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Dinh nghia

* S3n pham cla phan &ng acid — base Lewiss
— Acid Lewiss (nguyén tir trung tdm - NTTT): orbital hda trij trong
— Base Lewiss (ligand, phoi tir): doi electron hda tri khong lién két
— Lién két gitra NTTT — ligand: lién két cong hda tri cho nhan (lién
két phoi tri)
— SO phoi tri: so lién két phdi tri thwe hién duoc gitta NTTT va
ligand
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Ligand mdt dau noi

* Ligand lwdng thu:

— CO nhiéu doi electron trén cac nguyén tl&r khac nhau nhung chi
tao dwoc mot lién két phoi tri
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Mét sé ligand lwdng thu: NO,~, CO, CN—, SCN-
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Ligand khéng phai la ligand lwdng thu



Ligand da nha

* Ligand chelat (ligand vong cang):

— Cé nhiéu doi electron trén cac nguyén t&r khac nhau va tao nhiéu
lién két phoi tri dong thoi voi NTTT

— ligand 2 nha, 3 nha, ....
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Vi du vé suw tao phtrc cua NTTT vdi ligand chelat

N o CH, CH-

{ o | Ni |

N CH, /‘ \ CH,
k} g@ \NH: NH:/

O Cl
O
Philrc chat cia ion kim loai vai ligand Phirc chat [Ni(en),Cl,]
EDTA (ethylendiamintetraacetic acid) - SO lvgng ligand: 4
- SO lwgng ligand: 1 - S6 phditri: 6
- SO phdi tri: 6 - Ligand en (ethylendiamin): 2

- Ligand 6 nha dau noi (ligand 2 nha)



SO phai tri va dang hinh hoc cua phirc chat

2 Thang hang @ [As(NH)IY [CuCl]
9
-
90o

4 Vudng phang Jﬁ [Pd(NH,),]%*, [PtCI,]*~
A T dién 109-5& [Zn(OH),1%, [Cu(NH,),]**

Bat dién

ﬁ%" [Ni(NH,),CL,], [Fe(C,0,)5]*
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Déng phén céu truc

— DPong phan lién két: thay d6i dau ndi cda ligand ludng thi
 Vidu:
[Co(ONO)(NH,).]CI va [Co(NO,)(NH.).]CI

Nitritopentaammincobalt(ll) clorur Nitropentaammincobalt(ll) clorur

— DPoéng phan phdi tri: thay doi vi tri ligand
e C3u ndi— cau ngoai
[PtBr(NH,),JNO,  va  [Pt(NO,)(NH,),]Br
[CrCl,(H,0),]CI.2H,0 [CrCI(H,0).]Cl,.H,0 [Cr(H,0),]Cl,
e Gilra cac cau ndi vdi nhau

[Co(NH,;)¢] [Cr(C,0,);] va  [Co(C,0,);] [Cr(NH;)]



Doéng phén ldp thé

* Pong phan hinh hoc: vi tri cla cac ligand gidong nhau so
voi NTTT
— Phurc chat bat dién va vudng phang
— Cé it nhat hai loai ligand
— Cac ligand gidng nhau cung phia v&i NTTT: cis —

— Cac ligand gidng nhau & khac phia so v&i NTTT: trans -

cl._ LNH;  HsN. .Cl

Pt Pt
ca”” TSNH, o N,

i gt e & o Cisplatin Transplatin
Cis-tetraamminedichlorocobalt ['rans-tetraamminedichlorocobalt

(I1T) 10n (Violet) (ITI) 1on (Green)
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boéng phén lGp thé

* Dong phan quang hoc
— Anh qua guong khong trung véi chinh né
— Phirc chat bat dién va t& dién
— Phirc chat cé tinh bat doi xirng

Optical isomers

Mirror
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M6t vai tinh chdt cua phire chét

e Mau sac
— Phirc chat cda kim loai d thuwong cé mau

— Do su dich chuyén electron d tir orbital d ndng lvong
thap |én orbital d nang lvgng cao

— S dich chuyén electron d nay hap thu nang lugng anh
sang trong vung kha kién (vung VIS)

— Phirc chat c6 mau phu vdi mau hap thu
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Mau nhin  Mau bj hap

thay

Violet
Red-violet
Red

Orange

thu

Budc séng
anh sang hap
thu

700 nm

600 nm

550 nm

530 nm

500 nm

450 nm

400 nm

[Ti(H,O)qJ*"

Absorbs in green yellow.

