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The colors of coordination compounds
| |

*  H#15Us2nNaUlADaSALLTY NFaUNLINYA FI61991na15UTLNBUDUNS Y
*  msiifvesansusznauldistauadludag visible
* 1AYURINUNISLAR electron transition Aglu d-orbitals Va9 lany
= = < @ oaa A a " . . A o 1
*  Fuad15UsENaUNUIWAU uluavnmaamnmsgmauLLawaamﬂuma visible ¥1391389n71

FiAuAn (complementary colors)

R O DG G B I vV
| E | [
600 nm 500 nm 400 nm
Wavelength

12 124

1819 ANGUNESHY 1319TNBNAY aTUUTFURY
a & Aa & =
Wasnmniludinunuvasdiung



The colors of coordination compounds

650 nm ﬁ_D 580 nm
Y 1 3 R v
A% .
T - o
! i i 560 nm
600 nm 500 nm 400 nm 400 nm

Wavelength V . &
430 nm B 490 nm
Table 1 waniAIN81IAGY L@vAaUlUTISUAS Visible Wag complementary color
Wavelength Range (nm) Wave Numbers (cm™") Color Complementary Color
<400 >25.,000 Ultraviolet

400450 22.000-25.000 Violet Yellow

450-490 20.000-22,000 Blue Orange

490-550 18.000-20.000 Green Red

550-580 17.000-18.000 Yellow Violet

580-650 15.000-17.000 Orange Blue

650-700 14.000-15.000 Red Green

=700 < 14.000 Infrared




The colors of coordination compounds

o = Y] A 3.11 < 1 v
. 1uﬂ’li‘lll’1u’1‘c’lﬂiﬂﬂlﬂiﬁﬁ]'1ﬂﬁ]’]ﬂﬂtﬂﬂﬂi&lﬂ’ﬁ@jﬂﬂauLLEN UﬂaﬂsanlugnmaaLamalﬂ
Lﬁaamnmsﬂiznaﬂﬂaa%am%’udaﬂwqjﬁLmumigﬂﬂﬁumnn'ﬁﬁ 2 navduly @9
WALULAZAIULVUAIINU ﬁﬁmaaLﬁui’iaL‘i‘fluﬁﬁLduwé’amnnﬁ@ﬂnﬁuﬁma 0
v ¥ o P & = aa ) o v A " a
*  Geuu duasansusenaufie iUt aNENNY INLRlAg1sUSENaUNNEDY § WInndN
Usnngﬂu'sanau complementary colors

* 1y [Cu(H,0) ] &d#1 WJuwauiainnisganduuasil A = 800 nm

Faduyae A vaudasdngas du uasluaus
grudunssalng datdun1ssaudifufuvag
dNnanannau

U U

aazanrsuz i uudnn




The colors of coordination compounds

Absorption spectrum of [Cr(NH,) J** (d°)
4.

2 1 3
CT tgey <ty

=

' B
4 4 4 4
Tige Ay Toge— Ay

log(e/(L mol~'em™))
N
1

Ege—Ay
Magnified
absorption
0 -
| I |
200 400 600 Alnm

(50 000 em™) (25 000 cm™) (17 000 em™)
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+++

il 2 %39 4 LaUNIIAANAULES

Absorption spectrum of [Cu(H,0) J** (d’)
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The colors of coordination compounds
|

* uaun1aanau (absorption bands) Tugasdunssalnauazyis visible gty
d-orbital vadlane

* Ain electron transition 524914 d-d orbital (d-d transition) UiaznaUVDILaNL

*  21UNALAUNITAANAULENINATY 1 UaU (QANFULHINANENIARUNENN)

* anasudiulvgjaustiunasiuves d-orbital, degeneracy , azdIUIU electron

*  mamsIvnLmBNdYanual (Term symbol) vaslanzlasaudase (Free-metal ion)
< a o w 1 [} = 1 [ 1 Ada &
Wudsndrdgysianisidnlananisatelounasaiuluaniizeng o luanizniidiannsay

1 o/ = I . a g

11NN31 1 A2 (LU9ANY interaction Y4 electron tNAYU)

