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PHU'C CHAT

Dinh nghia

* San pham cla phan &ng acid — base Lewiss
— Acid Lewiss (nguyén t& trung tdm - NTTT): orbital hoa trj trong
— Base Lewiss (ligand, phdi tir): d6i electron hoa tri khéng lién két
— Lién két gitra NTTT — ligand: lién két cong héa tri cho nhan (lién
két phai tri)
— S& phdi tri: s lién két phdi tri thwe hién dwoc gitta NTTT va
ligand
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Mét vai hop chat phirc

3+ 3-
H20 F
Hz0p. l I'-.'OH2 F..""n ll",.F
“:I.Fe.- 3 Al
H,0™" & “ou, Frr T‘ “~F
. CO co COo
H: F l
Ni Fe CO
[ Fe(H20)g 13+ [ AlFs 13- OC/ \ \CO
co CO CO
24 2+ INI(CO)] Fe(CO)s
f o
HzN o 1 2NH; H3N=. _=NH;
“'-n.co,ii' ‘-n.c“.ll
Hm'."’t"mm ngzf':L “NH;
;‘Hg HZ
[ Co(NH3)s 12+ [ Cu(NH3)4(H20)2 12+

Ligand mot dau noi

* Ligand ludng tha:
— C6 nhiéu déi electron trén cdc nguyén tir khdc nhau nhwng chi
tao dwoc mot lién két phdi tri

N - = ae
o/ .- C=0: *C=N:  15—C=N:

Mét sé ligand lwéng tha: NO,~, CO, CN~, SCN-

/N.,,,,H o e =
H™ M =1 =]:
H

Ligand khéng phdi la ligand luéng thi
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Ligand da nha

* Ligand chelat (ligand vong cang):
— Cé nhiéu d6i electron trén cdc nguyén tir khac nhau va tao nhiéu
lién két phoi tri déng thoi véi NTTT
— ligand 2 nha, 3 nha, ....

OH
@o/ \Oe X 'rlq—c—CH
\c c/ HaN\ NH: e N— 3
7 N\ HXC—C T~ iN=C—CH:
O/ \O - Ha =
OH
Oxalat Ethylendiamin (en) Diacetyldioxim
\_ 7\ T
N N C\ C.
N S e G CH,
H
2.2°-Dipyridyl (dipy) Acetylacetonat {(acac’) 5

Vi du vé s tao phure cua NTTT vdi ligand chelat

?»O_ 5 Cl
R4 NHa | N
\/

N ‘_,-—0‘ CH, CH,
< i | i
N ;o- (.}% /‘ '\ Pe
o) NH; NH,
0 cl
O
Phirc chat cta ion kim loai v&i ligand Phtrc chat [Ni(en),Cl,]
EDTA (ethylendiamintetraacetic acid) - S6 luvgng ligand: 4
- SO lugng ligand: 1 - S6 phditri: 6
- S8 phéitri:6 - Ligand en (ethylendiamin): 2
- Ligand 6 nha dau ndi (ligand 2 nha)
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S6 phdi tri va dang hinh hoc ctia phirc chat

2 Thang hang G‘“"“ [Ag(NH,),]*, [CuCl,]~

4 Vuong phang J*) [Pd(NH,),]%*, [PtCl,]*>
. Tér dign ﬂjﬂsﬂ , [2n(OH),*", [Cu(NHy),J*"

J

Bat dién D [Ni(NH3)2C|2], [Fe(C204)3]3‘
6 7N 80-

Déng phdn

Dong phan

Poéng phan
lap thé

Poéng phan
cau tric

| i ) | ) | i ) |
Y 4 N 4 Y 4

Poéng phan
hinh hoc

Poéng phan
quang hoc

Poéng phan
phdi tri

Poéng phan
lién két

4
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Pong phdn cau truc

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

Nitritopentaammincobalt(Il) clorur Nitropentaammincobalt(Il) clorur

— DPoéng phan phdi tri: thay d6i vj tri ligand
* Cau ndi— cadu ngoai
[PtBr(NH,);INO,  va  [Pt(NO,)(NH,);]Br
[CrCl,(H,0),]Cl.2H,0 [CrCI(H,0)]Cl,.H,0 [Cr(H,0)]Cl,
e Gilra cac cau ndi vdi nhau

[Co(NH3)e] [Cr(C,0,);] va  [Co(C,0,)5] [Cr(NH;)]

Ddéng phén Iap thé

* Pong phan hinh hoc: vi tri cta cac ligand giéng nhau so
voi NTTT
— Phtrc chat bat dién va vudng phang
— Cé it nhat hai loai ligand
— Cac ligand giébng nhau cung phia véi NTTT: cis —
— Céc ligand giéng nhau & khac phia so v&i NTTT: trans -

cl. NHy  HN. .Cl

Pt el
e TSNH, o SN,

; - - o Cisplatin Transplatin
Cis-tetraamminedichlorocobalt I'rans-tetraamminedichlorocobalt sp P

