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1. Consider the equilibrium reaction: Hy(g) + Bra(g) == 2HBr(g). Which of the following
correctly describes the relationship between K. and K, for the reaction?
A. K, =K,
B. K, = (RT)K,
C. K, = (RT)’K,
D. K, =K¢/RT
2. Which measurement is expressed to 4 significant figures?
A. 0.423 kg
B. 62.40¢
C. 82,306 m
D. 1300 K
3. Which of the following has an effect on the magnitude of the equilibrium constant?
A. removing products as they are formed
B. adding more of a reactant
C. change in temperature
D. adding a catalyst
4. Select the correct relationship among the concentrations of species present in a 1.0 M aqueous
solution of the weak acid represented by HA.
A. [H,0]>[A]~[H:0]>[HA] >[OH]
B. [H,0] > [HA]>[A]>[H;0"]>[0OH]
C. [HA]>[H20]>[A]>[Hs0"]1>[OH]
D. [H,0] > [HA] > [A]~ [H30]>[OH]
5. The hydrated AI** ion, Al(H.0)s*", is a weak acid in water. What are the products of its reaction
with H,0? (Al(H,0)6%" (aq) + H,0(l) — ?)
A. Al(H,0)s0H**(aq) + H;0"(aq)
B. Al(H,0)¢H*(aqg) + OH (aq)
C. Al(H.0)s*(aq) + 2H,0(l)
D. Al(H,0)sOH*(aq) + H30"( aq)
6. When a weak acid is titrated with a strong base, the pH at the equivalence point
A. isequal to 7.0.
B. is greater than 7.0.
C. isless than 7.0.
D. isequal to the pK, of the acid.
7. Which of the following aqueous mixtures would be a buffer system?
A. HCI, NaCl
B. HNOj3, NaNO3;
C. H3POy4, H,PO,
D. H,SO,4, CH3;COOH
8. Calculate E°y for the reaction of nickel(Il) ions with cadmium metal at 25°C. K = 1.17 x 10°.
(Ni**(aq) + Cd(s) — Cd**(aq) + Ni(s))
A. 0.075V
B. 0.10V
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C. 012V

D. 015V
9. Examine the following half-reactions and select the strongest oxidizing agent among the species
listed.
Cr**(aq) + 2= == Cir(s) °=-0913V
Fe?*(aq) + 2e- == Fe(s) E°=-0447V
Sr’*(aq) + 2e= == Sr(s) °=-289V
Co?*(aq) + 2e- == Co(s) °=-028V
A. Cr**(aq)
B. Co*(aq)
C. Sr¥(aq)
D. Fe(s)
10. The difference between a student's experimental measurement of the density of sodium chloride
and the known density of this compound reflects the of the student's result.
A. accuracy
B. precision

C. random error
D. systematic error
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Molecular Mass Spectrometry (20%)

1. How do the spectra for electron-impact, field ionization, and chemical ionization sources differ
from one another?

2. What mass differences can just be resolved at m values of 100, and 500 if the mass spectrometer
has a resolution of (a) 500, and (b) 1000?

Electroanalytical Chemistry (30%)

1. Calculate the electrode potential of the following half-cell at 298 K.

HCI(1.76 M)|H(0.98 atm),Pt (R=8.314 J- K*:mol™)

2. Define junction potential. Explain how junction potential occurs and how junction potential
influences with a potentiometric measurement.

3. Define faradaic current and nonfaradaic current.

Separation Methods (20%)

1. You are asked to use column chromatography to separate two compounds from their mixtures
and both GC and HPLC are available. If only one of the two methods is suitable for the
separation, please explain the reason based on the properties of the two compounds. If both
methods are suitable for the separation, which one should be chosen and why.

2. Differentiate FID (flame ionization detector) and TCD (thermal ionization detector).
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1. (60%) Give the major product of each of the following reactions.
) /\/\)CL 1. Bra, PBrs 11) >0  Et0,C—=——CO,Et
2vTT— 2
OH 2.Hz0 A o heat
o}