® Term symbol Wun1susndauena s Imuuﬁmﬁ?mgm ez spin multiplicity a4
DTMOUYSD lDDaU

* o Term symbol Tun1svinuneuazasune electronic spectra



dlafivany e- ardreiuluszeuvielossuaniizsuiiiniu asedursdsmvateuduyadalaly (n,
L, m, m) 1199970 e- Hian1s coupling Al FURAKTINTZNNTENINN e- BUBINIINMTT e- wsay
favyuseudiuaded (M) uaznsfl e- vyusauiaawde spin (M) AtuSsfiavarouduyalusl
dmsuaznauviselessulasltdyanvaliludnusdanunlng wu L, M, S, M,

ﬂfam‘i‘fluagjmaa e- UNNLUU 97139 17D AaUNSSAUNEIIUAN
U'NLmumw‘iﬂﬁﬁizﬁuwé’wmgq
WUNTLEUDNDUTYANYAINUANTITEN ¢ VBIBLABYU (Term Symbol)

) | fi
'S“LJ Wise =L

L = Total orbital angular momentum  -—- NAYBY orbit — orbit coupling
S = Total spin angular momentum — WAYBdY spin - spin coupling

J = Total angular momentum - WaVdY spin — orbit coupling



Term Symbol

orbital angular momentum

S term
P term
D term
F term

i

spin multiplicity=> 25+1 L =
J

|

spin orbit coupling
[J=1+S, L+5-1_|L-S| |

WN = O

s et el




Spin degeneracy %38 multiplicity = 25+1

S=0 = spin multiplicity = 1 (singlet)

S=1Y = spin multiplicity = 2 (doublet) WY e aﬁmﬁﬁaﬁq m_=+1/2 130 . —=1/2
S=1 = spin multiplicity = 3 (triplet) At s =% S=%
S=3/2 ™) spin multiplicity = 4 (quartet) NTEREDEY 25 +1=2

g 1 o <

S 1ANTUBLNUITUIUBLANATOUNLARA spin-spin coupling Tag

e

1
= o a

< < 1
- b mmumanmauwmaw@
DB & TSy el g 5 5, S = Ly o 0

A o a < =
- HURAUUBLANATAULUULAUA

D = G ) e o 8§ 5 8 Teeo 8= 1 5 oncee Yo

1Y p?

S=%+%,%+%-1=1,0



state S P D F G H

L = (1+2+.....n, 1+12+...An-1 , (1+(2+...An-2, .... O
LU d? 9 L = 2+2, 2+42-1, 2+2-2, 2+2-3, 2+2-4 = 4,3,2,1,0

J =L+S,L+S1,L+S2,..., |[L-§|
Junsgpavnliainuazesatuiazeasiiasuiutenii Msgaiuiawas-vaunas
(Russell-Saunder) Un@lirssfiouszym J Tu term symbol viuusiasnauagluaunuwivan

10




Energy States of Atom and Microstate Table

Atomic States Individual Electrons
M =0, £1:£2;0005 =5 =0 £l E2 +/
o i) ]
Mg=8.8—1,85—2....—S mg = +3, -1
Wasandianasaunfsuiisauiiandsanasnyusaudiadiudan Juhn M =2 m,

quantum number s3uvatezaey 2 wuu ldud M uaz M laet >y
S~ s

* sUnuunsinseddnasaundacaa dlansguuuuiiaglu eround state waz excited state
* ueaggUluuumsinsesvasdianasauluasnau asiendn “microstate”

faat1g C (z=6) =P 1s% 25? 2p? #Ransan orbital fifisziundsaugegauazs e- Ty
e- uagAa azd quantum no. 1Uu
n=2
=1, m =+1,0,-1,
m, = +1/2 %39 -1/2

11



Energy States of Atom and Microstate Table

} { } } —H- — = These configurations are called microstates
m =+1, 0, -1 and they have different energies
m, =+1/2,-1/2 because of inter-electronic repulsions

N = —
M, = th = Wil 7 gy 7 Mg 50 N,
B J = L+S,L+S1,L+452, ., |L-S
e M, §A1310 L, L-1,..., 0,..., -L v19viaindl (2L+1) A" Y |
= Jiile (25+1) A
"M =2Zm =m_+m_+m_+m
2 Z : = = = = W Degeneracy = 2J + 1