(IT1) 1on (Violet) (1) ion (Green)

10
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Pdéng phdn 1ép thé

* Dong phan quang hoc
— Anh qua guong khéng trung véi chinh né
— Phirc chat bat dién va t& dién
— Phirc chat cé tinh bat d6i xirng

Optical isomers

Mirror

11

Mét vai tinh chét caa phirc chét

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

— Do su dich chuyén electron d tir orbital d ndng lwong
thap lén orbital d ndng luvgng cao

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

— Phirc chat cé mau phu véi mau hip thu

12
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N N N . Budc son
Mau nhin Mau bi hap anh séng hg'p

thay thu thu

700 nm

600 nm [Ti(H,0)I**

Absorbs in green yellow. @

Violet 550 nm Looks purple.
Red-violet 530 nm ‘
Red 500 nm E }
450 nm 400 500 600 700
e Wavelength (nm)
Yellow 400 nm &

Copyright © 2006 Pearson Prentice Hal, Inc.
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MOt vai tinh chat cha phire chat

e Tu tinh
— Nghich tu:
 Khuynh hudng bj ddy khi dat vao tir trudng
* Khong cé electron doc than
— Thuan tur:
* Khuynh huéng hat khi dat vao ti truong
* Cé electron doc than

* Moment tir do sy déng gop cla electron déc than:

U= 2\/5(5 +1) = \/n(n + 2) (BM — magneton bohr)

14
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Ly thuyét gidi thich lién két hinh thanh
trong phire chét

* Thuyét lién két hoa tri (Thuyét VB — valence bond
theory)

* Thuyét trwdng phdi tir (Ligand field theory)

* Thuyét orbital phan t& (Thuyét MO — molecular
orbital theory)

15

Thuyét VB

* NTTT c6 orbital héa tri: (n-1)d, ns, np, nd
(n: s6 th tv chu ki)

e NTTT s dung mot s6 orbital hda tri tréng dé lai héa >
cac orbital lai héa cé hinh dang va nang lwgng giong
nhau

* NTTT st dung cac orbital lai hdéa xen phd véi orbital
chira d6i electron hoa tri cda ligand - lién két cong hda
tri cho nhan

 Luu y: trwdce khi lai hda, NTTT cé thé thyc hién viéc don
electron

16
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* Vai trang thdi lai héa théng dung cua NTTT trong phirc chét

S6 orbital | Cac orbital dung dé lai héa | Dang lai héa | Dang hinh hoc (ciu
lai héa cha NTTT hinh phirc chat)

2 1 orbital ns va 1 orbital np sp Théang hang
4 1 orbital ns va 3 orbital np sp? 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 thw tw chu ki
Str dung orbilal (n-1)d: phirc d trong
St dung orbital nd: phtrc d ngoai

17

Vi du: Sw hinh thanh lién két trong phtrc chét [Ni(CN),J?~

Orbitals of Ni** ion
BIBTOTATE] CJ 1]« Phue chat [Ni(CN), ]2~
3d 4s 4p
dsp? hybridised orbitals of Ni%* — NTTT lai héa dsp?
...... dsp” bybridised — S8 phdi tri clia NTTT: 4
I1l lﬂ ‘ 1‘ l 1‘ -_-J_g_l___]_‘_ ] — C'a\’u h\lnh phl:l‘c Ché’t: vuﬁng phéng
3d 43 4p
[Ni(CN) % ) — Phirc d trong
MINIHTHT>] <] XIxT] _ Phc nghich tir
Fouri)ai.rs of
electrons from
4 CN groups

18
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Vi du: Sw hinh thanh lién két trong phire chét [Co(Cl),]~

Orbitals of Co®* ion

MEIEINnn D T * Phirc chat [Co(Cl),]:
3d 4s 4

— NTTT lai hoa sp?

sp® hybridised orbitals of Co™
wp’hybridised  _ 5§ phdi tri cia NTTT: 4
BOTTTOLICIT Y _ i inh phuc chi: e dien
o — Phtrc thuan tir
BT (<) R
3d - p
Four pairs of

electrons from 4C1™

19

Bai tap

1. V& cong thifc cAu tao cla cdc ddng phan hinh hoc va dong
phan lién két ctia phiic vudng phazlng: [Pt(NH;)(SCN):]

2. V& céc cong thifc ciu tao cé thé c6 cla cdc dong phan va
xdc dinh loai ddng phan ctia mdi phiic chat sau:

a. [Co(NH:)«(NO») ]
b. [CAC1;(SCN)]*

3. Cac phic chit sau day 1a nghich tr: [Cu(NHs):]*
[Au(CN).]*, [Zn(OH):]>. Hiay x4c dinh s6 oxi hdéa va ciu
hinh dién tf clia ion trung tAm, trang thdi lai héa va ciu
hinh khong gian clia phifc chat.

