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1. A8 AN HXO AEIZE UEHHE wavefunction S0 4fze-ya E 1000 -
QHIZ 9| angular function® Y=(constant)z(x’*~y?)22 HEAIELC} 3 {
1. The 4fxe-y2) orbital of a hydrogen—like atom has the angular
function Y=(constant)z(x2-y?).1 500 =
(@) 4f0-y2) 2HIE0E 2 JHS angular nodedt AE=IH?
(a) How many angular nodes does the 4f;xe-y2) orbital have? 0

-500 ~ Atomic Number

(b) (a)2 2} nodesS0ll THgt LFAI2? (42 nodelt ACHH, niHel LH

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

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

(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.)
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2. OS2 gXYso Mg ol2stiiuXiet X ES=o SIS LIEHH
JE0ICt XtMIol 29 XSO SOHg M MXRSTol S2H(®E) It
El2 OIXl |AHS+H 0 sHL6l= |ANESY 0123 HUXS 52 IHE W
dlh= 242 & 4 ACL O 0IKE Mel. (10)

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+1? (10)



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) (20)

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

4, ¢ A E£= 020 Jt& ot
. S A= FBR0= Ots =
VSEPRZRH FXE H=stn Bz 2 ct.
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.
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species Lewis dot structures

VOCl3

PCls

SOF4

ClO2

ClOs




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

=k = 28

/ﬁt«
D¢
k}-’.’, / (without letters)

1,2—dichlorobenzene
Cl

point group

1,2,4,5—tetrachlorocyclohexane

H
Cl Cl

diborane

H
HI/III..B/ \B.n\\\\H
H™ N\, / WH

H

1,5—dichloronaphthalene

NEZAM Lewis dot structure0ll 2lat

7. SFe= On point grouplil Hol= 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 &

sao | Mg | hybride orbitalol 44713 2t
hybride orbital(il 1JH#/S Xt S0{2tCh O LQUIEEW F2l 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,

F/i\F

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

Oh E 8C3 6C2 6(:/1 3C2(=C42) 1 68,1 886 3011 60(1
NN

'€ irreducible representation2 &22 HAIGHH

| I= o SICk

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

Symmetry types of the .
. . ) orbital(s)
irreducible representations

* EQ = 4Kl B8 £+ 20 8

metd, Sol E4dE=  hybride orbital2 3s, 3p  orbital

Ol

‘ ‘ orbital, 2l 3d orbital

O

‘ ‘OI Z03t0l QHECH

naphthalene

y
X
Oy

7. SFe 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

(number)

(name of hybrid orbital)

_3_



hybrid 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
'l 6

[ can be reduced to the sum of the irreducible representations as
| I=

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

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

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

‘ ‘orbitals of 3d orbitals.

orbitals of 3p orbitals, and

8. (a) CHs= ¥ JHQ D|2ASZEE XD UASIN?
(b) 22l O S0A Ct2e XTSI =(totally symmetric C—H stretching)

= IR-active 8tJt, Raman acitve 8tJt? ‘

(c) (b)E2 0IRE Met.

8. (a) How many fundamental vibration modes does CH4 have?

L 1

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

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




9. (a) CH.& «&2Xe2t 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.

9,0 =

O8 518 AF S 2R ASH - )

- - HE (i Oxbitals)

(b) 88 CH.= & XM (paramagnetic) 1Dt EBHA}D| A (diamagnetic) o1
oF? &gotoict.
(b) Is linear CH2 paramagnetic or diamagnetic? Give your reasoning.

(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.
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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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