LB Ms 1UA191N S, S-1,..., -S MINUUALU (2S+1) A [ | Degeneracy Uaﬂﬁqugu microstate Iu

v ¥ aNdSnwallALINY
iy M = 2m =2,1,0,-1,-2

M, = 2m_=1,0,-1

12



Energy States of Atom and Microstate Table

N13U399 € Lae microstate 91 ground state LAz excited state

_________

m -1 0 + microstates M(@Zm) M (Zm) n159L5eN e- lupas
b R S 1 1 Uvialvidanuvennisne
- L 1 1 AuYaanIa (Pauli
+ +
0, ] - ground state exclusion principle)
! T -1, HT 0 1 Inei guantum no. %4 4
N NI D) 0 Y9 e- Lmzzzm%madzg
(AR UNUNINLR
i 0, 0 - excited state O 0
N EERINE LN +2 0

1 microstate ) $1a% wamIA1 m,
LASBIVANY +, - 19U NgAe m_ (spin JU Y50 &)

NUY M, = 2,1,0,-1,-2 | microstate
UIA1 M, =1, 0, -1 table

13



Energy States of Atom and Microstate Table

Table 2 Afdululdvas m uaz m_dmsulassuuy p?

M _
s m= + 0 Table 3 Microstate table d@115ulASILLUU p?
- +
1 0 1 M
+2 -H——— -1 0 +1
4 1 T
1+ N t 4 _— . —
+
| 4 vl +1 I~ 0 [+ 0 1t ot
v | - 0
4 |
I ¥ 1 1 =17 1-
: : M 0| -1- 1 of 0 | -1 17
0 * * % | v % -1 l+
I 4
v | -1 -1- 0 -17 0 -1* ot
f I _l_ 0+
v
- L i
1 t i L 4 ? ? o Sl
v |
2 ——H#



Term sxmbol

Table 3 Microstate table d1%5ulAsILUU p?

25+1=1(=

Largest M, is +2,
solL =2 (aDterm)
and M. = 0 for M,

D (singlet D state)

= +2,
0)

ENIoNIC
—=T_ 1
(0| T |0 g | T
| o | |
=T

-2 —t—=T

Next largest M, is +1,
soL =1 (aPterm)
and M, =0, £1 for M, = +1,

25 +1 =3

M, =0
M, =2,1,0,-1,-2
A

5 microstates

L

M. =1,0,-1
M =1,0

) )_1
¥

9 microstates

L

°P (triplet P stal

t%ne re

Spin multiplicity = # columns of microstates

M, =0
M, =0

A 4

1 microstate

aining microstate

M,is0,L =0 (an S term)
and M. =0 for M, =0,

25+1=1

IS (singlet S state) .




Energy of terms (Hund s rules)

211 microstate table 27’)&/’)55)5@:‘723&/&&@3147 term states %39

term symbols S, °P, 1D

Ingdl mon 's A1 =0 ('s) weu’PdAr1s=210 (P,°P,°P,) wau’D{A1J=2(D,)
L +S = 0+0 L +S, L+(S-1), |L-S| = 141, 14(1-1), 1-1 L +S = 240

f775%’7£‘i’l€]1/1’11/6’§77ﬂ WY

14
= Y %

LIRS IMIIUNBUAN AT UL L AUNTOMEFUVINGN LAz a1z iiula agldnguasgua Al
1) anuriuveNazidaAnaIANINge
Fuud w3y C oznou 1éud °p,, 3P, , %P,

ddva

2)  WeuNtaAnasRwAY aauzifian L g9NINLEDYTUINNTI
faiiu 1D Saadesndn 1s
3) ] fitfesfian (minimum) awadesianlutuiididnaseutesniiaimils uave J fiunniian
(maximum) 9ztaaesunlutuitisidnaseunnnninasmis

fany *P, Juduaaiuziiuves C aznay

16



N15L8NVD NN IUEDIUSNUVIAISUDY

151D

Energy

1S 1S,

1D lD2
3

P2

3P 3P1

%, AP
: . 0
Split by electron-

electron repulsion
Split by spin-

orbit coupling

17



a5U N1511a9 UL NUYaY C anay

h M, & My
b Microstate
Table
b States (S, P, D)
Spin multiplicity
b Terms
3pIp, 1S