20
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Bai tap

4. Phirc [NiCl,]> thudn tlr vdi 2 dién t&r doc than con phic
[Ni(CN),]? lai nghich tlr. Hay tim cdu truc thich hop
cho hai phirc chat trén.

21

Thuyét trworng phéi tr

* Dua trén mo hinh tuvong tac tinh dién gitra ligand (dién
tich diém am hay céc ludng cuc) va NTTT
* Hudng tuong tac cua ligand vdi cac orbital d cia NTTT
- thay d6i mirc nang lwong cac orbital d cda NTTT
— Ligand huéng truc tiép vao orbital d - gia tang lywc ddy - tang
murc nang luvgng cla orbital d
— Ligand khéng huéng truc tiép vao orbital d > gidm lyc day >
giam murc nang lugng cua orbital d

22
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Sw twrong tdc cua cdc orbital d cua NTTT vdi ligand
trong trwong bat dién

d-Orbitals and Ligand Interaction :
(Octahedral Field)
v o’
Ligands 1 :
approach h it
metal 7 -
4 ’d-orbitals pointing directly at axis are
z .7 affected most by electrostatic interaction

Y
x

’
4
.
, N z
.
,
7
’
A : - .
3 o Y oY
\
\
\\ - x x x
\
\
\
\ dry dy:

d-orbitals not pointing directly at axis are least
affected (stabilized) by electrostatic interaction 23

05.06.01 10:59 PM

dy:

Sw twrong tdc cua cdc orbital d cua NTTT vdi
ligand trong trwdng tu dién va vubéng phdng

z

# Truong vudng

oo A& e (AL hén
Trudng ddi xirng cau phang Ny

12
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* Nang lwgng tach trwéng phdi tlr A: chénh léch ning lwong

gilta orbital d nang luvgn

g thap va orbital d ndng lwvgng cao

_hc

A_A

A: bwdc song hip thu

h: hang s6 Planck

c: van t6c dnh sdng trong chan khong

Nang lvong tach trudng phdi tlr trong cac ciu hinh

phirc
A =49A
t dw dyz d,
2 =g
A, o e
e —_— /‘/
dﬂ-ﬂ d12

Trwdngtr  Trwdng doi
dién A, xirng cau

CuuDuongThanCong.com

thong dung
e dﬂ—yﬁ d22 dﬂ—y:
A T
S
/f A
Vs \\
e Am N Am
S M
N\ A
\\ \\
2 I I e
£ o4, a a > N d,
N \
S N
\\ ™, —
d
Sooa”a
- — —
Trwong bat Trwong
dién A, vuong phang
A

C
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« Dién electron d:

— Tl orbital d ndng lwvgng thap - orbital d nang lvgng cao

— Mbi orbital cé t6i da 2 electron

5/22/2016

— Sy ghép cap electron tiéu tén nang luvgng: P (ndng lwong cap

doi)

e P> A: electron wu tién dién & orbital d nang lvgng cao trudc

- phirc spin cao — phirc trwérng yéu

e P < A: electron wu tién ghép cdp & orbital d ndng lugng thap trudce

- phirc spin thap — phirc trrérng manh

e

E 1[’ 1 1 1 1 Szincao
NI

o

Fe®* no ligands [Fe(H,0)%"
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Spin cao
A, 1én

[Fe(CN)gJ*

L tzg

28
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Central South University

The effect of ligand on splitting energy.

Weak-field Strong-field
ligands ligands
g
eg | 1 x
A
g | T (T[T l
L pt T
[Cr(H20)e]2* [Cr(CN)e]*~

College of Chemistry and Chemical Engineering

29

Cdc yéu t6é anh hudng dén ndng luong tdch
treong phéi tir A
* Cau hinh phtrc chat: A, < A, < A,
e NTTT
— Dién tich (+) I&n - twong tac tinh dién vé&i ligand |&n - ligand
twong tac manh vdi orbital d - sy tach mirc |&n (A 1én)
— Bén kinh 1&n - ligand c¢6 khuynh huwéng cang gan NTTT >
ligand twong tac manh véi orbital d - sy tach muirc |&n (A 16n)

* Ban chét cua ligand
Trwong manh

Alén

CH o= MOy =en=m~MNHy; = SCN = H0=0H = F = CI =Br = [
Trudng yéu
A nhd
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Str dung thuyét truong phéi tw

* Giai thich tir tinh
* Giai thich mau sic
— Phirc chat ¢ mau: do su dich chuyén electron d can hap thu
nang lugng trong vung kha kién - phirc chat cé mau phu véi
mau hép thu
— Pé& phtrc chat cé mau:
* NTTT c6 electron trén orbital d

