chat dé lam tin
xa mot phan theo nhi¢u phuong khdc nhau (hinh 4.15). Néu 4nh sdng bi tin xa vin gifr
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nguyén tan s¢ ban dau trudc khi di qua chat nghién ciu (v = v,) thi a ¢6 tdn xa thuong
hay con goi 14 tdn xa ¢d dién.

N Iv

Chat | \

Hinh 4.15. Hien negng tan xa dnl sang.

'
>

b. Tén xa té hop

Bén canh phdn tdn xa thudng cdn ¢6 mot phin dnh sing bi tin xa vSi sy thay déi tin s6
(v #v,). Hién tugng dé goi 1a tdn xa t6 hop.

N€u chiéu vao mot chit nao dé mot chim 4nh sdng don sdc ¢é tan s6 v, cho trude (dnh
sdng kich thich) thi trong quang phoé tdn xa 8 hop clia chat d6 (hinh 4.16);

’

V.z Vo Vo Vg Viz

Hinh 4.18. Quang phd tin xa 16 hop.

Bén canh vach kich thich v, cé cudng dé 16n nhét (vach tin xa thudng) con ghi duge cic
vach khdc co tdn s 16n hon hodc nhé hon v, nhung cudng do clia chiing nh6 hon nhiéu so
v@i vach kich thich. T4t ca cdc vach dé hop thinh quang phé tdn xa té hop ciia chat duoce
chi€u sdng. Tan s6 cba cdc vach quang phé tdn xa 18 hgp duge xic dinh theo cong thic:

vy =V, Vv, 4(31)
trong dé, v, 1a d¢ xé dich cia tan s6 (chinh 1a tan s& dao dong riéng cOa phan 1lr). Nhimng
vach ¢6 tin s6 nho hon v, duge ki hiéu 1a v. = v, - v, , goi 1a cdc vach Stock (vach do).
Nhitng vach c¢é tan s6 1on hon v duge ki hiéu 12 v, = v, + v, goi la cdc vach déi Stock
{(vach tim). Tir hinh 4.16 va cong thirc 4(31) ta thdy mdi gid tri v, (Ung v&i mot lién két xdc
dinh trong phan tir) s& cho mét cap vach Stock va dai Stock d6i xitng nhau qua vach v,.
Cudng d¢ cita cde vach Stock 16n hon cudng do clua cdc vach d6i Stock.

c. Gidi thich quang phé tén xa (6 hop

Gia sur E, 1a nang lugng ban ddu cia phan tir (lic chua ¢é 4nh sdng tic dong), hv, 12
ndng lugng cua photon trude khi bi tén xa. E va hv 1a nang lugng tuong Ung cla phan tor va
photon sau khi chiing va cham nhau.

Theo dinh luat bao toan nang lugng cho mét hé gém c6 mot phan tir vd mot photon, ta
co thé viét : E, + hv, = E + hv, do dé:
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v, = ]V'\"u|= |ElI_E|

4(32)

Tir cong thitc nay ta suy ra ba truong hgp:

1. E=E, do dé v = v,. Trong trudng hgp nay va cham 1a dan héi gitta phan tlr va photon
tirc 12 khong ¢6 su trac d6i nang lugng gitra ching. Tén s6 4nh sdng tan xa khong déi
va theo dinh nghia thi d6 1a hién tuong khuéch tdn thudng (hinh 4.17a).

hv, hy

(a) (b} {c)

Hinh 4,17, Cdc trudng hop dn xa:
a. tdn xa thudng;

b. tdn xa vdi sur gidm efla tdn o
Cc. tdn xa vdi su tang cla tdn 56,

2. E > E, tir dé v < v,, nghia la sau khi nhudng nang luong cla minh dé kich thich dao
dong, photon bi tdn xa véi su giam tdn s6: ta thu duge cdc vach Stock. Phin nang luong
ma photon bi mdlt di cdn thiét dé cap cho phan tir chuyén lén mic niang luong cao hon
(hinh 4.17b).

