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[2008 Advanced Inorganic Chemistry 1 Midterm Exam]

Hours: 2:00PM-4:00 PM

Answer the questions in the boxes given.
Total Pages: 5 pages

Total Points: 225

1. =438 AN0A XS AEHE UEHUH= wavefunction S0l 4f;xe-y2)
QHIE2 angular function Y=(constant)z(x’*~y?)22 HAIELC}.

1. The 4fxe-y2) orbital of a hydrogen—like atom has the angular
function Y=(constant)z(x?-y?).1

(@) 4f 0y 2UIE0E 2 N2 angular nodedt AEIH?
(a) How many angular nodes does the 4f;xe-y2) orbital have?

3

(b) () 2 node=0ll CHigt YFHA2? (IS nodedt ACHH, niHS 2H
AlZ MOKE)

(b) What are the functions describing the nodes of (a)? (If there are n
nodes, n equations should be provided.)

2(x>-y?) = 0
.'.z=0'y=X,y=—X

(C) 4fp0yp) 2UIE0E= % JHQ radial (spherical) nodedt A=IH?
(c) How many radial (spherical) nodes does the 4f;xe-y2) Orbital have?

0

(d) &Xt& Z2H0IA z<0 2 HAHO| Afypoyn) RHIE DS z= - OA
U2 M xy BHO £HE 2E2 D2 (BEs OSH 201 ZAS5H0
g 2 a2 HE6l ZAE A)

(d) Draw the projection of the 4f;xe-y2) orbital onto the xy-plane when
the orbital viewed from z = —o, (Axes are defined as the following.
Indicate also the phase of the orbital in the figure.)

=)
a

2. 22 XS0 Mg Ol2stuHXIe}t MX&ISIEo BHSIE LIEHH
J2I0ICH THMISI 23 J|AXHSIH SOrg O XIS S2(EH) M
B2 O0IXl XS+ o olole |ANES ol=28 X 52 MHE
2= NS 2 4= UL 2 0IKE Met

2. The following figure depicts the changes of the ionization energies
and the electron affinities according to the atomic numbers. Explain
why the pattern of the electron affinity of the atom with the atomic
number n follows that of the ionization energy of the atom with the
atomic number n+17?
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3. C29 0123 OUXIRE JIM AEi0l (1s') = =4 |AXE 3s'9
OJIAEE THED|] fote Zes Lo mAS Ptz (h = 6.626 x
107 Jss, ¢ = 2,998 x 10% m/s)

3. Using the following ionization energies, calculated the wavelength
of the light which can excite the electron at the 1s orbital to the 3s
orbital of hydrogen atom. (h = 6.626 x 10™* Js, ¢ = 2,998 x 10°
m/s)

ILE. (MJmol™)
H(g) —> H'(@) + ¢~ 1.3120
He*(g) ———> He®(g) + e~ 5.2504
LP*(g) ———> LP"(g) + & 11.8149
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4. U8 22X E£= 0I20M It otFE EE S Lewis & XA S Od
ct. 3YREI U= ZR0= Jtss SYLXE 25 etk el
VSEPRZRH X8 (=6t Bz ZFot0ict

4. Give the Lewis dot structures of the most stable forms in the
followings. If there are resonance structures, draw all the possible
resonance structures. And determine the point group of each species
based on VSEPR.

)

. . point
species Lewis dot structures
groups
: ﬁ :
VOCls 'Cl \|/— |- Cor
:E_‘;I:
sc—pP—Cjt
PCls Cav
:.C_I:
. ﬁ H
SOF; H :F: /S\ :F: H Cov
: [ 1] : : .|:. :
L 1] o0 (1]
He) Cl—Q
(X ] (1) e
ClO2~ I Cav
(1] (Y} (1]
Q——Cl 0s
L X ] 'Y} e
-./-C-I\‘-
ClOs o / \ ‘o Cav
:ooo/cul\.- --/ggl\":




5. Ck22 HIER!I B62l #ZO0ICL. J#id 1A 2= E2 JdA A
ZEN X HBLES Z5F HIZ2 BEANE0N AU sEHES FEGHA
o2 ST QUCH HIZH 2ot 1211 sp? SAQHIES XD Y=
JAXES S2H0|2 EAIGHGE

5. The figure below is the structure of vitamine B6. The figure
correctly shows the atoms and the connectivities between the atoms,
but some chemical bonds are incorrectly described. Draw the correct
structures on the figure. And circle the atoms which have the sp®
hybridized orbitals.