Ground state term
3P

18



n36in15984584 e- tJu d”

N13%1 term symbols 1agi3u31n microstates aglan1sandivunalugwazdudou
Riiy
d? aglain1319Ndl 45 microstates (M, =4, 3, 2, 1, 0, -1, -2, -3, -4 uag M, = 1, 0, -1)
Wan1 term symbol azla S, D, G, 3P, waz °F

#9U ground state term fa °F

- d" uaz d%" 928 term symbol HHaUNY 1WBIINAITUIU e- LAYIALINNY

** 954 9 LA 15IMDINITNTIVNEN ground state term YaInNI15IALSEN e- URASIUY
iwaleuselgwillunisitureuazasug electronic spectra Aaly **

19



Table 4. Term symbols 9840115901384 e- tuu d'-d*°

Configuration

# of quantum

Ground Term

Excited Terms

states
d!, d° 10 D -
d?, d® 45 3F °p, 1G,'D,!s
d3, d7 120 4F 4P, 2H, ZG, 2F, 2D(2), ZP
°H, 3G, 3°F(2), °D, 3P(2), 1,
d* d° 210 D
1G(2), 'F, ID(2), !s(2)
4G, F, D, P, 4, %H, %G(2),
d° 252 ¢g
2F(2), 2D(3), °P, %S
dO, le 1 1S _

20



113%1 Ground term 43¢ AUNAIIUGAIGA (28119452)

d1%3U e- configuration 1 KUV L39873130%1 term symbol Nillszaundsauagn Iaglidaswin

microstate chart 1&Tﬂa°lﬂﬁ’ﬂgsuaaquﬁﬁaﬁ

(1) biataud e- agueniuuiniganazinla Tusastinayaiininua tialvla total spin, S ggn

(2) 13nsses e- Tudnwazaenaidlaan M, gegawinla Trldaaavuudua L laias

A9814 115471 Ground term Yad NiZ*
N2 5 [Ar] 3d®

+2 +1 0 -1 -2

4980 A9 +1 @ddululd 1, 0, -1) S = +1
d9en AD +3 @ddululy 3, 2,..., -3) : L =+3

M
s
ML

21



L=+43 symbol fa F
2S+1=2(1)+1=3

J =1[(3+1), (3+(1-1)), (3-1)] = 4,3,2

1Wa9an Ni** 8l e- 1NUATY ASUU J AES A2 F5eAUNEIIUAT

INS1222UU Ground state Ad °F,

A1 J daeign (minimum) aziafesngalutuni e- WouninAss
A1 J iniign (maximum) astanesign luduill e- 1nNnIA3e

22



Table 5 WaAANIE Ground term ¥a4 free-ions (Term NATTAUNGIUAERA)

d" 2 1 0 -1 2 L S Ground Term
d! 1 2 1/2 D
d? 1 T 3 1 °F
o 1 T 1 3 3/2 IF
S S T 2 2 °D
o 1 T 1 1 T 0 5/2 ’s
S A N R T D
d’ T T 1 ) T 3 3/2 F
@ L1 T 3 1 F
SN A VA N A R RV D

23



Group theory analysis of term splitting

Table 6 N15u8NYa9 term symbols Tu octahedral crystal field

1S

a: E

Eg"'ng_ D

PO N

Ao +Tg+Tog 3

AigtEgtTigtTog
Egt2T1gtTog free-ion terms
AigtAggtEg+T g +2T g free-1on electron configuration

Term symbols 284 free ions Lﬁﬂmﬁuﬂmuwﬁﬂﬁf«v:ﬁwz‘i’amu@mﬁ’u =) split
duannuselos (substate) WRTAANEMLEBRNNT split 289 p, d, 158 f orbitals




