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[2008 Advanced Inorganic Chemistry 1 Final Exam]

Hours: 2:00PM-5:00 PM

Answer the questions in the boxes given.
Total Pages: 6

Total Problems: 9

1. BIZt2 TH<Aet.
. Fill the blanks.

0l &(Nomenclature)

tetraamminecopper(ll)

() [Cu(NHs)]* :
or tetraamminecopper(2+)

tetrachloroplatinate(ll)
or tetrachloroplatinate(2-)

(b) [PtCl1®

tris(dimethyldithiocarbamato)iron(ll1)
or tris(dimethyldithiocarbamato)iron(0)
or tris(dimethylcarbamodithioato)iron(lIl)
or tris(dimethylcarbamodithioato)iron(0)

(c) Fe(S2CNMe2)s

Hi | 2 Z & (Draw coordination structure)

H,O
(d) | .\\\\\l
Diaquadiiododinitritopalladium(1V) ONO——Pd ONO
(all ligand trans) |/ |
H,O

rr
0o

2. [CoXql(trien)s]” (trien=triethylenetetraamine)tll Ci&t OI&&E R &= Cf
0l UCH 2t2toll CH3HK absolute configuration (A &= A)8 ZF5H02t.
2. Followings are the stereo isomers of  [CoXoltrien)s]™ (trien=
triethylenetetraamine). Determine the absolute configurations. (A or A)

(A) (8 (C) (D)

N

(A) (8) (&)} (D)
absolute
) . A A A A
configuration
3. US =SS0 66 d-®X WIXI (d), 2E0l HX (unpaired

electron)® 4= (n), spin quantum number (S), ground-state molecular
term symbol (Term), LFSEE Mzt (&8 O, HIFRZ=2 4245110 E 2A)
(Fig 1 &=X)

3. What are the d—electron configuration (d), the number of unpaired
electrons (n), spin quantum number (S), ground-state molecular term
symbol (Term), and LFSE of the following complexes? (Assume all
complexes have the Oy coordination geometry.) (Consult Fig 1.)

LFSE
Complex d n S Term
(A)
[Co(CO)4]™ d'° 0 0 's 0
[Cr(CN)s1* d* 2 1 *H -1.6
~ 3+
[Fe(H20)s] P ] oo | .
(hs)
[Co(NO2)sl* S .
d 3 3/2 F -0.8
(hs)
[CoONHa)eI”" | 1
d 0 0 [ -2.4
(Is)
MnO4~ d° 0 0 's 0
[Cu(H20)61%" | i 1/2 ) -0.6

4. (a) 21 39 &2 S0A Jahn-Teller effect® 20/= 20| 30 U
Ct. 3ME =ctet.

4. (a) Among the complexes of problem #3, three complexes show
Jahn-Teller effect. Select the complexes.

complexes [Cr(CN)s1* [Co(NOR)s]* [Cu(Hz0)61%*

(b) € Ml =0l Jahn-Teller effectS 20l= 0IRS 4Hs5l0iat.
(b) Explain why the three complexes show Jahn-Teller effect.

A Jahn-Teller Effectot YOO EAISH SS9 MIHIXI= C
S &0

[Cr(CN)g 1+ [Co(NO,), 14~ [Cu(H,0)41%*

% —— 44 N4
L R HHN

O 2& ik 20| degenerate=l 0] U= obitaldfl AXHEHXIOF =2
So6tXl CH ([Cr(CN)s]* 2 [Co(NO2)s]* 0= tzg, [Cu(H:0)s]2 O A S
g 0l2E A0 A2 WALS FUZESZM degeneracyS UM
Ct. 0|8 20 XS degenerate® orbital0fl @ SotH HIXIE D
S92 0lUX AEiOr € 4 UCH

O, teragonal distortion O, teragonal distortion
GO e — TN g g h
t, 'ﬂ' 4+ 4—“_“_* . -ﬂ- -ﬂ- #('-ﬂ--ﬂ-
(CuH,00 12 € 4 —f— j
-
w R Ry




5. Crystal field theory 0l BIE6l0 octahedral 2E0IA Sl d-2HIE ZEt
& octahedral 2E0IAM tetragonal elongation0l 20iY M2 d-2H|E
ZcdE ddet

5. Based on the crystal field theory, draw d-orbital splittings in the
octahedral field and the d-orbital splittings when the tetragonal
elongation occurs from the octahedral structure.

(” g
—— —
dzZ’ dx2-y2 T
,—d, b
/ y 2g
dea dyz, dzx ',’/
———t,
Octahedral Field (O,) Ce——d,d, ¢,

Tetragonal elongation (D)

6. XR Cr 0122 1s%2s%2p°3s’3p’3d°a FXIUHXIE BCH EHOI2
Cr(NHa):*0ll CHBH0d CHRO0l &atet. (NHs= o—-donor ligand OICH)

6. Free Cr* ion has the electron configuration of 1s22s%2p®3s23p®3dS.
Answer the following questions about Cr(NHz)*. (NHz is a o—donor
ligand.)