6. OIS 22X E= 2F 2 point group2?
6. What are the point groups of the followings?

2i = 28 point group

/ﬁt«
D¢ .
k}-’.’, / (without letters)

1,2—-dichlorobenzene
Cl

1,2,4,5—tetrachlorocyclohexane

Con
H
Cl Cl
diborane
H
HIIII,,,B/ \B"‘\\\\H D2h

H™ N\, / WH
H

1,5—dichloronaphthalene

Cl
OO C2h
Cl

NEZAM Lewis dot structure0ll 2lat

4. SFg= On point grouplil &ol= 2
OS2A OSH 20l I8 & UL

™ expanded shellE JtXIL Yes A

F
F//”""S“\\\\\F
2 | e

F

=, Lewis dot structuredid= SFe2 S Z 220 1242 &XE JHEICH
1 SHYsth, D2l S-F S22 E0l 601 QUL

(a) Valence bond theoryOilH= SARX SOl 3s, 3p, 3d QUIEE0 &

gstot LM o [ S0’ iveride omitaiol 4713
hybride orbital0fl 1JH&S] ®XIJt SOI2ICH O LQUIZED FO sp® hybrid
orbitalZ otLte] HXIF S0JI J= orbitalt SFHGHH 0—ZES 0120t
1 BtCH 3s, 3p, 3d 2QUIE UM 0= 2QUIE0l EL0 &HOGiot=Xl &
OtEXt. SHIA EASE= hybride orbital@ SOIA F2 &dl= SAEZ HE
AlIGIRE M,

0l st&E9 reducible representation® CiSt 2L}

Oh E 8C3 6C2 6(:/1 3C2(=C42) 1 65,1 886 3011 60(1
rie|0]o|2 2 00| 0| 4] 2

'€ irreducible representation2 &22 HAIGHH
‘ I'= Aig + Eg + Tuy ‘ Jt ©Ck

0l irreducible representation£2 symmetry0ll 2= S obitalE2 LS
20l Falg & UL

Symmetry types of the

. . ) orbital(s)
irreducible representations
Alg 3s
Eg 3dz2, 3dx2—y2
Tiu 3px, 3Dy, 3Dz

* EQ = 4Kl B8 £+ 20 8

MetA, Sol gd=e  hybride

Ol

orbital2 3s, 3p orbital

| 3px, 3Dy, 3D: | obital, J2m 3d orbital

O

[ 3de 3de~e o aoisior een,

pEi

/B D/A
naphthalene
“ ”
y
Dan
X
dxy

4. SFs belongs to the On point group. The following is its Lewis dot
structure showing the expanded shell of 6 S—F single bonds with 12
valence electrons on S.
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(a) Valence bond theory explains the 6 S—F bonds as following. The
3s, 3p, and 3d orbitals of the central S atom hybridize to form

6 (number) spsd?‘ (name of hybrid orbital)




hybride orbitals. Each hybrid orbital has 1 electron. The outer F atoms
have sp® hybrid orbitals. The hybrid orbitals of S overlap with the sp®

hybrid orbitals (each with 1 electron) of outer F atoms to make O

—bonds. Following is the precedure to exactly determine the orbitals,

which form the hybride orbitals of S, among the 3s, 3p, and 3d
orbitals.

Let the arrows of the following figure represent the hybrid orbitals.

