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Part L Choose the best answer and one answer only (40 %)
1. The Bohr model of the atom works reasonably well in the calculation of energy levels in hydrogen. What ’
other electron systems can be described by this model? i -
(a) all elements in the lithium family (b) all elements in the helium family (c) any one electron system
(d) only hydrogen and helium (e) only hydrogen 7
2. Using the following Kj values, indicate the correct order of base strength. 15
HNO2 Ka=4.0x 104
HF Ka=7.2x 104 .
HCN Ka=6.2x 10-10
(a) CN- > NOg~ > CI* > F- (b) CI" > F- > NO2~ > CN- (¢) CN- > F- > NO2™ > CI |
(d) CN- > NO2~ > F- > CI- (e) none of these is correct ' -
3. For a weak acid, HX, K3 =1.75x 10-3, Calculate the pHofa LOOM solution of HX in water.
(a) 6.00 (b) 2.38 {c) 4.76 (d) 2.50 (e) none of these ]
4. Which of the following statements is false? 410
{a) A fluorine atom has a smaller radius than a chlorine atom.
(b) A neon atom has a smaller radius than an oxygen atom. M
{c) A fluorine atom has a smaller first ionization energy than an oxygen atom. i
(d) A potassium atom has a smaller first ionization energy than a lithium atom.
{e) All statements are true. -
To answer questions 5 and 6, consider the reaction 2N205(g) — 4NO2(g) + O2(g) ]
at 25 °C for which the following data are relevant: ' 415
Wt AH'f s°
N20s5 11.29 kJ/mol 355.3 J/K mol T
NO2 33.15 kl/mol 239.9 /K mol i
107 ? 204.8 J/K mol
5. Calculate AS® for the reaction.(a) 89.5 J/K. (b) 249.2 J/K {(c) 453.8 J/K (d) 249.2 J/K (e) -115.6 /K
6. Calculate AG® for the reaction at 25 °C. (a) -135 kT (b) 98.7 kJ () -25.2 kJ (d) -11.2 kJ (e) 0 ’
7. Under conditions of constant pressure, the heat flow that occurs during a chemical change is equal to: 420
(2) AE (b) AT (c) AH (d) AV (e) AW
8. Using Hess's Law and equations 1-3 below, find AH" at 25 °C for the oxidation of CoH5O0H(I): 7
CoHsOH(p) +302(z) —  3H20(1) +2C02(g) i
1. CoHy(g) +302(g) — 2C02(g)+ ZH20(1) AH® =-1411kJ
2. C(graphite) + 3H2(g) + 11202 — * C2HSOH() AH® =278 kJ -
3. CoH4(g) + H20(1) — C2HSOH() AH' = -44 kI
(a) AH' = 44 kJ (b) AH® = 632 kJ (c) AH" = -1367 kJ (d) AH® = -1742 kJ (e) none of these ‘ l
9. Given the following two reactions at 298 K and 1 atm, which of the statements is true? 425
1.Nyg)+02(g) — 2NO(g) AHj '
2.NO(g) + (12)02(g)  — NO2(g) AH?p ]
(a) AH"f for NO2(g) = AH (b) AH'f for NO{g) = AH{ (c) AHj* = AH3 (d) AH'f for NO2(g) = AH2 + v2)ad;
{e) none of these is true '
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10. Which set of 4 quantur: numbers, n, 1, mi, and s, are unacceptable for any system?
(@)1 001/2(b)1 00 -1/2(c)4 3 31/2(d)6 2 0-1/2(e}4 23 172

11. How many bonding and antibonding electrous are there in the [F2]2- molecular ion?
(a) 12 and 8 (b) 10and 10 (c) 11 and 9 (d) 9 and 11 (¢) 8 and 12

12.The oxidation number of phosphorus, in PO2CL, is

{2)-3 (b)+3 (c) -5 (d) +5 (e) +4

13. The corregt name for C302 is

(a) carbon oxide (b) tricarbon oxide (c) carbon dioxide (d) tricarbon dioxide (&) carbon (1) oxide
14. How does NaH behave in the presence of water?

