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o FuAste] AdL F A FUAs LAY &9
Hold #x7 0”. FFE &l €& )

o ZAToA A7), A5 & LHE

1. O&xe HzkS A9-A1L. (X ol tables L
g1 & 4 A tables 28A gowW Fx7 04)
N N - - = 71
s | dene I (Family) | (Period)
7 N Nitrogen 15(5A) 2
10 Ne Neon 18(8A) 2
30 Zn Zinc 12(2B) 4
63 Eu Europium |Lanthanide 6
73 Ta Tantalum 5(5B) 6
74 W Tungsten 6(6B) 6
2. WA & AwA Cr(NHy), ol diste] opmal,
[(@7F E29E 2, 3, 4, 5 #3842 T4 04. 9 ¥&

5
25 AF 108S 5 9s 2 5 dvk]

(@) AFf Cr¥ ol 2o AR M,
Cr¥*: 1s%2s%2p®3s23p®3d?

(b) NH3+= o—donor ligand ©]t}. zt % =9 (angular
overlap model)& ©]43t9] Cr** 9] d-orbital T NH; ¢
o-donor orbital?] oYX FHrF FWHA]  FxQ
Cr(NHas”" #HES o] E u] oj@i Was=AS oy
FAEE 2 A oUA F9E e B FEAISH
g (Fake HAHE £ 2L £ 10-11 #=x)

ok

strength of o—interactions

dee => 1+ 1/4+ 1/4 + 1/4 + 1/4 +1 = 3 e
dwoy2 => 0+ 3/4 + 3/4 + 3/4+ 3/4+0=3 e
dey => 0+ 0+ 0+ 0+ 0+ 0=0¢

dy; =>0+ 0+ 0+ 0+ 0+ 0=0 e
des => 0+ 0+ 0+ 0+ 0+ 0=0¢e

ligand 1 =>1+ 0+ 0+ O+ O+ 0 = ¢eq
ligand 2 => 1/4 + 3/4+ 0+ 0+ 0+ 0 = ¢
ligand 3 =>1/4+ 3/4+ 0+ 0+ 0+ 0 = e
ligand 4 => 1/4 + 3/4+ 0+ 0+ 0+ 0 = ¢
ligand 5 => 1/4 + 3/4+ 0+ 0+ 0+ 0 = ¢
ligand 6 => 1+ 0+ 0+ O+ O+ 0 =¢eg

h— dxzfyZ‘ dzz

3e

o

_—_ —— &y dy dy,

Cr3* d orbitals

CriNHg)g®*
(¢) 2+ 33 =9 (angular overlap model)& ©]-&3}4
Cr’* ] d-orbital # NHz ¢ o-donor orbital®] =]
=97F AbEAl F29 Cr(NHs)," #E& o] u ojwy)
H3sl=AE dyA FH=E a2ga doEd uA &
AE e & FAFlE (6 AAHE & A F 10-11

zx)
strength of o—interaction

de=>0+ 0+ 0+ 0=0e¢
de2-y2=>0+ 0+ 0+ 0=0 ¢,

dey => 1/3 + 1/3 + 1/3 + 1/3 = 4/3 e,
dy; => 1/3 + 1/3 + 1/3 + 1/3 = 4/3 &,
de; => 1/3 + 1/3 + 1/3 + 1/3 = 4/3 €,

ligand 7 => 0+ 0+ 1/3+ 1/3 + 1/3
ligand 8 => 0+ 0+ 1/3 + 1/3 + 1/3 = &
ligand 9 => 0+ 0+ 1/3 + 1/3 + 1/3 = &
ligand 10 => 0+ 0+ 1/3 + 1/3 + 1/3 = ¢,

€0

—. dy. d,,. dy,

xy,* “yz’

(4/3)e,

FEEAY

— e s s e €€ oo — dx‘g‘:yg- dzZ

Cr3* d orbitals

(d )2 (OZHFE A/A, 2 GrklA Aibste. (A, =
octahedral orbital splitting parameter, A; = tetrahedral

orbital splitting parameter)

A, = 3 €
At = 4/3 (Sh]
AN, = 4/9

(e) ¥ 10-13% #F=xato] Cr(NHz)s" oA A, &= dnpr}
A em! @R ARl e),

Ao = 3 e, =3 x 7180 cm™® = 21,540 cm’!