Looks purple.

(a)

Absorbance

400 500 600 700
Wavelength (nm)

(b)
Copyright © 2006 Pearson Prentice Hall, Inc
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Mot vai tinh chat cua phirc chat

* T tinh
— Nghich tu:
* Khuynh huéng bi day khi dat vao tlr truong
* Khong co electron ddc than
— Thuan tu:
* Khuynh hudng huat khi dat vao tu trwong
* Co electron doc than

* Moment tir do s déng gop cua electron doc than:

U= 2\/5(5 +1) = \/n(n + 2) (BM — magneton bohr)
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Ly thuyét giai thich lién két hinh thanh
trong phure chét

e Thuyét lién két hda tri (Thuyét VB — valence bond
theory)

e Thuyét trwong phoi ti (Ligand field theory)

e Thuyét orbital phan t& (Thuyét MO — molecular
orbital theory)
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Thuyét VB

NTTT co6 orbital hoa tri: (n-1)d, ns, np, nd

(n: s6 th& ty chu ki)
NTTT st dung mot s6 orbital hda tri trong dé lai héa >
cac orbital lai héa cd hinh dang va nang luvgng giong
nhau
NTTT s dung cac orbital lai hdéa xen phu vdi orbital
chira doi electron hda tri cta ligand = lién két cong hda
tri cho nhan
Lwu y: truede khi lai hda, NTTT cé thé thyc hién viéc dén
electron



* Vaitrang thdi lai héa théng dung cia NTTT trong phirc chéat

SO orbital | Cac orbital dung dé lai héa | Dang lai héa | Dang hinh hoc (cau
lai héa cua NTTT hinh phtrc chat)

2 1 orbital ns va 1 orbital np sp Thang hang
4 1 orbital ns va 3 orbital np sp3 T dién
4 1 orbital (n-1)d, 1 orbital ns dsp? Vudng phang
va 2 orbital np
6 1 orbital ns, 3 orbital np va sp3d? Bat dién
2 orbital nd
6 2 orbital (n-1)d, 1 orbital ns d?sp3 Bat dién

va 3 orbital np

n: sé thu tw chu ki
Sw dung orbilal (n-1)d: phurc d trong
Sw dung orbital nd: phtrc d ngoai
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Vi du: Sw hinh thanh lién két trong phurc chat [Ni(CN),J?~

Orbitals of Ni%* io

U252 2KNE
3d 4s 4p
dsp” hybridised orbitals of Ni%*
______ dsp” bybridised
1144 [ 14 4
sd s 4p
[NI(CN) > .
hUAbHAb A< | [ X ix X
Four;rairsof
electrons from

* Phirc chat [Ni(CN),]*:
— NTTT lai hoa dsp?
— SO phdi tri cha NTTT: 4
— CAau hinh phtrc chat: vuong phang
— Phirc d trong

— Phtrc nghich tu
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Vi du: Sw hinh thanh lién két trong phtrc chat [Co(Cl),]

Orbitals of Co® ion ,
* Phirc chat [Co(Cl),]™:
#i41111]14 :
e 6 4 — NTTT lai héa sp3
sp” hybridised orbitals of Co™
5p’ hybridised _ 56 phdi tri cia NTTT: 4
} {|: E , ,
B0 R — Cau hinh phtrc chat: tr dién
8d ds 4p
[CoClg)” — Phlrc thuan tu
141111 x| pxix[x
3d s 4p
Four pairs of

electrons from 4C1™
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l.

Bai tap

Vé cong thitc ciu tao cda cdc dong phan hinh hoc va dong
phan lién k&t cda phiic vudng phang: [Pt(NH:)(SCN):]
Vé cdc cong thifc ciu tao c¢6 thé c6 clia cdc ddong phan va
x4c dinh loai dong phan cia mdi phitc chat sau:

a. [CO(NH3)4(N02) 2]

b. [CACL,(SCN)|>

Cdc phtc chidt sau diy 1a nghich tiu: [Cu(NH:):]*

[Au(CN).]*, [Zn(OH):]?>. Hay xdc dinh s0 oxi hda va ciu
hinh dién t0 cua ion trung tdm, trang thdi lai héa va ciu
hinh khong gian cua phifc chit.