Splitting of free-ion terms in a chemical environment

e, 371E, (doubly degenerate)
/"'—___“\\
! ; 7 spin multiplicity remains the same.
/ 28+l ~ /
d /! / S -— — -~
—_— > — ————
\\“ \\“ 2S+l .
g el (triply degenereate)

Oy Oy

25



Energy levels of the d-orbitals in common stereochemistries

< AO = crystal field splitting energy
de_ > dy2 A = 10D, & 120-250 kJ/mol
A A A eg
% O\‘ dxy dxz dyz '
A 2
E Ao il Y % FI
2 / Free-ion % tI At
5 © ; \\ v
o t do2_.2 d.,
dxy dxz dyz ’ o z
Octahedral Tetrahedral

(a) (b)

26



HIGH SPIN GROUND STATES

dn Freeion GS | Oct. complex | Tet complex dn = d4ion
do 19 o 0e e0t,0
d ‘D t291ego e'ty” [d1<—> ng
d2 3F tpg2e,° e2t,0
3 4F ty,%e,0 e2t,! ® the same free-ion terms
d* 5D ty,3e," o2t 7 . the same splitting pattern in fields but
d5 63 ty e ? e2t,3 the energy levels are reversed.
db 5D t294692 e3t,? o
d7 4F e, ? e oci dl iLa: d® 4 splitting pattern
d8 3F obe,? et A Wwinauny tet d* and d?
d® 2D t296€g3 e%t,5
_ 'S tog°€g"* et,? .




ANNUSIWANFUINHAN

ANNUSIVIFUINHAN

UNUATWNAIIUVBY term symbols eaauas
2D (d"Y) Tu octahedral crystal field

tgg e‘ZLg
8800 N
B NE LANUATNNANIUYDY term symbols g
299 2D (d°) Tu octahedral crystal field
d9
LAUNINNEI9IURY d° agnaunu d!
- ABLARNNITNIIUTTUIN
20 o000
2 2
5, e3, Eg 9 ng

28



Orgel diagram for di, d4, dé, d°
dl = d6 d4 = d9

Energy

Eg orE

A: ' > A

d!, d°® tetrahedral 0 d!, d® octahedral
d4, d° octahedral d4, d° tetrahedral

ligand field strength ;



Orgel diagram for d?, d3, d7, d® iONS c——

T, or T1g

T,o0r Tlg

Energy

T,or T2g

A, or Ay

d?, d7 tetrahedral O d2, d7 octahedral

d3, d® octahedral d3, d8 tetrahedral

T, or T1g

Ligand field strength

30



Correlation
diagram for a d?
ion in On
environment

dZ

3E 3P, IG, ID, IS

3
,
Weak Interaction Strong Interaction ee Strong
Interaction

Real complexes 5



lanabe-Sugano diagrams

B Special correlation diagrams useful in the interpretation of

electronic spectra.
¥ Lowest energy state is plotted along the horizontal axis.

u AO/B (field strength)

B Vertical axis is the measure of the energy above the

ground state

" E/B

Increasing energy

B = Racah parameter, a measure of the repulsion

between terms of the same multiplicity.

¥ Lines connecting states of the same symmetry cannot

Cross.

40 —

30 -

_________
-
S T
-
-

g ————
- -

|g{F)

10 20 30 40

[

_(_."
B
Increasing field strength -

-
-




",

30

Symmetry Labels for Configurations

A, 4
I' [l

.
B

R R

40

T designates a triply degenerate S
asymmetrically occupied state. . S
E designates a doubly degenerate e

asymmetrically occupied state. L B
A, B designate a non degenerate — —

symmetrically occupied state.

o © o
I S

|e

O
Q

O
O

IO

|o

o0 ©

00 00 00

Io

IO

33
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Selection rules

Intensities of the bands (Selection rules)

1. Spin selection rule

AS =0 spin — allowed transition
AS # 0 spin — forbidden transition
iy ‘A, —— 2A,  spin-forbidden (iHpsanidunisipdeudesenineanig

284 spin multiplicity #19Au)
4A2 _— 4T1 AS =0
2. Laporte selection rule (Al = £1)
NISARDUENE g <> U Laporte allowed (3 d = p orbital)