(a) as a base (b) as an acid (c) is neutral (d) is amphoteric (¢} as an oxidizing agent

15. Which one of the following complex ions is paramagnetic?

(@) [Fe(CN)6}4 (b) [Zn(NH3)4]%* (c) [CrO4]?- (d) (FeFg]* (e) [TiClg)>-

16. Calculate Kgp for Hg2Cl2 given the following data:

HgaCla (s) + 2e- = 2Hg) + 2Cl(aq) E'=+0.268 V
(Hgo)2* (aq) + 260 —  2Hg() E'=+0.79V
HgaClz ) == (Heg2)2* (ag) + 2C1 (ag) Ksp=?

(a) 2.02 x 10-18 (b) 1.16 x 1018 () 4.04 x 10-18 (d) 5.55 x 10-19 (¢) 7.72 x 10-18
17. A cell is constructed based on the following reaction
2Al(s) + (Cr07)2 (aq) + 14 Ht(aq) == 2A13+ {aq) + 203+ (aq) + TH20 () E*= +2.99V
Calculate the pH of the cathode compartment if the cell emf is measured fo be +3.01 V when [Cr3+]=0.15M,
[AI3+] = 0.30 M, [H+] = 7, and [(Cr207)21=0.55M
(a) 0.94 (b} 0 (c) 1.5(d) 3.6 (e} 4.8
18. Calculate the pH of a mixture of 50.0 mL of 0.100 M CH3CO2H (Ka=175x 10-3) and 50.0 mL of 0.100
M NaOH. |
(a) 7.000 (b) 5.272 (c) 9.123 (d) 8.728 () 7.282
19. What mode of decay is found in heavy elements that is not found in light elements?
(a) beta capture (b) beta emission (c) positron emission (d) alpha emission (¢) neutrino formation
20. The melting and boiling points increase for the honiologous series (CnH2n+2) starting with n=5 to n=15
because of an increase in : s
(a) hydrogen bonding (b) dipole-dipole forces (c) dipole-induced dipole forces (d) London forces
(e) the number of double bonds
Part 1. (20%)
I. A simple way to examine deviations from ideality is to look at the compressibility factor (z).
z=PV/oRT '
The most common behavior involves an initial negative deviation followed by positive deviations, as shown in
following figure, Consider oxygen gas at 0 °C as an example. Under conditions where z is less than 1, the gas

pressure is (lower or higher) than that of an ideal gas because of

. When z begins to increase, we are seeing the effect

2. (a) The order of acidity of boron halides (BF3, BCl3, and BBr3) is
(b} The order of acidity of H3AsO3, H2804, H2Se03, HCIO4, H2503 is

(c) The point group of benzene is
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3, Refer to the cell diagrammed below.

voltmeter
. .
Pt | : Pt
[Br,] = 0.1M : )= 0.2M
[Br]=1.0M M}=2.0M
Brp + 2¢- — 2Br E'=100V
I + 2= — 2I E' =054V

(a) What is the value of E cell?

{b) What species is oxidized?

(c) Which electrode (left or right) is the cathode?

{d) What is the value of the equilibrium constant at 25 °C for the net chemical reaction?
Part III. (40%)

1. For the OSF4 molecule

{a) Draw the Lewis structure.

(b) Give the geometry of the molecule including expected distortions.

(c) Indicate the polarity of the molecule.

2. For the molecule NO _

(a) Draw the molecular orbital energy diagram.

(b) Give the molecular orbital description.

(¢) Give the bond order in this molecule.

(d) Compare the bond energies in NO*+, NO, NO~.

(e) Give the magnetic properties of NO*+, NO, NO-.

3. Explain the following items: (a} concentration cell (b) blackbody radiation (c) Heisenberg uncertainty
principle (d) electron affinity (e) degenerate

4. Calculate the pH of a 5 x 105 M solution of phenol (Ka = 1.05 x 10-10),
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1. (12%) ﬁ-iﬁ(%ﬁ-&%{ﬁf#ﬁ’ﬁ})‘

(2) (3%) 1 ppm of Cu”" (atomic weight = 63.5) is equivalentto
D 63.5ng/L ® 63.5 ug/L ® 63.5 mg/L® 1 ng/L & 1 pg/L. ® 1 mg/L.

(b) (3%) If a weak base is too weak to titrate in water, which solvent in the
following would be more suitable than water for the titration of this base
with HCIO, as the titrant?