Bai tap

4. Phirc [NiCl,]% thuan tir v&i 2 dién tir doc than con phic
[Ni(CN),]> lai nghich tir. Hay tim cau trdc thich hop
cho hai phirc chat trén.



Thuyét trwong phoi to

 Dua trén mo hinh tuvong tac tinh dién gilra ligand (dién
tich diém am hay cac ludng cuc) va NTTT
 Hwdng tuwong tac cua ligand vdi cac orbital d cua NTTT

- thay d6i m&rc nang lwong cac orbital d cia NTTT

— Ligand hudng truc ti€p vao orbital d > gia tang lwc day > tang
muc nang lwong cua orbital d

— Ligand khéng hudng truc ti€p vao orbital d - gidm lyc day >
giam murc nang lvong cua orbital d
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Suw twong tdc cua cdc orbital d cua NTTT vdi ligand
trong truong bat dién

d-Orbitals and Ligand Interaction
(Octahedral Field)

Ligands
approach
metal ’

4
, 7 d-orbitals pointing directly at axis are
affected most by electrostatic interaction

d:z er-yZ

d-orbitals not pointing directly at axis are least
affected (stabilized) by electrostatic interaction

05.06.01 10:59 PM
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Suw twong tdc cua cdc orbital d cua NTTT voi
ligand trong trudong ti dién va vubéng phang

k=
. % ki
g
~S A
22
A
A .\ v
Xy xz o yz —xy
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Y — i
2 | A
i Bz Wz

# Trwdng vudng
| phang

Truong tu dién
' lon tv do
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* Nang luvong tach truwdng phoi tir A: chénh léch nang luvong

gitra orbital d nang lwgng thap va orbital d nang lvong cao

_he

A=3

A: bwérc song hap thu
h: hang s6 Planck

c: van toc anh sang trong chan khong
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Nang lwong tach truong phoi tir trong cac cu hinh

phtc théng dung
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 Dién electron d:

— T orbital d nang lugng thap - orbital d nang lvgng cao

— MOi orbital c6 t6i da 2 electron

— Su ghép cap electron tiéu tdén nang lwong: P (ndng lwong cap

doi)

* P> A: electron wu tién dién & orbital d nang lwong cao trudce
- phirc spin cao — phirc trwérng yéu
* P<A: electron wu tién ghép cap & orbital d nang lwgng thap trudce

-> phtrc spin thap — phirc trwedng manh
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Central South University

The effect of ligand on splitting energy.

Weak-field Strong-field
ligands ligands
eg A
o[ |
A A
e (A1) ]
[Cr(H20)e]* [Cr(CN)]*~

College of Chemistry and Chemical Engineering
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Cdc yéu té6 anh hwong dén ndng luong tdch
trirong phéi tu A
 Cau hinh phirc chat: A, < A, < A,
« NTTT

— Dién tich (+) I&n - twong tac tinh dién vai ligand [&n = ligand
tuvong tac manh va&i orbital d - sy tach murc I&n (A I&n)

— Ban kinh I&n = ligand cé khuynh huwéng cang gan NTTT >
ligand twong tac manh vai orbital d - sy tach mc 1on (A 16n)

e Ban chat cua ligand
Trwong manh
Aldn
CH =MNO =en=my ~MNHy = SCN = HO=0H =F = Cl =Br =T
Trwong yéu
A nho



St dung thuyét truong phéi tw

’

e Giai thich tu tinh

’

e Gidithich mau sac

— Phirc chat cd mau: do sy dich chuyén electron d can hap thu
nang lwvong trong vung kha kién = phirc chat cd mau phu vdi
mau hap thu

— D& phirc chat cé mau:

 NTTT co electron trén orbital d

e Orbital d chwa bao hoa

* Athubcvung VIS



St dung thuyét truong phéi tw

Dy doan do bén déng hoc (toc do thay thé phoi tir):