3. E<E, téc [a v > v, Trudc khi va cham, phan tir di ¢ trang thdi bi kich thich. Khi va
cham, phén tir s& nhudng mot phdn nang lugng cho photon va chinh phan tir s& & vé
trang thdi cé nang luong thap hon. Vi vay, sau khi va cham, photon s& tin xa véi tin s6
16n hon. Ta s€ ghi nhan duge cdc vach dai Stock (hinh 4.17¢).

Vi & nhiét d6 binh thudng s6 phan tlr d trang thai bi kich thich rat it so véi s6 phan tir &
trang thdi binh thudng cho nén sy va cham gifta photon va phan tir & trang thai kich thich
xay ra vai xdc sudt bé hon so voi xdc sudt va cham gifra photon va phan tir & trang théi
binh thuong. Vi vay, cudng 0 cla cdc vach Stock 1én hon ctia cdc vach d6i Stock.

Dic trung cha quang phé tdn xa 16 hop khong phai 12 tdn 56 cla cdc vach Stock hay déi
Stock ma la do x¢ dich cua chiing so vdi tan s6 v, nghia 1a gid tri tuyét déi v, -v,| = v,
mdi dac trung cho cdc chat duge chi€u sdng (vi v, tritng vdi tan s6 dao dong riéng cla
phan tir). Nhu vay la phuong phdp quang phd tan xa 16 hop cho ta kha ning nghién cttu
dao déng cita phén tir mot cdch gidn tiép trong ving nhin thiy.

Néu thay tan s6 bang budc séng t2 ¢6: v, =c [L - LJ )
o Ay

hay v, =c.AV 4(33)
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V1 van 16¢ dnh sdng trong chan khong (c) 12 khong déi nén hiéu céc s6 séng AV (cm™)
cling 1a dai luong dic trimg cho cdu tao cla cdc chat.

Thi du: AV, = 3670-3590 em™, AV .y = 3500-3300 cm'..., nghia Ia tring véi céc tin
s0 dao dong dac trung cda cdc lién két ghi nhan truc tiép trong quang phd héng ngoai.

Mot dac trung nifa clia quang phé tdn xa td hop 12 chi ¢é nhimg dao dong ndo lam thay
déi do phan cuc o cla phan tif thi méi ghi nhan dugce bang phuong phdp quang phd tdn xa

2
t6 hgp (vi cudng do vach phd 1 ti 1& vdi (_S_aﬁ] ). D6 1a cdc dao dong ddi ximg.

Phuong phdp quang phd tén xa 6 hop ciing ¢6 nhing ing dung nhu quang phé héng
ngoai. Ca hai phuong phdp nay hé trg 1an nhau cho ta biét mot cach diy dit vé dao dong
cua phan tir,

4.2.4. Quang pho hip thu ti ngoai — nhin thiy (UV-Vis)

Quang pho 1 ngoai cila phan tir xuat hién 1a do cdc electron trong phan tir chuyén doi
tir mife ndng lugng nay sang mifc nang luong khdc (tir orbital nay sang orbital khdc) khi
ching hap thu nang lugng trong ving nhin thiy hay tir ngoai. Do dé, quang phd hap thu
trong vung nhin thay hay tit ngoai clia phin tIr cdn goi 12 quang phé hap thu electron phan
.

4.2.4.1. Cac loai chuyén doi electron

Trong phan lién két héa hoc ta da bi€t c6 hai loai electron tham gia tao lién két cdng
hda tri, d6 la cdc electron o tao lién k€t don thi du nhu C -H, C- C, ...va cic electron 7 tao
lien k&1 boi: C=C, C=0, C=N,... Ngoai ra, cdn ¢4 céc cap electron khong chia con goi 1a
cic electron n (trong cac nguyén tr O, S, N...). Cdc electron n & trén céc orbital phan tir
khong lién két (con goi 1a orbital n).