() ¥ 10-13% #F=xste] CrNHy "ol A, & dvprh & | Ms=3/2 1/2 172 -3/2
HEA em 99®2 AdEtelEh (F 10-132 WA Mo @+ 2-14) | (@ 2-10)
xol )@ o)A oz Hgakel) = T T e
i @+1+,10 | @110
A= 4/3 e; = 4/3 x 7180 cm™ = 9,573 cm’’ @+,1+,00 | (2-1-00)
3 | (2+,1+,00) gfll;g:; g;l;_g:; (2-,1-,0-)
(g) Crystal Field Theory ol 9@ Crystal Field (ot 9--1+) | @+ 2--1)
Stabilization Energy (= Ligand Field Stabilization @+,1+,-1-) | @-,1-,-1+)
Energy) 7} Cr(NHa)s 8} Cr(NHa),** ol thate] 247k vk T A
o1%] cm! w9 ® <ala), 2| @rle) T 0y | @eor 0 | @D
(2+,2-,-2+) | (@+,2-,-2-)
Cr(NHs)e*" (d*) (1+,1-0+) | (1+,1-07)
1 1 (@+,0+,-1-) | (2-,0-,-1+)
LFSE = 1.2A, = 1.2 x 21,540 cm ™™ = 25,848 cm @+ 0--14) | (2=0+ -1
(2-,0+,-1+) | (2+,0-,-1-)
Cr(NHs),** (d®) L (2+,0+,-1+) | @+,1+,-2-) | @2-,1-,-2+) | (2-,0-,-1-)
- - 2+,1+,-2 2+,1-,-2 2-,1+,-2- 2-,1-,-2-
LFSE = 0.8 = 0.8 x 9,573 cm™® = 7,658 cm’? R DA DA )
(1+,0+,0-) (1-,0+,0-)
(b (@) A2 RBol Cr’" ¢} NHy7} vildst & o 4 (1+,1-,-14) | (1+,1-,-1-)
oy = - - - - 2+ ,0+,-2- 2-,0-,-2
s AR WA GO olAh Abad oo | s
Cr(NHy),™ o] &7} @-,0+,-2+) | (2+,0--27)
0 (2+,0+,-2+) | (1+,0+,-1-) | (1-,0--1+) | (2-,0-,-2-)
A3 Cr(NHs)s™ 1+,0+,-1+) | (1+,0--1+) | (1-,0+,-1-) | (1-,0-,-1-)
(1-,0+,-1+) | (1+,0-,-1-)
2+ ,-1+,-1-) | (2+,-1+,-1+)
3. WA & AFAA Cr(NHp) "ol kel ZopmAt, (1+,1--2+) | (1+,1--2)
(=2+,0+,1-) | (-2-,0-,1+)
. _ _ = (-2+,0-,1+) | (-2-,0+,1-)
(a) A& Crito]l£9] 3 7135 (term symbol) & BT (-2-0% 14) | (-2+ .0-.1-)
stefet. (b AN vl £E v Wl e & _p | €2H06 10 | (20 m1e 20) | (-2-m1-2) | (-20-10)
ZH‘(‘S]—l“_—_— microstate% X 2 E/\ 0-“% 525—01 ML = K, MS (_2+,—1+,2+) (‘2"',‘1‘,2"’) (_2_,—1+,2_) (_2_,1—,2_)
= N/2 9 microstate®] 7} 874olW x& 8/ A, K, ) Cor e
N2 A=) (U= Aefsta & 715 %4 (14 71510) | (14 15, 10)
(=2+,-1+,1-) | (-2-,-1-,1+)
___[Ms = N/2 N/2 (-2+,-1-,14) | (-2-,-1+,1-)
Mp = K | xxxxxxxx (2- -1+ 14) | 2+ ~1-1)
K-1 =2 | (-2+,-1+,1+) -2+ 0+ 0-) | (-2-.0% 0-) (-2+,-1+,1+)
: (-2+,-2-,2+) | (-2+,-2-2-)
: (-1+,-1-,0+) | (-1+,-1-,0-)
-K+1 (=2+,-1+,0-) | (-2-,-1-,0+)
-K I (-2+,-1-,04) | (-2--1+,0) | =
3 | (-2+,-1+,0+) (<2 -1+ 0+) | (-2+ ~1-,0-) (-2-,-1-,0-)
(-2+,-2-,1+) | (-2+,-2-,1-)
. (-2+,-2-,04) | (-2+,-2-,0-)
d® | Ms = 3/2 1/2 -1/2 -3/2 4 (=24 ~1+ ~12)| (=2-~1+ ~1-)
i“; x x 5 (2+,72-,-1)| (-2¥ ,-2-,-1-)
4 X X X X Max My = 5 => L=5
3 X X X X X X X X X X
2 X XXXXXX XXXXXX X MaXMS=1/2=>S=1/2
1 X X XXXXXXXX|XXXXXXXX X X =>M.=5,4,3,2,1,0, -1, -2, -3, -4, -5
0 X X XXXXXXXX|[XXXXXXXX X X MS=1/2 _1/2
-1 X X XXXXXXXX|[XXXXXXXX X X =>22microstates
-2 X XXXXXX XXXXXX X _ )
-3 X X XXX XX XX X => term symbol: “H
-4 X X X X
= s x Max My = 4 => L=4
(329 microstate & =) Max Ms = 1/2 => S=1/2
=>M. =43, 21,0, -1, -2, -3, -4
Ms = 1/2, -1/2