@ acetone @ methano! @ ethanol @ ammonia @ acetic acid

{c) (2%) Which of the following electrode is where only oxidation reactions will
take place?
® anode @ cathode @ reference electrode @ counter electrode
® working electrode ®auxillary electrode @ NHE

(d) (4%) The amino acid arginine has the following forms: -

+ pk, =182 =& pK,=1248

HaArg?t == HyArg’ 28 HArg Arg
What would be the approximate ratio of the dominant form to the overall
arginine at pH = 10.07 :
D 40% @ 50% & 60% @ 70% © 80% ® 90% @ 100%

2. (8%) HE(EHE I —5)

The following diagram shows four wavelength ranges of electromagnetic radiation.

{a) (2%) Which one is the range employed in IR spectroscopy?

@ range A @ range B @ range C @ range D ® none of these ranges
(b) (2%) Which one is the range employed in UV/Vis spectrometry?

@ range A @ range B @ range C @ range D ® none of these ranges

(¢) (2%) Which one is the range employed in chemiluminescence measurements?
@ range A ® range B @ range C ® range D ® none of these ranges

. (d) (2%) Which one is the range employed in ESCA?
@ range A @ range B @ range C @ range D ® none of these ranges

1 o
[IIl_?_llIIDI

PN T E T A | R | S | L
wavelength, m

3. (5%) Calculate the pH of a solution prepared by dissolving 14.998 g of NaH,PO4
(fw 149.98 g) and 17.196 g Na;HPO, (fw 171.96 g) in 500 mL deionized
water. (The K, K», and K; for phosphoric acid are 7.11 % 1072, 6.34 x 10,
© + and 4.2 x 107, respectively.)
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4. (6%) The following cahbratlon data were obtained by an instrumental method for .

the determination of Pb™* in aqueous solution.
(a) (3%} Calculate the calibration sensitivity.
(b) (3%) Calculate the detection limit for this method.

[Pb**] (ppm) [No. of Mean Analytical|  standard
Replications|  Signal, 8 deviation, ppm

0.00 25 0.031 0.0044
2.00 "~ 5 0.131 0.0039
4.00 5 0.231 0.0052
6.00 5 0.331 0.0046
8.00 5 0.431 0.0050
10.00 5 0.531 . 0.0048

5. (a) (3%) Define "internal standard methods".
(b) (3%) Why is the internal standard method ofien employed in plasma emission
spectrometry?
6. (4%) Use the data in the following table and Beer's law to evaluate the missing
quantities (a) and (b). (The molecular weight of the analyte is 250.)

CA % T £ b
absorbance | transmittance | molar absorptivity 1 (cm) | (M)
0.842 (a) 7.73 x 10° 2,00 (b)

7.(5%) The efficiency of chromatographic columns can be approximated by the
expression H=Bu+Csu+Cmu
where H is the plate height, and u is the linear velocity of the mobile phase,
B is the longitudinal diffusion term, Cs and Cyy are the mass-transfer
coefficients, '

(a) (3%) According to this equation, is it correct to say that a column without
packing particles has a better column efficiency than those with packing .
particles? You need to provide your reason.

(b) (2%) Why does the minimum in a plot of plate height versus flow rate occur at
lower flow rates with liquid chromatography than with gas
chromatography?

8. (4%) Draw a schematic diagram of a Michelson interferometer, The diagram
should include mirrors, light source, detector, and sample.
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9. (10 points) The vapor pressure of nitric acid is as follows:
T/ °C 0 20 40 50 70 80 o0 100
P/ Tofr ' 14.4 47.9 133 208 467 670 937 1282
‘What is the normal boiling point and the enthalpy of vaporization of nitric acid?
Note: Clausius-Clapeyron equation is good for this question.

10, (7 points) Estimate the lifetime of a state that gives rise to a line of width of 0.1 em-l

11. (16 points) Explain the following terms: (a) Secular determinant (b) Hiickel approximation (¢) Coulomb
integral (d) Resonance integral (e)Variational principle {f) Born-Oppenheimer approximation (g) Semi-empirical
quantum calculation (h) Fermi level.

12. (7 points) The wavefunction & (¢) for the motion of a particle on a ring is of the form ©(¢) =Neim¢.
Determine the normalization constant N, .