Ning lugng cua cdc orbital phan tir phan bé theo trat ty sau day:

Exr Tir d6, ta ¢6 céc loai chuyén dbi electron:
G
. a. Cdc chuyén ddi electron tir cdc orbital lién két sang cdc orbital phan
— lién két tuong ing. Loat ndy dugc ki hieu A N — V gém ¢6 céc
— n chuyénddic > o' van -«
— T b. Cdc chuyén doi electron tir orbital n 1én cdc orbital o° va x". Cic
G chuyén ddi n— ¢” vin — " duoge ki hieu 13 N— Q.

M6i mot chuyén doi electron giita cdc MO d6 s& ddi hoi hdp thu mot gid tri niang luong
bang hiéu cic mirc ning lugng gilta cdc MO goi [a nang luong chuyén mdc electron phan
tr. Moi mot gid tri nang lugng chuyén mic dé cé mot tan s6 hay bude séng xdc dinh:

AE=hyv=h<
A
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AE vang song Trong cac hyp chat

u Trong cic hop chilt khéng cé cdc clectron nva n
Tir ngeai xa (A <2000 A) | {hydrocacbon no...)

Tit ngoai X : | Trong cic hop chidl no nhung ¢é chita cic cap
‘55,,_,0— = F*G- - Ly 3 -3 clectron khong chia (chita cic nguyen nr O, N, S):
n—o T

- R,COR.. ROH, RNH,..,

S . dii hon so vai | Trong cic hop chit ¢6 lien két = biét lap:
n

n ' o VLA *
T30 n—g
Tir ngoad pén Trong cic hop chil cé chita cic nguyén ur O, N, §
AR o =E . -E; o tham gia lién két n. Thi dw: trong cic hop chat cé
(h =2000 + J00C A ) ciic lién két C=0, C=8, N=N, N=0, C=N....
Viing nhin thay Trong cilc hop chal lién ké1 doi luan hop,
AE L =E . -E, o

(& = 4000 T000 A )

4.2.4.2. Ung dung cia quang phé hip thu electron phan tir trong héa hoc

Ciing nhu quang phé dao déng, quang phd hip thu nhin thay va tlr ngoai (UV-VIS)
dugc ting dung dé xdc dinh cdu tao phan tr, phan tich dinh tinh, dinh lugag, nghién citu
anh huéng tuong tdc phan ur, dong hoc va co ché€ cha phan iing héa hoc, tinh cdc ham
nhiét dong ...

Déi tugng chil y&u ciia quang phé UV-VIS 1a cdc hop chit ¢6 chita lién két boi, dac biet
la cic lién két d6i luan hop vi cudng do cdc ddm hdp thu clta chiing 16n (dé quan sit).

Thi du: D€ xdc dinh cau tao phan tif ngudi ta ciing dua vao céc budc song ddm hdp thy
dac trung cla timg lién k&t d€ phét hién chiing (bang 4.3).

Bang 4.3. Budc sdng dic g cia mot so' lién ket

Lién két A ( ;\ ) Lien két »( A )
c-c 1750 c-cC 1930
C-0H 1860 c=C 1880 — 21350
C-Br 2000 C=0 2800

hoac c6 thé quan st duge cdc qua trinh bién d6i héa hoc, ching han nhu d6i véi qué trinh
hé bién xeton va enon:

CH,-C-CH,~C-OCH, < CH,-C=CH-C-OCH,
| ) i
o} 0 OH 0

A =2750 A % =2450 A
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Trong thuc 1€, ta thudng gip cdc chdt véi mau sic khic nhau ¢6 nhiéu ng dung nhu
cdc chit chi thi mau ding trong phan tich hda hoe, cdc loai thudc nhudm...

Duya vao co sd ly thuyé€t (phuong phip MO, thuyét trudmg ligan) va két hop véi quang
pho UV-VIS ta ¢6 thé giai thich mau sic ca céc chat:

Mau sic cha cdc chat 1a do ching hap thu dnh sing trong ving nhin thdy (quan sat
duge bang mat thuong).

D6i v6i cdc chat duge tao thanh tir cde ion ¢6 vo electron bdo hda hoidc tir cdc phan tlr
c6 lién két don (o) thi cde chdt d6 khong c6 mau vi chiing hap thu trong viing 1l ngoai xa.