(a) 2t A& 22 (angular overlap model)S OIE3t0 Cr**el d-orbital It
NHs @ o-donor orbital® OlLIXl =0t ZEH TXEQ! Cr(NHs)e™ =S
S 0|8 M HEA Bsot=XNE X E/ATE 2l AL X
EAE e, E EAISIOIEL (P8l UEE £ A, Table 1 #X)

(a) Draw the energy level diagram of the d-orbitals of cr* and the o
—donor orbitals of NHs in octahedral Cr(NHs)s®* complex, based on
angular overlap model. Energy levels should be noted in es unit.
(Write the process to get the energy level diagram. Consult Table 1.)

strength of o-interactions

de => 1 +1/4+ 1/4 + 1/4 + 1/4 +1 = 3 &
dio-y2 => 0 + 3/4 + 3/4 + 3/4 + 3/4 +0 = 3 &6
doy =>0+0+0+0+0+0=0 e
d:=>0+0+0+0+0+0=0¢eo
d:=>0+0+0+0+0+0=0 ¢

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

— Gy O

Cr3* d orbitals

(b) 2+ A& FE (angular overlap model)2 OI&58t0 Cr**e| d-orbital ot
NHs 2 o-donor orbital2l OILIXI ZRIJF AFBIAI PEQ Cr(NHe)" &2
S 08 M HEA gstot=XE UK ER=E DalD AtEel oiEX
TAE e E HAIGIHE (Pol= UE S £ 2. Table 1 &X)

(a) Draw the energy level diagram of the d-orbitals of Cr** and the o
—donor orbitals of NHz in tetrahedral Cr(NHg)s>* complex, based on
angular overlap model. Energy levels should be noted in es unit.
(Write the process to get the energy level diagram. Consult Table 1.)

strength of o-interaction

de=>0+0+0+0=0¢es
Ooye =>0+0+0+0=0¢
dy => 1/3 + 1/3 + 1/3 + 1/3 = 4/3 &6
dy, => 1/3 +1/3 + 1/3 + 1/3 = 4/3 e,
de =>1/3 +1/3 + 1/3 + 1/3 = 4/3 &5

ligand 7=>0+ 0+ 1/3+ 1/3+ 1/3 = e,
ligand 8 => 0+ 0+ 1/3+1/3 + 1/3 =6,
ligand 9=>0+ 0+ 1/3+1/3+1/3 =¢ec
ligand 10 => 0+ 0+ 1/3+ 1/3 + 1/3 = &5

—_——— e —

Crd* d orbitals

NH3 o—donor orbitals




(c) (@) (D)ZRH A/A, 2t2 ORIl AlAtstet. (A, = octahedral
orbital splitting parameter, At = tetrahedral orbital splitting parameter)
(c) From the results of (a) and (b), calculate the value of A/Ao.. (Ao
= octahedral orbital splitting parameter, A; = tetrahedral orbital splitting
parameter)

Ao =3 es
Ay = 4/3 €0
A/, = 4/9

(d) Table 28 XS0 Cr(NHa)e 0IA A, = 201} H=X ecm™ &9
2 Atetolet.

(d) In octahedral Cr(NHg)s>*, calculate A, in cm™ unit. (Consult Table
2.)

Ao =3 66=3x 7180 cm™ = 21,540 cm™

(e) Table 22 &ZEStH Cr(NHa) S OIA A A0 =X em™ @92
Hatotolct. (Table 2= 28l =0 CHSt 240IXISt QU2 HZoteat.)
(e) In tetrahedral Cr(NHs)s®, calculate Ao in cm™ unit. (Though Table
2 is for octahedral complexes, use the table for this question.)

fr

At = 4/3 e = 4/3 x 7180 cm™ = 9,573 cm™

(f) Crystal Field Theory Ol 2/8t Crystal Field Stabilization Energy (=
Ligand Field Stabilization Energy) 7+ Cr(NHs)e®* @t Cr(NHa) 0l CHBHO!
212 2ANLRIKl cm™ ©RIZ ©5tet

(f) What are the Crystal Field Stabilization Energy (= Ligand Field
Stabilization Energy) of the octahedral Cr(NHs)s* and the tetrahedral
Cr(NHas)s**, respectively, in cm™ unit ?

Cr(NHg)e** (d°)
LFSE = 1.2A, = 1.2 x 21,540 cm™' = 25,848 cm™

Cr(NHg)* (d°)
LFSE = 0.8A¢ = 0.8 x 9,573 cm™' = 7,658 cm™

(@) (Do ZWMZ 2Ot Cr* 2 NHaJ} HHRIZE & O d35ls e Ze
Rl Cr(NHs)e® OIZL=Jt AFSIA Cr(NHg),** 0l 2=D4?