— Nang luwong lam bén truong phoi t& LFSE (ligand field
stabilization energy)

Sw tdch murc trong trurong bat dién Sw tdch mure trong truong tu dién

€o da dpa_y + A t

3

]

=

\ A T \ ~2A,
_§ﬂo 5
‘) vy Y

- Jl‘_l' JI: 'fj:l'.: ‘ r'*'FI:E "*‘F.tz—_l'z
2 3 3 2
LFSE = (—2x +2y) A, LFSE = (—2x +2y) A,
x: s electron &' t,, x: s6 electron &' e,

y: s electron & e, y: s6 electron &' t,, 32
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[Cr{H=0)g]* [Cr{CN)g]*~
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Bai tap

1. Hay dv dodn dung dich cdc chit sau, dung dich ndo c6 mau, dung dich
nao khong mau. Giai thich.

a. Naz[T1Fs]

b. [Co(NH3)s]Cls

c. H[CuCl:]

2. Cho dung dich CoCl. 1M da acid héa nhe vao trong mot becher, dung
dich ndy ¢6 mau hong. Cho vao becher nay mdt luong du NaCl, khudy
dén khi tan, dung dich chuyén sang mau xanh.

a. X4c dinh dang phic ton tai vu th€ cia Co(Il) truc va sau khi
hoa tan thém NaCl.
b. Gidi thich tai sao cdc phitc chit nay c6 mau.

c. Gidi thich tai sao mau sic ctia cdc phitc nay khdc nhau.



3. Tir gid tri cia thong sd tdch trudng tinh thé (A) va ning luong ghép
d6i dién ti¥ (P) trong mot vin dao, hiy tinh ning lugng Im bén truong
phoi tir cia cdc phic chit sau day va cho biét phifc tao thanh sé& 1a
phtc spin cao hay phic spin thap? Thuén tir hay nghich tir?

a. [Cr(H,O)4]%*, [Cr(NH3)4]**

b [CoF¢]*~, [Co(NH;)(]**, [Co(H,0)¢]**

4. Cho hai phitc chat sau: [Fe(CN)(]* va [Fe(CN),]3-

a V& gidn do sy tich mic ning luong cla van dao d cia
nguyén t¥ trung tAm trong cic phdc chat nay.

b. X4c dinh xem cac phuc nay thuan tr hay nghich tu, spin
thap hay spin cao?

c. Xdc dinh xem phdn @ng th€ phdi tt CN- bang H,O & phtc
nao xay ra nhanh hon.



Thuyét MO

Electron khong dinh x&* & cac orbital nguyén ti (AO) ma
dinh x& & cac orbital phan t (MO)
Sy t6 hop cla n orbital nguyén tlr tao ra n orbital phan ti

Cac AO cb nang lugng twong duong va doi xirng phu hop
dé co thé xen pht rd rét tao ra cdc MO
— MO lién két: c6 nang lvong thap hon cac AO ban dau
— MO phan lién két: cé nang lvgng cao hon cac AO ban dau
— MO khoéng lién két:
* Poi xtrng khdng phu hop cho xen ph

* Cé nang lvgng giong nhw cac AO ban dau



Gian dé MO cho phtrc chdt bat dién cua

kim logi déy 3d
Metal Complex Ligands
by,

Phan lién két

Khong lién két

HOMO
e

g

f“lu

a15£_i|
Lién két
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Sw tao thanh lién két pi trong phirc chat

* Orbital d,, d,,, d, cia NTTT c6 kha nang xen phu véi céc
orbitalcd doi xirng phu hop (orbital p, orbital d, orbital TT")

cta ligand > MO dang pi (TT) va TT".
* Lién két TT cho:
— Doi electron tur ligand cho vao orbital ciia NTTT
— Ligand con doi electron hoa tri
 Lién két T cho nguoc:
— Dai electron tir NTTT cho vao orbital cua ligand

— NTTT con doi electron hoa tri

— Ligand con orbital hda trj trong



Suw hinh thanh lién két o va [T cho nguoc
cua NTTT vai ligand CO

o-bonding: 8‘8{"‘; C=0:)
£

m-bonding: 8@%050%

filled empty
metal t;,  ligand m*

39