13. (10 points} The following data have been obtained for the decomposition of N2O5 (gy at 67 °C according to

the reaction ZN»QO5 —> 4N2(g) + Og(g). Determine the order of the reaction, the rate constant, and the half
life. It is not necessary to obtain the result graphically, you may do a calculation using estimates of the rates of
change of concentration.
t/time 0 1.00 2.00 3.00 4.00 5.00
IN205)/(molL-1) 1.000 0.705 0.497 0.349 0.246 0.173
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I. Choose the best answer and ONE answer only. (40%; 2% each)

1. Which of the following molecule will have a net dipole moment?
H Cl H H

(@) CCly (0) HC=CH, (O »=( @ =

Cl H Ci Cl

2. Which of the following alkenes violates Bredt's rule?

@) [ (b) /\ (c) [ (@) 9

3. Which of thg following additions to 2-methytpropene occurs with anti-Markovnikov
orientation? '
(a) Catalytic hydrogenation (Hy/Pt)  (b) Addition of HOBr
{c} Addition of HBr in the presence of ROOR  (d) Addition of H

4. Which of? the following alkyl halides would be suitable for formation of a Grignard
reagent? '

(@) HyNGHaCH,Br (b) (CHa)zNGHéQHZBr ,
o _ .
{c} CHs(l':‘CHQCHZBr {d) BrCHyCHCH.CN

5. The kind of spectroscopy which is best for determining the functional groups in a
molecules is
(a)Uv (IR (c)MS (d)NMR

6. Which of the following compounds would be the most reactive dienophile?
(a) CH,=CHCHj3 {b) EtO,CCH=CHCO,Et ‘

(c) CHy=CH, (d) CHp=CHQOCH,

7. The following reaction is best accomplished with:

{a) kucas'reagent (b) Na,Cr,0,/H504 (c) hot nitric acid

(d) Collins reagent
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8. Which of the following dienes would undergo a Diels-Alder reaction?
{a) 3-methylenecyclohexene (b) 3-methyl-1,4-cyclohexadiens,
(c) 2-methyl-1,3-cyclohexadiene (d) 1,4-cyclohexadiens

9. Whiich of the following compounds is the strongest acid?
(a) 1-pentene (b) 1,4-pentadiens (c) cycloheptatriene (d) cyclopentadiena

10. The reagent which will differentiate between a ketone and an aldehyde is
(a) 2,4-Dreagent (b) Tollen's reagent (¢) Bro/CCly (d} sodium

11. The test that can differentiate between primary afcohol and tertiary alcohol is
(a) Tollen's test  (b) Baeyertest {(c) Sodium fusiontest (d) Lucas test

12. Which compound would be expected to show IR absorption at 2250 cm 9
{a) CH3CH,CH,CN (b} CHaCHCH,OH () CH3CH,CH,COzH
(d) CH3CHCH,C(O}NH,

13. The most basic amine.

{(a) CHaCHoNHy  (b) @ Q) _[/ \) {(d) (CHa)sN
N N
H

14, A carboxylic acid can be converted to an ester by reaction with
ia) diazomethane (b) diborane ({c) thionyi chloride
d) bromine and phosphorous tribromide

15. Cyclic amides are called
(a) lactones (b} lactams (c) aminals  {d) imines

16. Nucleophilic acyl substitution reactions usually occur
(a) with inversion of configuration (b} by an elimination-addition mechanism
(c} with retention of configuration  {d) by an addition-elimination mechanism

i7. The two compounds below are best described as

NH
11 1]
CH4COH and CH3CNH,

{a) diastereomers {b) enantiomers (c) tautomers (d) cis, trans isomers
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18. Penicillins contain .
(a) ap-lactamring (b) af-lactonering (c) a thioester group
(d) a cyclopentene ring

19. The reaction of LDA with acetone produces
{a) anencl (b) anylide (c)anenolateion (d) alkylation

20. The reaction which is usuaily catalyzed by acid
{a} Halogenation of ketone (b} Dieckman cyclization (¢} Michasi reaction
(d) Cannizzarc reaction

Il. Show how you would accomplish the following multi-step synthetic conversions.
(10%)

) : e
Ml
1 CH,Br CH,CH,CH
. -

CN
-0 — ©
_ Br
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i~ Read and then choose a correct item for the following questions. (33pts)

1.