* Orbital d chua b3do hoa

* A thudc vung VIS

St dung thuyét truong phéi tw

* Dy doan d6 bén dong hoc (t6c d6 thay thé phdi tl):

— Nang lugng lam bén trwong phéi t&r LFSE (ligand field
stabilization energy)

Sw tdch murc trong trud'ng bat dién Suw tdch mure trong truong tu dién

2 3 3 2
LFSE=(—Ex+Ey)AO LFSE=(—§x+§y)At
x: s6 electron &'t,, x: s6 electron &' e,
y: 50 electron & e, y: s electron &' t,, 32
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3+. 5
Fe’*: 3d T
+ ¢t
S S S SN , BT
SR T t ¢t ¢ f 4
oy HE YZ y *Z Yz
[FeFgl [Fe{CN}
Cr2+: 3d4 Ligand trwong yéu Ligand trudng manh

W[
S~ |
e[+ 4++— ; :

[Cr(Hz0)g]** [Cr{CN)a]*~

Bai tap

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

a. Nao[TiFs]

b. [Co(NH:)s]Cls

c. H[CuCl:]
2. Cho dung dich CoClL: 1M da acid héa nhe vao trong mdt becher, dung
dich nay c6 mau hong. Cho vao becher nay mot lugng du NaCl, khuiy
dén khi tan, dung dich chuyén sang mau xanh.

a. Xdc dinh dang phifc ton tai vu thé& ctia Co(Il) trudc va sau khi
hoa tan thém NaCl.

b. Gidi thich tai sao cdc phifc chit nay c6 mau.

c. Giai thich tai sao mau sic cta cdc phtc nay khéac nhau.

17
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3. Tir gi4 tri cdia thong s& tach trudng tinh thé (A) va ning lugng ghép
doi dién ti (P) trong mot van dao, hiy tinh ning lugng Im bén trudng
phdi tir clia cdc phitc chat sau ddy va cho biét phitc tao thanh sé& Ia
phifc spin cao hay phifc spin thAp? Thuan tir hay nghich tir?

a. [Cr(H,0)4]**, [Cr(NH;)4]**

b [CoF]3~, [Co(NH,)¢]**, [Co(H,0)4]**

4. Cho hai phic chat sau: [Fe(CN)4]* va [Fe(CN)(]*~

a V& gidn d6 sy tich mic ning lugng clia vin dao d clia
nguyén t trung tAm trong c4c phic chit nay.

b. Xdc dinh xem cdc phiic nay thudn tir hay nghich tir, spin
thap hay spin cao?

c. X4c dinh xem phén dng th& phoi tf CN- bing H,O & phic
nao xdy ra nhanh hon.

Thuyét MO

* Electron khéng dinh x&t & cac orbital nguyén t&r (AO) ma
dinh x&t & cac orbital phan tlr (MO)

e Sy t6 hop cla n orbital nguyén tlr tao ra n orbital phan td

e Cac AO c6 nang lugng twong duong va ddi xirng phu hop
dé c6 thé xen phd rd rét tao ra cdc MO
— MO lién két: ¢ ndng lwvgng thap hon cac AO ban dau
— MO phan lién két: cé ndng lwvong cao hon cédc AO ban dau
— MO khéng lién két:

 DGi xtrng khéng phu hop cho xen phl

* Cé ndng lugng giéng nhu cac AO ban dau
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Gian dé MO cho phirc chat bdt dién cua

kim logi déy 3d
Metal Complex Ligands
t 2 AL
) p—— Phan lién két
4 u < T1g
P a, |
4s 9
III||I||I a

LUMO

Khong lién két

HOMO
‘||| III etg
,;J / u
e/ aig
Illll_./ __/ '
ag

37

Sw tao thanh lién két pi trong phuc chéat
Orbital d,,, d

xy! “xz/ dyz

cla NTTT c6 kha nang xen phd véi cac

orbitalcd ddi xirng phu hop (orbital p, orbital d, orbital TT7)
cta ligand > MO dang pi (TT) va TT".

* Lién két TT cho:

— Dai electron tir ligand cho vao orbital ca NTTT
— Ligand con do6i electron héa tri

* Lién két T cho nguoc:

— Pai electron tr NTTT cho vao orbital cda ligand
— NTTT con doi electron hda trj

— Ligand con orbital hda trj tréng

CuuDuongThanCong.com

https://fb.com/tailieudientucntt

19

5/22/2016


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

5/22/2016

Sw hinh thanh lién két o va [T cho nguoc

cua NTTT vdi ligand CO
o-bonding: 88{‘350 )
P
Q
m-bonding: 8’@ UCE
Sl
filled empty
metal t;,  ligand 7

39
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