=> 18 microstates
=> term symbol: %G

_2_




Max M
Max Ms

3 =>1=3
3/2 => S=3/2

=>M=3 210, -1, -2, -3
Ms = 3/2, 1/2, -1/2, -3/2

=> 28 microstates
=> term symbol: ‘F

Max ML
Max Ms

3 =>1=3
1/2 => S=1/2

=>M=3 210, -1, -2, -3

Ms = 1/2, —1/2
=> 14 microstates
=> term symbol: F

Max My = 2 => L=2

Max Ms = 1/2 => S=1/2

=M =2,1,0, -1, -2
Ms = 1/2, -1/2

=> 10 microstates
=> term symbol: D,

Max My = 2 => L=2

Max Ms = 1/2 => S=1/2

=M =2,1,0, -1, -2
Ms = 1/2, -1/2

=> 10 microstates
=> term symbol: Dy

Max Mp = 1 => L=1
Max Ms = 3/2 => S=3/2
=> M =1,0, -1

Ms = 3/2, 1/2, -1/2, -3/2

=> 12 microstates
=> term symbol: ‘p

Max M = 1 => L~1
Max Ms = 1/2 => S=1/2
=M =1,0, -1

Ms = 1/2, -1/2
=> 6 microstates

=> term symbol: Zp

d® term symbols : ‘F, ‘P, 2P, D,, ®Dy, F, %G, 2H

() (@ellA 42 3 7|5 FolA 7] A4 (ground state)
g 7]2E? (Check point:
Diagram #=%. W TS diagramel] FA]
} 71&7F (@dA T8 3 7]

3
o= Fol7t & EEdoY (@FE thAl 7] vk

A7

‘F

Tanabe-Sugano
Aol e 7]
of §l& A%

(c) (@A A& & 715 FolA 71A4H & 7159 =3
5% (spin multiplicity)”} 22 oJ7]| 48] (exited state)
} 7130

0

‘p

@ @M de & 715 Fola =g, #'p, #p,
IR g So] dupd o] FEL octahedral fieldol A
(FdA #ZAES oF wW) ou FEZ AHA=A A
(2S+1 = spin multiplicity, Tanabe-Sugano Diagram,

character table %)

o= APy, + ATy, + 1Ty
1p = 4T,

2p = 27,

2D = 2B, + 2Ty,

2R = 27, + 2Ty, + 2Ty,

(&) @olM de & 715 Folr s, #'p Fp,
IR 3 Zo] glgw o] FEL tetrahedral fieldol A
WA ZFES ol w) ou FEZ AHA=A A
(2S+1 = spin multiplicity, Tanabe-Sugano Diagram,

character table %)

4F = 4Az + 4T1 + 4Tg

p =11y

2p = 27,

2D = 2F + 2T,

ZF = zAz + le + 2T2

(D ZHA Cr(NHs)e™" b APRAL Cr(NHy),™ ol 833k
Orgel diagram< th29 dej2 gz}




i e
4'|'1g
\ 4-|-1
4
4T1g 4T2
4'|'20 4F
4T,
gy
A 0 A
(dd oct) (a3 tet)
(g) Folx TS diagram FolA ZHA Cr(NHy)s" ol 3l
33l diagrams Zrol @Alo oAl ¥ 2™ $d
ol A ZFol7} A, o slFsl= T JH AlolE W 3
A3 (DHE JdAstd e (A= BAE 28 s d4s
a8 R olkx . weak field, strong field7} FHEHE

Aol sldets A vk s 2™ A)

4r

20
P
10

Na

1

ol

(h) Fo]3 TS diagram ZolA AFAAl Cr(NHs),™ ol
Fot= diagrams Ftol @Alo] thA] #ek ¥ 9
A Zpol7t A o EWEdHE T GH AtelE: FEE
i (OH=E dZdstodet (ake 3418 2a fle. A4
IEx] olx ¥, weak field, strong field7} TE %
Aol sk 3 R w2 2D

oo B2

log(e/(L mol~'em™))

o]