WU Ca 5 N91UTFUIN 2 > sip! Al = +1

H |
ﬁ o ﬁ ]' Laporte forbidden  (n1sia@auenesening d-d orbital)
Al=0



Relaxation of selection rules (N135HaUAAT8VDY selection rules)
1. Vibronic coupling
susslansfuaunuiasiansduinliunusDndonluanauunasiudntios vrldan p «— d
Bntleuayifiuannsuidananduslétng wu [CuH,0),0% (centrosymmetric)
2. p-d mixing orbital
LN@I@M”I@@@U@ﬂﬁ@NﬁE]UWJEJﬁLLﬂL!Wi] SLARNITHNEAN (mlxmg) VN P- bbao d- orbital llﬂ‘\]‘”LﬂGﬂ.‘u
ﬁ’]iL%ﬂ%@H%bﬁJﬂUﬁﬂﬁNﬁ@J@ﬂG]ﬁL“U‘L! Td CpX #58 Oh CpX WﬂﬂLLWUWLLUU@ﬁ&JﬂJ’]@i
Aa879 [CulNH,).CU™
[MnBr,J*
3. Spin-orbit coupling
TunsdifAnn1ssumanawasues orbital angular momentum AU spin angular momentum

} Non-centrosymmetric

HnalAAnnNISNIIUITUVRIWONNI spin multiplicity sirsiula

35



lanabe-Sugano diagrams

One transition allowed of energy A,

]

1 absorption band

36



0

= Ti**d")

llilllijllLLlllLllLlLlllllLJL

di:l =25, =% D 1=2,5=%>D

d_. > D
ke tlg N 2T2g
O, O,
S hv ——
*-— 0
ZEg 2T2g
T. ——>%E : 1 band ?

[ ——]

Compression Jahn-Teller distortions

[ B Y e T = T e T e T e B N —— BN —— I —— TN ——— BN —— I —— BN —— B —— RN —— B —— ]

K
I:g
— —
o
I — I —
o
2 2
B,, E

a, :
Ay,
3 | —
B, o
i :rBlg
3 blg .-;
ED I,"
_!l‘
. 5
€, ' E,
_'2 T
Tig ; 1
B
A 2g
Oh " — L 4
bl’é D4h /
o out of visible range
'
2
Alg 37



Cu?*(d?)

10

[Cu(H,0) " |

d9

OF....I....I

P |

|||||||

d®:l =25, =% D1=2,5=1%">2D

2
E‘E ng
.-"_ f_.--ﬂ
d r-__l". 2 Ill_-"!
— o
; \.tz'g s Eg
Oh Oh
® o hv o0 06

[ ——]

Elongation Jahn-Teller distortions

[ B Y e T = T e T e T e B N —— BN —— I —— TN ——— BN —— I —— BN —— B —— RN —— B —— ]

N T
e, W
a2
--d,
T_‘l’ & ﬂ,:::: ﬁﬁﬁﬁﬁ '\:ﬁr
rzg \\\\ T
8] oo L N
e o  eo
oo Lo o @]
[ i) ] —
o0 20 e 00 GO0 QOO
2 2 2
B1g Alg B2g

Im
o

a
Eg
 —
2T2g ’
',——( leg
’  ——
2
y. Alg
%
—(
1 2Blg
Oh
D4h

out of visible range
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No Jahn-Teller effect: No change

d> high spin

e U RDR

change

tzg —1— d No net
-+ _1_ = + —— d,,.d, jgﬂ?ﬁg‘"‘é

Dan

Tetragonal compression

-= distortion

d4 high spin
€ e — 2 Net energy
e—3 } change =
_‘I_ dxz_yz stabilization
t
1 1 } enerqgy
| I + d change

Dgh

Jahn-Teller effect: tetragonal elongation

d? high spin

By

+ <

change =
stabilization
-=» distortion

......... — 2,2 }Net energy

No net
} enerqy
_‘I_ _‘l_ dxz d change

Dan

ASAUNAIAIALLAR distortion Lo

d* high spin

d’ low spin

d’ high or low spin

Wil Crt, Mn®t
Wi Co’t, Ni*t
Wy Cu®*
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60t

