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1. The acid/base indicator HIn undergoes the following reaction in dilute
aqueous solution:

Hn < H + In
color | color 2

The following absorbance data were obtained for a 5.00 x [0™ M solution
of HInin 0.1 M NaOH and 0.1 M HCI. Measurements were made at a
wavelength of 485 nm and 625 nm with 1.00-cm cells.

0.1 M NaOH A435 =0.052 A(,zs =(.823
0.1 M HCi A435 =().454 A625 =0,170

. In the NaOH solution essentially all indicator is present as In; in the acidic

solution, it is essentially all in the form of Hln.

(a) Calculate molar absorptivities for In” and HIn at 485 and 625 nm.

(b)Calculate the acid dissociation constant for the indicator if a pH 5.00
buffer containing a small amount of the indicator exhibits an
absorbance of 0.472 at 485 nm and 0.351 at 625 nm.

(c) What is the pH of a solution containing a small amount of the indicator

that exhibits an absorbance of 0.530 at 485 nm and 0.216 at 625 nm?

(20%)

2, The fact that atoms and molecules absorb light is the basis for many
different spectroscopic techniques in chemical analysis. List and discuss
briefly ten different ways through which absorption can be detecled. In
each case indicate what signal is measured and how the signal is related to
atomic or molecular concentration. (30%)
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1.Define the following terms. (you can illustrate the term by giving example) (15 pts)
(a) Carbene (b} Acyclic compound  (c} Hydride reagent
(d) Antiaromatic compound  (e) Diastereomers

2. What are the structures of A-E below? (10 pls)

PhCO4H Br,

D A B
H,0
CygH160 CioHig 2 CyoH708Br
170, HaS0,
. eat
H, 0 2)(CHJ),S 4
CHO
E & c
CioH1g02 CyoH15Br

CH,

3. Devise methods for accomplishing the following transformations. (15 pts)
OH
(a) O—OH —_—

(o) TN

OCHj

— CH

(€)  PhCH,CHO

PhCHO

4. Propose a reasonable mechanism for each of the following reactions. (10 pis)

O = (X
(a) — Br
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Inorganic Chemistry

(1){25 points) Determination the IR- and Raman-active representations fer the five
in-plane vibrations of the trans-N,F; molecule,

.

Can l E G i O
Ag 1 P 1 1 Rz 2,7
xy
B, 1 -1 1 -1 Rx, Ry Xz, yz
Au 1 I -1 -1 z
B, 1 -1 -1 1 Xy
(2) (25 points) Give the product and propose a mechanism for the following
transformation:
1) BuLj, -78 °C, THF
Fe —si(CH,), > 1
o\ 2) CH,l
Co

Spectral data for 1:
"H NMR (5, CS2): 4.67-4.90 (m, 4H); 0.31 (s, 9H); 0.18 (s, 3
IR (cm", in CHCI,): 1991, 1937
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1. (25%)For 1s orbital, Ry g = 2(Z/a,) e ™, Please find the redial
distribution function of 1s orbita!, P(r). Calculate the most probable
radius at which an electron will be found when it occupies a 1s orbital of
a hydrogenic atom He'. Note : ag=52.9 pm.

/2

2. {25%)The NO group in N,N-dimethylnitrosamine, (Cl1;),N-NO,
rotates and, as a result, the magnetic environments of the two CH; groups
are interchanged. In a 600MHz NMR spectrometer the two CH;
resonances are separated by 390 Hz. At what rate of interconversion will
the resonance collapse to a single line?