(25 000 e 1

(50 000 cm™") (17 000 cm™")
@ FFdel Xz mel 9 sdEHES Aux
Cr(NHz), " 28 E & A7t A Cr(NHy)s" 255
B A7} cZsket 28 B (), (D9 #E A=

ahe] 1 o2 Mk
%Eﬂ ﬂ] CI"(NH3)63+

FA 12 AHEAY AS T - TR Hold g
3 3 A zele gig A, otk 2 AbEAS A
38 29 (DA A = 9,573 cm! oJt}. o] A=
A 19 Y9 2R et

AAD A$ FFA 12 ol (oM #3 AAH
*A2(F) — 4T%(F) Aol sig3ta 1 A=A =ol& A,
oty ZAAY A$ E3 29 ()l A, = 21,540 cm™’
ola ol A2FE- X FFA 19 X9 AT

e o o ok oy

(b) =54 1, 25 47 o= Ao o= ez A
ole sFt=RA At ((a)9] Hel slgste= sldst= TS
diagram Z+=)

A 10 *Ag(F) — 4T2(F)
A 20 *Ag(F) — 4T (F)

ool oo

2=
<
2=
<



12 29 2% (@@= (O g e 5+

(d) ¥l Hol:x 7A1%
Ql FYolt}. b9 7HA|
293 Wheel of color
ToE RS W ojE A

>A
]

2% Y%7} 28500 cm! e|th. wEkA FEHA
3. d 1

:i

"A=1/21540 cm ™’ = 4.64 x 10" m
= 464 nm
1/28500 cm™ = 3.51 x 10" m
= 351 nm
AL dle] o] 400 ~ 700 nm
FAe vpge] we MS vekd
T2 #HuZ 39 CriNHy) =
o2 BYA o F3toigt

mlo ol

2=
T
2=
T

A

1:
2:

400 500 600 T00

Wavelength (nm)

A = 464 nm => Blue~Violet ¥
A = 351 nm => UV(RL]A)

gt Fo 2 H7]|9] Orange~Yellow & Hlt}

5. @A Cr(NHs)e ol 1= Jahn-Teller Effect 7} K9]
AE7t wolA AT Be 23 1 ol %F uhelet

Jahn-Teller Effect’7} Ho|X] &=t}

B} - L

d 42_p2 L ]‘_

t 11
2 w - PrrEre
e i B B e AT I
valt B S N

d. i, .
ay

Cr(NHa)s™* (d®) olXE & W3oz A% (tetragonal
elongation) T % WdgozZ ¢=  (tetragonal
compression)®] dojd W ZH-oA HE uvle} Zo] Azt
W& AL o] FHANAC AR R HlwE of
dqux|Fg o2 o]5o| {lvt. WEkA Jahn-Teller Effect”t
Holx] g&th

6. [FeFsl®” &2 Ao} [CoFsl® &
o] F4u]) & 7HA A Utk

12
rlo
=
oh
ol
v

(@) 919 F+ #ol=el diste] ZHzb 7] A E molecular
term symbol& M &}? (Tanabe-Sugano diagram %)

[FeFsl* (Fe®, d°) : °Ay,
[CoFs]* (Co®" d®) : °Ty,

(b) 919) Ao Fe wolt= o f2 ek

[FeFsl* (Fe**, d°) dME 714X CAp 23 o5
= (spin—multiplicity)7]— e A7AEA gk ek v}
AFA9 471 dojux] ga FAoz Helth

[CoF6]* (Co™, d° dlME 71AZE (T 23 9%
% (spin-multiplicity)”} 22 7|42 3t CEl)7F 9
ohowebd ANBA GgelM shte Faadel g
g Aol ek,

(0 @9 71A%e= 24z 2 7He] microstate?} &4
at=7k

[FeFs]® (Fe**, d® : 5A;, => 6 microstates
[CoFs]® (Co®" d® : ®Ty => 15 microstates

7. oJ® Op symmetryE 7R & &&Eo] th&o] HxA}
X2 g ul A, E, T T ©]= statedl H%é}{—ﬂ A 2,
(a) t2g4eg2 (b) t2g6 (C) tZgBega (d) t2g5 (e) eg

(a) t2g4eg2 =>T
(b) tze® => A
(c) ta’es” =>E
@ to =>T
(e) el => E