Thi du: Acy, =1250A, Ay, = 1900 A.

Con cédc hgp chdt ma cdc phan ur cia chiing ¢6 lién két luan hop thi s& hdp thu 4nh sdng
trong viing nhin thay nén ching c¢é mau.

Thi du: HSO, - ©_ N=N- @ - N(CH,),: Metyl da cam

{miu da cam)

0O
[l

-0OH
Alizarin {mau vang)

Il
O

(CH), N- @— (IZ =©— NYCH;)»  Tinh thé mau tim

@ {mau da cam)
|

N(CH,),

Su chuyén dich cdc dém hép thy vé viing c6 budc séng dai (tir viing tif ngoai sang ving
nhin thay) cang nhiéu khi s6 lién két « (n) trong phan tir cang tang (vi din dén nang lugng
chuyén mifc AE giam di) (hinh 4.18).

Thi du: Baoi véi C:H;(CH = CH),C.H; ta ¢6: \ /

Doiaay ] " a(a)
2520 | 5 | 4340

\
AE
4 v A
3180 | 6 | 4580 N \ / ﬂ—!
" ‘*x\\\ ii::::::

3520 7 4740
3770 11 5300
4040 15 5700

L W M — D

Hinh 4.18.
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Diéu d6 c6 thé gidi thich bing phuong phip MO.

Nhu ta da bigt, thuy€t trudong ligan duge ting dung vao viéc giai thich mau sic cla cic
hop chdt kim loai chuyén ti€p.

Do nang lugng tach A (higu gifta hai mic nang lugng cha hai orbital d, va d, trong cic
phifc chat cla kim loai chuyén ti€p) khong 16n, cho nén sy chuyén doi electron tir orbital
d, 1én orbital d, ¢6 thé thyc hién dugc nhd hip thy dnh sdng nhin thdy va vi viy ma cdc
phirc chat kim loai chuyén tiép c6 mau sac.

E A
Thi du: Dung dich nuéc cua Ti** cé mau

tim 14 mau cha phic chat [Ti(H,0)]" do né d,

hdp thu 4nh sdng véi A = SO00A dé chuyén
mot electron tir orbital d. lén orbital d, ¢hink
4.19).

Anh s::ing
5000 A

de

Gifta nang lugng chuyén mic AE (ttc 1a A)
va bude séng cua dnh sdng bi hap thu ¢é lién
h¢ v6i nhau theo cong thic: Hinh 4.19. Sir churyén rdi electron d. - d,

' trong phitc chdt [Ti(H.0),]*".
A=AE=h<
A

Tir quang phé hdp thy electron ctia cdc phifc chat kim loai chuyén tiép 1a do dugc A va

do dé tinh dugce A (trong trudng hop cia [Ti(H,0)]", A= 5000 A — AE = A= 57kcal/mol).

Tir quang phé hdp thu electron phén tir, ta ¢6 thé tinh dugc tich phan trao déi (tich phan
cong huong) 3.

Thif du d61 véi phan tir etylen theo phuong phédp Hiickel & chuong 3 ta cd;

E.. = o - B (cOa orbital ') vd Ey = o + {3 (clia orbital 7). Hiéu hai muc nang lugng do
¢6 lien hé véi bude séng cua dnh sdng bi hdp thu theo cong thic:

Ep""E“‘:AE:'zB:h%

Tir quang phé hap thu electron cila etylen, ta bi¢t duge A mi né hdp thy vi do d6 tinh duoc .
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CAU HOI VA BAI TAP CHUONG 4

1. Cic phuong phdp momen ludng cuc va do khic xa phan tr giai quyét dugc nhitng van
dé gi vé cdu tao phan i, lién két héa hoc va nhitng dng dung khic?

2. Trinh bay cdc dac diém, ngudn géc cha quang phé nguyén tir vd quang pho phan tr,
quang phé hdng ngoai va quang phé Raman.