2.

3.

6.

Which of the following descriptions is correct?

(1) The atomic number of Zn is 29.

(2) There are 7 valence electrons in N

(3) The atomic radius of I is smaller than that of F.

(4) The first fonization energy of He is greater than the second ionization energy of it.
(5) The ground state electron configuration of Li is [He]2s.

Which of the following descriptions is correct?

(1) The chemical bonding in N, molecule is the type of polar covalent bond.

(2) The lattice energy of NaCl may be viewed as the bonding energy of NaClL

(3) The bond order of He," is one.

(4) There is hydregen bonding between ethanol and benzene.

(5) Resonance increases the energy of the molecule above that of any single contributing
structure.

Which of the following molecules has the greatest bond angle?
() BeH, () CH, () NH, @4 OH; (5) BH.

Which of the following descriptions is correct?

(1) Cation radii decrease on going down a group.

(2) The radii of ions with the same charge increase across the Periodic Table.

(3) When an ion can occur in environments with different coordination numbers, its radius
increases as the coordination number increases.

(4) For a cation in a given coordmation number, its ionic radius increases with increasing
oxidation number. :

(5) When a compound with the radius ratio of cation to anion is 0.5, the coordination
number of this compound is two.

Which of the following descriptions is correct?

(1) The acidity of sulfuric acid in ethanol is greater than in H,O.
(2) Fe* g is more basic than Fe* .

(3) NH" is less acidic than NF," in ammonia.

(4) NasPQjis an acid in H,O.

(5) SiO, is more basic than Caz(POs),.

The name of {(NHz)sCrOCr(NH;)s]* is

(1) r-oxo-bis(pentaammine chromium{ 1))
(2) x-oxo-di(pentaamine chromium( I ))

(3) p-oxo-bis(pentaammine chromium( 1))
(4) p-oxo-di(pentaamine chromium( 11 ))

(5) hapto-oxo-bis(pentaamine chromium(Il))
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7. Which of the following descriptions is correct?
(1) Co® g is more labile than Ba* ).
(2) Hg* is a soft base in Hgl,.
(3) Diethylenetriamine is a didentate ligand.
(4) The position of NHj is higher than that of OH, in spectrochemlcal series.
(5) [MnQy]" is a square planar complex.

- 8. Which of the following descriptions is wrong?

(1) Mg is easier to be oxidized than Mn.

(2) E%Cu*/Cu)=+0.52V and E%(Cu*"/Cu")=+0.16V, thus Cu" is not stable in aqueous
solution.

(3) If a vertical line existed in a Pourbaix diagram, a K, or Ky, may be derived from it.

4 [Fe(OH2)5]3+(aq) is more resistant to reduction than [Fe(CN)5]3'(aq). _

(5) Both the oxidation potential and reduction potential of water lowered in more basic
solution.

9. Which of the following descriptions is wrong?
(1) The energy of "MLCT excited state in a molecule is always higher than that of
corresponding *MLCT excited state.
(2) The ground term for the configuration 3d® of Mn* is 6.

(3) Hund’s rule states that the electron repulsions are weaker in a complex than in a free ion.

(4) Ligand-field transitions in an octahedral complex are Laporte forbidden.
(5) The electronic absorption spectra of f-block complexes are usually very sharp.

10. Which of the following descriptions is wrong?

(1) Reduction of [CoCI(NHz)s]*" with Cr*,,, proceeds through the inner-sphere mechanism.
(ag)

(2) The trans effect of CN is greater than that of CH; in the compound (CH3)3SiCN.
(3) Substitution of [Pt(PRs)s]*" with 2CT" gives cis-[PtCl,(PRs)s].

(4) The rate of substitution by H,O on {Mn(OH,)¢]*" is faster than that on [r(NHs)]"".
(5) NHs is a nucleophile and Ag" is an electrophile.

11. Which one is the most probable compound?
() Rus(CO)s (2) Rs(CO)s  (3) Rus(COY - (4) Rus(CO)2  (5) Rus(CO)ys

IV » Characterize all the bonding theories you have learned as brief as possible, and then use the
proper theory to explain the color of KMnOj and that the acid strength of Ag" and Ca*" in
aqueous solution toward NH; and F is reversed. (17pts)
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