@)
(2) /©/\f 1. BHg, THF
-~ -
O,N OH 2. H30
O
WCl

Et,Culi, ether

CH3 CHg
CHs
SOCl,, CgH HC—/
2 616 (14) 3 %CH3OH HZSO4
<
H
O 0
. o o
(5) CHa-SMez, DMSO (15) CICH,CO,Et, NaOEt
CHO
1.NaOH _ HaC
— (16) 1. (CH,SH),, BF3
2. H30 -
CHO HSCﬁ\\\‘. 2. Raney Ni
H-C
O FA CHs 30
,\CH
HsC 3 (17) Br 1. NaOH
cl 2. H30"
X Me,NH O
(8) | P (18) CH>No, ether
N
©) @icozo furan, heat H3C  CHj
> (19) N heat
N2® ©/®\/\ —_—
@]
oN H3C
1. CH5;CH»COCI, AlCI 20
(10) 312 3 (20) heat
2. HNOg3, H2SOy4
H3CO

(12) l l Ny  hv, H0
CH
(13) heat
HsC XX O\/CHS - s
4

2. (10%) Give the systematic name for each of the following compounds

1) () cl ©)

CH
o AN =
Br —
Br

NO, CHg

(4) hyc

g\ O ~COoH
HO



3. (20%) Propose a reasonable mechanism for the following reactions.

o)
(1) NaOH, Bry NH
K~ NH; K ° + CO
HsC CH3 H20 H3C CH3
light
2) CHy + Clp 9% CHsCl + HCI
_ Li / NH
() SN, 8, aCHa
HsC CHs HsC

CHO
CN MesN, CN
@ + [
O2N H>0 OoN

4. (10%) Design a synthesis for the target molecule from the indicated starting material.

CHg
HaC HaC
(@)
o) (:/( E—— COH
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. Induced fit model
. Hairpin
. FRET(fluorescence resonance energy transfer)
. De novo pathway
. Ketone bodies
. Chemiosmotic coupling
. Leucine zipper
. miRNA
. Telomerase
10. Transamination reaction
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Steroid hormones Y[1{f /% gene expression?
@i E. coli 7t protein synthesis f[ 1% polypeptide chain elongation A -
i the fluid mosaic model: &I i/[lfﬁﬂé}‘ﬁjj biological membranes 15! ’?‘H‘aﬁ?ﬁ%’)
EMEE AN bl JFéfJ pyruvate metabolism -
#i[¥] the Sanger method: J[1ff - DNA sequence?
[ mitochondria [ 1f*) the electron transport process e .
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1. P = Penicillin %ﬁfﬁé%l?'ﬁéﬁl?'ﬁﬁ@% [ peptidoglycan EIUF&E‘} (I Pt rﬁgﬁ’?‘y
“E[Eslp UhlgEt: IFE’EH(J?%’TF, clavulanic acid ‘HH o =141 penicillin % clavulanic acid fi Jﬁ:ﬁijfj[[

H
iy O CH,OH
s j/ N
o ——N
/N /
// ©
o COOH
COOH Clavulanic acid

R

Penicillin
IR TR AR L1131 (2210 (2 (4L 15 57)
(A) }‘ﬂ“ui - penicillin DD[F’E%E'&HEW@? [1.V peptidoglycan ﬁILJ 757? (457)
(B) B[R A inactive penicillin fi UITiE=? (4 57)
(C) Clavulanic acid iF %{[Wuﬁli?'ﬁ%lﬂﬁ[ %ﬁkutﬂ {72 (457)
(D) Penicillin ¥ clavulanic acid i J[[{f? ’Eﬁr/#ﬂﬁkﬁﬂ (pHEE):
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(a) reversible inhibitor (b) irreversible inhibitor (c) competitive inhibitor (d) noncompetitive
inhibitor (e) uncompetitive inhibitor (f) mix inhibitor  (g) suicide inhibitor (3 77)

2. Myoglobin * hemoglobin =0, ﬁ'ﬁf’ﬁ s D & fﬁ'f*éffozpfj%ﬁ?j% o
ﬁ%ﬁ[ﬂlﬁ* \I/IWE‘F%I%FHJ H: (H 15 57)

(A) Myoglobin % hemoglobin ,%’:iﬁff%fﬁ'l@% E1?2(257)

(B) iﬁ [“ib By (T PrET 32220, ﬁ“@%ﬁ? (257)

(C) =20, ﬁ%ﬁ‘[ %, $fmyoglobin % hemoglobinzdifg F, ¥ ffriy4%? (3 57)

(D) #[I-imyoglobin % hemoglobin.” § (the fraction of ligand binding sites) =202 iﬁiﬁﬁjfﬁfdfﬁ?g%ﬁ‘
(6 vs. pOz) » =R H % 2 Frlge = (557)

(E) i FETEJ[ Bohr Effect? (3 57)

3. Glucagon J[Ifif (RLE"F-if[ 1 glycogen fiv 75 ##? (10 53)
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