3. Quang pho quay, quang phd dao dong, quang phd hdp thy electron phan tif ¢6 thé ghi
nhan duge & dang thuan tdy khéng? Tai sao?

4. MBSi loai quang phé néi trén c6 thé cung cdp cho ta nhitng thong tin gi vé ciu tric
electron, cdu triic hinh hoc va lién két héa hoc trong phan tir.

5. Tai sao s& vach quang phé dao dong thure t&€ lai it hon nhiéu so voi ly thuyét.

6. Thé nao 14 phd dao dong hoat dong hdng ngoai? The nio la dao dong hoat dong tdn xa
6 hop?

7. Clobenzen c6 p, =1,53D ( [i) huéng tir nhan benzen ra ngoai), anilin ¢é y, = 1,6D (i, hudng

tr ngoai vao nhan benzen). Hay tinh p coa ortho-cloanilin, meta-cloanilin vi para-cloanilin.
(BS: p, = 1,56D; p,, =2,17D; p, =3,13D)
8. Xdc dinh tinh chat ion cha lien két va s6 dién tich hiéu dung Z' clia cac phan tr sau day (cé

momen ludng cuc pt (D) va do dai lien két R, (A ):

phan tir : HF HCl HBr HI

WD) 1,83 1,08 0,82 0,44

R(A) : 0,92 127 1,41 1.61
(bS: phinur. HF HCl HBr HI

tinh chat ion cta lién két (%): 41 18 12 6 )
9. Tinh do khiic xa cia axit propanoic C;H;COOH (M = 74,05)

a. 'Theo cdc s liéu thye nghiém:

n = 1,38736; d =0,9871 glem’ (& 20°C).
b. Theo dd khiic xa ctia cic nguyén tir:

Re = 2,418em’, Ry = 1,100cm’; R, = 1,525em™; Ry, = 2,21 lem”,

S  a.R=17,68cm*
b. R = 17,59cm"
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10. Axetoaxetatetyl tdn tai O trang thdi can bing ho bién gilta hai dang xeto va enol:

CH, CH
RN VRN
H‘C - (l:«l‘ cljl'OCZHﬁ H'{C - (lj (|;|‘ = OC2H_§
O O\ .O
H
xeto enol

a. Cho bi¢t do khiic xa ctia cdc nguyén nr.
R¢=2.418cm’; Ry; = 1,100cm™; Ry = 2,21 lem®
R.o. =1.643¢m™ R . (s aoi gita hai mguyen ey = 1,733cm’
Hay tinh d6 khiic xa phan tir ciia hai dang xeto va enol
b. Thyc nghiém (xdc dinh theo d, n) cho R =32,3059 cm®. Tinh hing s& can bing hé bién,
(DS: a. Ry, = 31, 573cm’; Ryiren = 32,620 cm’, b. K =2,33).
11. Phé quay cia HCl gém diy vach véi cdc s6 song: 83,32; 104,13; 124,73; 145,37, 165,89;
186,23cm’"; my, = 1,008; m,- =35,457. Hay :
Tinh: Hang s6 quay B, momen quan tinh I va khodng cdch 1y, .

(DS: B = AT“ =10,4 cm’!

I=2.69.10%gem?
Two=1,29.10%cm)

L=

Ny
]
T

12. Cdc ddm phé hap thy hong ngoai cla
C,H,OH & néng dé khdc nhau duge thé
hién & hinh bén.

3

O
o
T

Hay giai thich anh hudng cua néng do
C,H:OH dén cdc ddm phd néi trén.

(DS: Cidc dam 2835 va 2950 cm™ 1a clia . 100 , .
lien két C-H khong bi anh hudng boi 4000 2500 3000  cm? 2500
ndng do C,;H,OH.

HE 50 48p hy (%)

Oy
-
T

g
5

Céc dam 3515, 3350 va 3640 cm™ 1a clia lién két O-H tham gia tao lién két hydro & céc
dang dime, polime va monome tuong img va phu thudc vao ndng do ctia C,H.OH.

Et Et Et

3515cm 3350cm! 3640cm!
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