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1. Which of the following statements is correct? Refer to the structure shown below:

CH; CHy CH,

CH3CCH,C——CHCH,CH,

CHs  CHCH,

CHs

(A) nine 1° carbons, two 2° carbons, two 3° carbons, and two 4° carbons
(B) eight 1° carbons, two 2° carbons, three 3° carbons, and two 4° carbons
(C) eight 1° carbons, two 2° carbons, one 3° carbons, and two 4° carbons
(D) eight 1° carbons, two 2° carbons, two 3° carbons, and two 4° carbons
(E) eight 1° carbons, two 2° carbons, two 3° carbons, and one 4° carbons

2. Which of the following has an INCORRECT TUPAC name?

CH3 C‘:Ha
\

(A) CH3CH,CHCH,CHCH,CHCHs  4-(sec-butyl)-2,6-dimethyloctane

CH3CHCH,CHs
(B) />§\/\ 3-ethyl-3-methylheptane
CH,CHs
(C) O (1R,25,55)-1-ethyl-2-isopropyl-5-methylcycylohexane
CHs CH(CH3),

CHs
(D) HaC\(j\A 4-ethyl-1,7-dimethylspiro[2.5]octane
CH,CH
CHa
(E) O:k 7-ethyl-2-methylbicylo[4.2.0Joctane

CH,CHa

3. Which of the following is NOT optically active?
H OH CHs

<Gl S 7 ® YAV
H H |""/CH3 4 H
L CH,CHy e 0
(A) (B) (C) (D)
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4, Which of the following nomenclature is INCORRECT?

H3CHZC\ ,CHS
/C:C\ .
(A) cl CH.CH,CCHs (2S, 52)-2,6-dichloro-5-methyloct-5-ene
Fi
H CI

Cl H B H
\s

(B)  h,ccc=cceH,

(2S,5R)-2-bromo-5-chlorohex-3-yne

(C) HyC=CHC=CCH=CH, 1,5-hexadien-3-yne

H
H3C C=CH,
(D) \Q/ 3,5-dimethylstyrene

CHq
5. Which of the following statements is correct?
CH, H Br
Cl—H Cl——CHs = B "ay C,Csz
1 w /CH
FBe L o Br—1—Gofs CzHs CHa " of G
CoHs CHs H

(i) (if) (iii) (iv)

(A) (i) and (iv) are identical

(B) (i) and (ii) are enantiomers
(C) (i) and (iii) are enantiomers
(D) (ii) and (iv) are diastereomers

6. Which of the following is an INCORRECT representation of (2R,3S)-3-Bromo-2-iodopentane?

CH CH
rm ’ ’ Br  CH,
== i )
Br—— C C"”H
HyCH,C \I
(A) (B) (C) (D)

7. Which of the following is an aromatic compound?

(A) C!Q (c) @ (D)
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8. Which of the products from the following reactions is INCORRECT?

Br,

:w e A
(A)

Br

{ \ Br(CH
(i) Br\/\/\Br + CG Br

(B) (C)
Br 1) nBuLi N
{iii) Br\)\/NHz ‘HBr ——————————
2) (@] I
NC o
| (D)

9. Which of the following choices does NOT describe the most stable chair conformation for the
structures shown?

OCHs OCH3
(A) /@ — (HSC)E,C\g?
(H3C)sC "'CoHs CaHs
CHs
CHa CHs
B =
2 CsHs\ﬁij
CsHs
b - H cl
©) @’ — @i
: I
‘Bu
Bu
(D) = &,m
cl

10. Which of the following choices does NOT depict the correct order of reactivity towards Syl
reaction?

> i

>|\Br Br Br

B) O(\ 2 s
Br Br

(C)

CI\

O
A
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11. Which of the following reactions gives the correct product?
o
0 OEt oet M OEt
(A) Br/\)LH E,ET > Br/\/]\ OEt —Mg—"* Bng/\/J\OEt A > Ni‘"gl > /\‘/\)\OEt
OH
CrOz2P o=
Rl e O /\r(\)\OE ___,, /\r(\)lx
o)
o) H o
(B) HLome A (D)Lom 0s0. j)(
@ o H202 —

HBr M H*
2

Fe
Br

MgBr
12, Which of the following reactions does NOT give the correct p1oduct?

il BjHs  Ha02 OH HO

B,Hs H202, OH
(B) >

(€) — Bsz ik il \)LH

Br -
NaNH,, NHam N ™ BaHe H202s OH
o = s = - N~ > —

13. Which of the following is an INCORRECT reaction?

NN

____,./\

OH
B g, b B HOHS=SS e

(A) Mgl g NF

B g+ Na—==

(D) \—:—Na + A — \—z—

gl O
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14. Which of the following is NOT in the correct order in terms of acidity?
NO, O

0 o]
A
(A) /\)LOH P S NN .
NO,

O (0] 0 0 0
R N N e e

F cl 0 Y =
& > > /  / >
ok OH OH OH OH
4 0 0 0 0

0 0 o o) ol
o oNQ )X > Nc—@—( > F—< < > CI——< H - o—< H

OH OH OH oH OH
15. Which of the following reactions does NOT give the correct product?