F‘\TS/F
PN

The reducible representation of the 6 arrows is

Oh E 8C3 6C2 6C4 3C2(2C42) i 654 856 SOh 60d

5. (a) How many fundamental vibration modes does CHs; have?

L9 ]

(b) Among the fundamental vibration modes, is the totally symmetric
C-H stretching mode of the next figure IR-active or Raman active?

| Raman-active |

(c) Give the reason of the answer (b).

rielof|o|?2 2 00| 0|42
[ can be reduced to the sum of the irreducible representations as
[ T= A+ Bg+ Ty |

Fill the following table with symmetry types of the irreducible
representations above and the correponding atomic orbitals S.

Symmetry types of the

. ) ) orbital(s)
irreducible representations
A, 3s
Eg 3d22, 3dx2—y2
T1u pr, 3py’ 3pz

O2lo s Sotol X8| #=2X 2 E(dipole moment)= BIGHK &
OLt B=2%X(polarizability)= BI8tCH Mctd, &S ASZ2EE= IR 22
gozes =FEX @10 Raman BFYS=Z= =TJE 4+ UCH

* Number of raw are more than necessary in the above table.

Therefore, the hybrid orbitals of S are formed from 3s,

| 3px 3py, 3P|

orbitals of 3p orbitals, and

\ 3d,2, 3dsoy2

‘orbitals of 3d orbitals.

5. (a) CHs= 2 JHQl JI=XSREE XD UASIH?

(b) 22l O S0A Ct2e XTSI =(totally symmetric C—H stretching)

& |R-active Jt, Raman acitve 8717 ‘ Raman-active ‘

(c) (bE2 0IRE Mat.

029 1S SOt 2Xiel A2 2HUE (dipole moment)= BISHA &
oL} M=% (polarizability)= BiIStCH Ti2tA, D8 INSZ2=EE= IR 22
Hoz2Ee Z£AHTX 21D Raman BZEYCRE EFE £ UL




6. (a) CH.& «&2Xe2t0 J1&88t2 MO (molecular orbital) OILXI &
F=E Odet. E/EE ¥ M group orbital 2|1 group orbitallt B
A9 0L 2HIE0l 2HLIA MOE StE=X MEAZAS HAlSHeH X
o=z MOY 2Zs 1dat. MO 01X &0 E0ict. OS2 FHF 2 ol
OICt. (c)o Walsh &F &=,

(a) Consider methylene, CH», as a linear molecule. Construct a
molecular orbital (MO) energy diagram for this species. Include
sketches of the group orbitals, and indicate how they interact with the
appropriate orbitals of carbon. Name the molecular orbitals and sketch
the molecular orbitals. Following is the example of FHF". See Walsh
diagram of (c) for your answer.
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(b) 88 CH.= & XM (paramagnetic) 1Dt EBHA}D| A (diamagnetic) o1
oF? &gotoict.
(b) Is linear CH2 paramagnetic or diamagnetic? Give your reasoning.

paramagnetic

&8 CH,Y EXNXIE 10b 10l 1nd 2 1m QHIEN = HY
unpaired electron0l RUACt. M2tA paramagnetic otCh.

(c) IS XH: X2 Walsh SHOICH Walsh SEZ22E CHII 48 &2
A X 2RHE XX ¢i=otoict.

(c) Walsh diagram for XH»> molecules is given below. Predict the
shape of CHz to be linear or bent. Give your reasoning.

1n, 1b,

&

£

w 1b,
2

1o, %
1a,

22T 2 (vent shape)

&8 CH,2 Mo JXHRIE 102 102 1,200 PET CH.Y
o MIHHXIE 1a®, 1bo?, 2a® OICH. Walsh diagramOilA 28 28
S MO UKL O YO M2tA P2 EDH = 240/0

Points

11 25 = 5+5+5+10

2: 10

3: 20

4: 35 = (4+3) x 5

5: 10

6:24 =3x8

70 41 = 3+3+10+10+3+3+3+3+3+3
8: 20 = 5+5+10

9: 40 = 20+10+10
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