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Analytical Chemistry (25%)

1. (a) Inaparticular trace analysis via FTIR, a set of 16 interferograms were
collected. The signal-to-noise ratio (S/N) associated with a particular spectral
peak was approximately 5:1. How many interferograms would have to be
collected and averaged if the goal is to obtain a S/N =20/1? (5%)

(b) Why do double-focusing mass spectrometers give narrower peaks and
higher resolution than single-focusing instruments? (5 %)

(c) How do the spectra for electron-impact, field ionization and chemical
ionization sources differ from one another? (5 %)

2. Abottle of concentrated aqueous sulfuric acid, labeled 98.0 wt % H,SQOy,, has a
concentration of 18.0 M.

(a) How many milliliters of reagent should be diluted to 1.000L to give 1.00 M
H2SO4? (5 %)
(b) Calculate the density of 98.0 wt % H,SO4 (5%).
3. Inorganic Chemistry (25%)
(1). Which one of the following molecules is paramagnetic? (2%)
@0, (b)Na; (c)N, (d)H,
(2). Which one of the following ligands will generate the largest ligand field of the
“d” orbital ? (2%)
@ ClI~ (b)H,O (c)NH; (d) CN™
(3). Which ion is the hardest to ionize? (2%)
(a) CI” (b) AP (c) S* (d) Na*
(4). Which has highest melting point? (2%)
(@) NaF (b)MgF; (c) SiF,4 (d) SFe
(5). Choose the strongest Lewis acid. (2%)
(a) BFs (b) B(CHs)s (c) BHs (d) Bls
(6). Red rubies are alumina doped with what impurity? (3%)
(a) V** (b) Ti** (c) Cr** (d) Fe*'
(7). The metal with the strongest bonding preference for 0%~ ?(3%)
(a) AI** (b) Hg** (c) Cs* (d) Cu*

(8). Which form of carbon has the weakest carbon-carbon bonds ? (3%)
(a) graphite (b) diamond (c) Ceo (d) ethylene (CH,CH>)

(9). Predict the structure of [Co(H,0)s]** ? (3%)

(a) Tetrahedral (b) Square planar (c) Trigonal bipyramidal (d) Octahedral

(10). Which of the following diatomic species do you expect to have the longest bond
length? (3%)

@ NO* (b)) O, (c)CO (d)O;
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Organic Chemistry (25%)

4.

Give the major product of each of the following reactions. Explain your answers.

(16%)

(@) CH,=CHCOCH3 + HCI ——>

(b) CHsCHO + OH- ———>

(¢) (CH3),CHCH,CH,OH + HI ——>

(d) + Br, FeBry

Fill in suitable reagents to carry out the following transformations. (9%)

(a) : .Br : .

(b) & é

© 12
O — Q.

COCH

Physical Chemistry (25%)

6.

Explain the following terminologies : (10 %)

(a) Aufbau principles

(b) Pauli exclusion principle

(c) Spin-orbital coupling

(d) Hund's maximum multiplicity rule

(e) Heisenberg’s uncertainty principle

Explain :

(a) how the perfect gas equation of state arises by combination of Boyle’s law,
Charles’s law, and Avogadro’s principle (10%)

(b) what are the meanings of a and b in the corresponding van der Waals
equation of state (p + a) (v—b) =nRT ? (5%)

(5N
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