(0] @]
Q g SOCI
(A) /\/\OH KMn & H > /\)I\OH -—~—2> /\/U\C|

oH, A

o COOH

5 )\/\Br KGN H,0 H* N )\/\Br

OH W A

0 » 0

© A~y + HO\( s /\)LO/I\
0

(D) \L/>:O + N —— HO\)\)J\N/

¢ H

16. Which of the following reactions gives the correct product?
0

" )CL/Y NaOH-H,0 @
100 °C
0 OH
0 O
(®) Br-@-ﬁi + é/ TRoH g

C,Hs 0 H OH

-
-

©) HE E, LiAIH,4 H,O CsHs ;
H

O LiAH, — HO
(D) > »
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17. The description “The anions form a face-centered cubic packing, and the cations occupy half of the
tetrahedral holes formed by the anions.” fits to which of the following crystal structures?
(A) NaCl structure (B) Anti fluorite structure (C) CsCl structure (D) Wurtzite structure
(E) Zincblende structure

18. Which of the following molecules has the highest boiling point?
(A) HF(B) HCI (C) H20 (D) NH3 (E) CHq

19. Find the molecule that does not belong to the same point group as the others.
(A) 1" (B) H,0 (C) I (D) O3 (E) All molecules belong to the same point group.

20. Which of the following coordination compounds shows the least intense color?
(A) [Cu(H20)6** (B) INi(H20)6)** (C) [Mn(H20)6]*" (D) [Fe(H20)e]™* (E) [Cr(H20)6]**

21. The presence of Fe** ions can be proven with the formation of an iron thiocyanate coordination
compound. When adding an aqueous potassium thiocyanate solution to a solution containing Fe¥*

ions, one sees an intense..
(A) blue color (B) red color (C) green color (D) violet color (E) yellow color

22. AgX (with X =F, Cl, Br, I) differ in their solubility in water. Which of the compounds has the

smallest solubility product in water?
(A) AgF (B) AgCl (C) AgBr (D) Agl

23. Which of the following ligands is the “strongest™?
(A) Chloro ligand (B) Cyano ligand (C) Aqua ligand (D) Oxo ligand (E) Iodo ligand

24. BioHi4 is a ... borane structure.
(A) closo (B) nido (C) arachno (D) hypo (E) clado

25, Na' ions lead to a very distinct flame coloring. The color is mainly a result of the emission of photons

with a wavelength of about....
(A) 380 nm (B) 450 nm (C) 590 nm (D) 730 nm (E) 810 nm

26. In a hexagonal-closed packed structure, the (010) surface and the (001) surface form an angle of...
(A) 45° (B) 60° (C) 90° (D) 120° (E) The two surfaces are parallel.

27. The metal d-orbitals of an octahedral coordination compound splits into two different energy levels.
Into how many energy levels do the metal d-orbitals of a trigonal-bipyramidal coordination
compound split?

(A)1(B)2(C)3(MD)4(E)>

28. Which of the following half-reactions occurs at the cathode of a Zn|ZnSO4(1M)||CuS04(0.1M)|Cu
voltaic cell?
(A) Zn* +2¢ > Zn (B) Zn > Zn*" +2¢" (C) Cu > Cu?* +2¢ (D) Cu** +2¢" > Cu
(E) None of the above.
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29. Give the final product for the reaction sequence shown below.
OH
o HET H;0, HO_ o
%\F H+ 0304 ]—rL
H

30. If atoms of the same element occupy both the anion sites and the cation sites of the zincblende
structure, one gets which crystal structure?

31. Instantaneous dipoles are responsible for what kind of intermolecular interactions?

32. How many microstates are associated with the ground-state electron configuration of an isolated V
atom?

33. When boronic acid is dissolved in water, the solution becomes acidic. Write down a reaction equation
to show how boronic acid reacts with water!

34. An isolated F atom has the electron configuration 1s? 2s* 2p°. Write down all term symbols
associated this electron configuration.

35. If [Pt(NH3)4]* undergoes ligand substitution reaction with two equivalents of CI', what is the
expected main product? Draw the structure of the product and name the product.

36. Draw the structure of ferrocene, and count the number of valence electrons.

37. The d-orbitals of neighboring transition metal atoms can form different types of MOs. Draw each an
example for a 6-, n-, -orbital formed by two metal d-orbitals.