50+

40+

E/B

lanabe-Sugano diagrams

‘A, 'E °A,
1-|-1
1-|-2
31—1
/ "
1A‘I
//
'E
/’ -
1T2
,
1 2 3

d3
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70~ High spin Low spin
60
5T, 3
50 e
Lo
40 A
/,::,2"?-1
Lo ne
or _ 25%”
CEM oo
_\H Pt == = " T T T T F
20 e
~ 5
s . E
1 SE | __L_____ljri
SD 10 20 30 40

lanabe-Sugano diagrams

70

High spin Low spin High spin Low spin
Ve

colorless (1u H.S. [Mn(H,0)1**)

d*-d’(L.S.) : difficult to analyze the electronic spectra because of many excited states with the same
spin multiplicity as that of the ground state

41



lanabe-Sugano diagrams

High spin Low spin
‘4. 2
[& & S
3 60 4
60 s i o
50 1
50
401
40
o
30 30 4 /
e e i 0l S
1p | "
'D
I.{_} 10 +

*



Some examples of spectra
|

absorption spectrum of [Cr(NH,) ]**, (d°)

d? (Oh)

4

221 3
CT trgey <t

A

'8 I
4 4 4 4
Tige"Ayg Toge—Ayy
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Some examples of spectra
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Some examples of spectra
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Some examples of spectra

5,000 10,000 15,000 20,000 25,000

cem”™!

| 1 | 1 | | | cosbhe :é oo -
2000 1,000 667 500 400 333 286 ¥ 10 20 30 40 F 10 20 30 40

nm

46



Electronic transitions and spectra
I I ———

V3+ __> d2
ground term —> °F
' \r3+{dlj
e |
5_

0 e iy e e ey o W gy
5000 10000 15000 | 20000 25000 30000 35000
em™!

L | ] | | J
2000 1000 667 500 4o 333 286
nm

3 3
Tlg(F) 2 TZg 3T1g(F) - 3Azg: UV region

3 T () > *T,(P)
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Determining A, and B from spectra
|

MyuAli Vv, = 17,800 cm™ wag Vv, = 25,700 cm’!

TUR 2 TR LV,

3 3
T 2 T, LV,
3T1g(F) - 3A2g : UV region
V, 25,700 cm™
2 . - = 1.44 ==>at Ao/B = 31
V1 17,800 cm
at Ao/B = 31

V,: E/B=29 ==>E =17,800 cm-1 = 29B ==> B = 610 cm
V,: E/B =142 ==>E=25700 cm-1 = 42B ==>B = 610 cm’

.. Ao =31B = 19,000 cm™
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Tetrahedral complexes

* Td cpx. ﬁLLaUﬂﬁ@JmﬂﬁuLLmﬁLﬁﬁmdﬂ Oh cpx. @anPaasiy
Laporte selection rule

* A1 € (molar extinction coefficient) @j@ﬂ’iﬂu Oh cpx.

* d° (high spin) agludl spin-allowed transition (€ fnann)

*  Mmsvihanulaaneiuues Td cpx ga81nnd1 Oh cpx
Hosndien € genn auunndilndifiestiu charge transfer

band WagNa31N spin-orbit coupling Wag vibronic interaction

Band assignment 14

Tanabe-Sugano diagram
d:(On) <> ds(To)
d; (On) <> d-(T)
d«(On) <> de(To)
ds (On) <> ds(T)
ds (On) <> d«(To)
ds(On) <> d:(T)
ds (On) <> d:(To)
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Uncoordinated metal

MLCT

Uncoordinated metal

T e _1‘.,

Charge transfer spectra

NN

g

R NANN NN

P

NN NN NN

Octahedral complex Ligand sigma orbitals

Octahedral complex Ligand =* orbitals

LMCT : ligand to metal charge
transfer
- liscand s (or p)-donor orbital to

metal d-orbital

MLCT : metal to ligand charge
transfer

- metal d-orbital to ligand p-
acceptor orbital (CO, CN-, SCN-, bipy)
Both: very intense : e ~ 50,000
UV/VIS region

Much more intense bands