(g) When Cr* and NHs form a coordination complex, will it be an
octahedral Cr(NHs)s®* or a tetrahedral Cr(NHs)s>* )? Predict the answer,
based on the answer of (f).

octahedral Cr(NHg)s>*

7. [Fe(H20)6]%"9t 200l octahedral 2EE JtXls =29 MOQ OUX =
A J8e tsSn 2L

7. Following is the energy level diagram of MOs of an octahedral
complex like [Fe(Hz0)sl3.

M ML, L,

CH20l =0I® symmetry adapted orbital J& {0l 2Z& MOSS J8sS
Jedet. ¢+ non-bonding orbital0l JACHSEH B W20 d2iet.

Draw the all MOs on the given symmetry adapted orbitals. If there
is(are) non-bonding MO(s), draw the non-bonding tobital(s) in the
empty box.)
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8. [VFs]* = 14800 cm™'® 23250 cm 'OlM = JHS S4d88 Z=C
(MW &:4d2 X2dd HSE) Fig 1 S 021 Tanabe-Sugano diagram
S0 ollEYol= diagramE &0 diagram A0 S &4£&01 o= AEH
A L SEIZ2 &0/0l HESh=Xl FHAHEZ HAIGHGHE.

8. [VFs]® has the electronic absorption bands at 14800 cm™ and
23250 cm™'. (The third absorption band is in ultraviolet range.) Select
the appropriate Tanabe-Sugano diagram for [VFs]® in Fig 1 and mark
arrows the corresponding transitions to the above two bands on the
diagram in Fig 1.

23250 cm™!

v => @ 14800 om-|

'F 0 20 3 40

9. N#* ZZ20| I8t Ch3ol HOIE I UL (Fig 1 &=X)
9. Following data are obtained from the experiments of N
complexes. (Consult Fig 1.)

22 (Complexes) =4 & (Absorption bands) (cm™)
A B C
[Ni(H20)s1*" 8,500 15,400 26,000
[Ni(NHg)s]** 10,750 17,500 28,200
[Ni(OS(CHa)2)s1%* 7,728 12,970 24,038
[Ni(dma)s1?* 7,576 12,738 23,809

(a) &4 A, B, C= 22 0l AMHOA o= AEHZ229 HOolol HEdt=
oH?

(a) Which transitions do the absorption bands, A, B, and C
correspond to, respectively?

Ground state term symbol —> Excited state term symbol

A 3Asg(F) — *Tag(F)
B 3Asg(F) — *T1g(F)
C Aog(F) = *T14(P)

(b) TRM N 220 CI5I0 A, 2t2 ground state 9 first excited
state AFOI2 OILAXI XiOlOfl GHESHCE 28 =Z0l CHSIO A, 201 B
E=X Hojet.

(b) For the octahedral Ni** complexes, A, corresponds to the energy
difference between the ground state and the first excited state. What
are the A, of each complex?

[Ni(H20)s]** 8,500 cm™’
[Ni(NHs)e]** 10,750 cm™
[Ni(OS(CHa)2)s1?* 7,728 cm’™
[Ni(dma)s]® 7,576 cm™

o

() (e ZWU=s HE2Z 9 NP =20 Ys 2RSS A9
spectrochemical series 2| &=AXE Mct.

(c) Based on the answers of (b), write the spectrochemical series of
the ligands in the above NiZ* complexes.

NHz > Ho0 > OS(CHs), > dma




Fig 1. Simplified Tanabe-Sugano diagrams for d?-d® electron
configuration
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Table 1. Angular Overlap Parameters: Sigma interactions

E 10-11

UAM Was: A|T0L AS R

AAEA 1A=

1L
I,

G\——gs:.-.—-

127

B4R ANE

74 d A A2 §3 28

(e, BHE FA])

93] (CN) L L HE 944 A et xz ¥z
2 8 1,6 1 1 0 0 0 ]
3 AzHg 2, 11,12 2 . 3 0 0 0
3 T 2o 1,3.5 3 ! i 0 0 0
4 HALAA 7.8.9, 10 4 ! 3 4 o 0
4 Hel Azt 2.3,4,5 5 | 2 0 0 0
5 Gk s 1,2,6.11, 12 6 1 0 0 0 0
5 Abzt Hgel = 1,2,3,4,5 7 0 0 1 ] !
6 AEAA 1.2.3,4.5.6 8 0 0 4 i 1
0 S T
10 0 0 i 1 <
t i & % 0 0
1 3 Ed
[2 3 i 6 0 0
Table 2. Angular Overlap Parameters
E 1013
ZHgE MeE e
B X -2 (c.'n:_") e [’cm_’J
AHdds MX, #3855
crt CN~ 7530 930
en 7260
NH; 7180
H,0 7550 1850
F~ 8200 2000
cl- 5700 980
Br- 5380 950
- 4100 670
Ni** en 4000
NH; 3600