38. Does Hi" show a D3y symmetry or a Coy symmetry? Use molecular orbital diagrams to explain your
answer.

AL E

Ds | E 2C3 3C2' on 283 3oy | A=12
Al 1 1 1 1 1 (x2+y2), 22
A1 1 a1 1 1 A R,
El2 -1 0 2 -1 0] &y |,y
1
1
2

A l n
AZ!‘T

El -1 0o -2 1 0 | ReRy) | (xz,vy2)
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Cow | E C2 ovxz) oyz) | =4
Ar |1 1 1 1 7 250, 9P
Ay |1 1 -1 -1 xy R-

B |1 -1 1 -1 X, Xz R,
B |1 -l -1 1 V, yz Ry
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1. Before doing the Joule experiment, which of following statement is NOT correct?
(A) We need to know Cy (B) Design a dU = 0 experiment (C) We need to know i, first (D) Create an
adiabatic free expansion process.

2. In an isothermal reversible expansion process for an ideal gas, which of following statement is NOT
correct?

(A) AU=0 (B) AT=0 (C)dq 0 (D) (%)T %0

At 300K, which gas has a negative Joule-Thomson coefficient?
(A) He (B) Ar (C)CO2 (D)N2
4. What is the correct relationship between Cpand S?

(W) Cp = () (B)asdP=0,dS =£dT (C)asdP=0, dS = C,dT (D) dV=0, dS = Zdp
AT/ p T P

5. If we mix 0.3 mole of pure benzene with 0.7 mole of pure toluene at temperature T. Assume this
mixture is an ideal solution. What is AGmix?
(A) 0.7RIn0.3 + 0.3RIn0.7 (B) 0.7RTIn0.3 + 0.3RTIn0.7 (C) 0.3RIn0.3 + 0.7RIn0.7 (D) 0.7RTIn0.7
+ 0.3RTIn0.3
6. Please estimate the molecular density for 1 mole ideal gas per cm® at 1 torr and 300 K?
(A) ~3.2x10" (B) ~3.2x10" (C) ~3.2x10' (D) ~3.2x10"7
7. Interms of energy, 3 GHz is identical to X wavenumber (cm™"), What is X?
(A)1(B)0.5(C)30(D)0.1
8. What is the boundary condition for a “particle on a ring” model?
() W(0) = y(2m) (B) W(0) = Y(m) (©) Y(0) = (%)
O w() =0,y((2m) =0
9. The lowest eigenvalue for a H atom is —13.6 eV. Calculate the energy uncertainty if the lifetime in the
given state is 1.0 nanosecond?
(A) 4.74 eV (B) 38.1 peV (C) 0.33 peV (D) 1.35 peV
10. The Y3 (0, ¢) is an eigenfunction of L2, so what is the eigenvalue?
(A) 2R (B) 2h? (C) 6R? (D) 4h?
11. What kind of symmetry operation is for determination of the minus sign of % g_‘?
(A) oy (B) Loy (C) S(9) (D) €
12. The rate constant for the reaction 2I-> I is 7.0x10° m’mol !s! at
296 K and 7.7x10° m*mol's! at 303 K. What is E, (kJ/mol)?
(A)16.5 (B)35.5 (C)10.2 (D) 185
13. If the population decay channels of the excited state decay include three channels,
such as fluorescence channel (kr = 10 s7/), internal conversion channel (ke = 10" s7), and
intersystem crossing channel (kisc = 10° s7¥), what is the observed fluorescence lifetime 7#?
(A) 1 psec (B) Imsec (C) 1 nsec (D) 1 psec
14. If we want to acquire a Raman spectrum with a 785 nm laser for exciting a C—H stretching at 3000
cm™!, what Stokes peak in nanometer (nm) will be appeared in the Raman spectrometer?
(A) 985 (B) 1064 (C) 1027 (D) 633
15. At room temperature, which kind of molecular motion has least contribution to the entropy for CH4?
(A) Rotation (B) Vibration (C) Translation (D) Electronic

(%]
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1. The equation of state of a van der Waals gas is given as (P + %) (V —b) = RT, where a, b, and R
are constants. Derive the critical temperature 7. (10%)

2. Find <P;>, <P,*> for n=1 state of a particle in a 1D box with a length L. (10%)

3. What is the difference between the end point and equivalence point in a volumetric titration? (5%)
How do you correct this “difference” in an acid-base titration? (5%)

4. In the ionic strength range OQOul M, activity coefficients decrease with (a) increasing ionic strength
(3%); (b) increasing ionic charge (3%); (c¢) decreasing hydrated radius (3%). Which statements are
true?

5. The concentration of the alkane CaoHaz (molecular weight: 282.55) in a particular sample of
rainwater is 0.2 ppb. Assume that the density of rainwater is close to 1.00 g/mL and find the molar
concentration of CaoHsz. (10%)

6. A 0.0450 M solution of benzoic acid has a pH of 2.78. Calculate pKa for this acid. (10%)

7. Calculate the pH of 5.0 x 10 M HC1O4.(7%) What fraction of the total H" in this solution is derived
from the dissociation of water? (4%)
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