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(%) 1. A two dimensional harmonie oscillator has the potential energy

(6%

{8%)

(3%)

(3%)

function

Vixy) = E{ﬂ + ¥2)

(a} Write the time-indaependent Schridinger equation far it.
(b} Find the energy eipenvalues and the degeneracies for the
third lowest energy level,

. Ezplain the following termng and give an example for each one.

(a} Selection rule of vibrational spectra
(b} Fine-structure coupling
(e LS coupling

. Considering a benzene molecule,

(a} How many electrons doea its have?
(b} What is ita symmetry?
(¢} Using localized valence bond for bendings and delocalize
" MO for » bendings, place sl the electrons in proper orbitals.
You do not have to label the symmetry of each orbital.

. The standard enthalpy of formation of N20Qy(g) is +9.2 kJmal-1,

the equilibrium constant of the synthesis of N2(O4ig) from Naig)
and Os(g} i K1 at 273K, what is the equilibrium constant
expressed in term of Kj at 400°C?

. The partition function is the fundamental concept of statistical

thermadynatnics.

() What is the definition of vibrational partition function?
(by What is the electroniec partition function of Hs at room

temperature?
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6. The gaa obeye the equation of atate

(P + 2283V = nRT
vE

(2% . {a} Find the reversible ﬁpaﬂun work for a mole of gas under
isothermal eondition from Vq t¢ Va.

(3%) {b} Find {j%}r, in which E denotes the internal energy.

(4%) {¢)' Derive an expression for AG for the process in (a).

(2%) 7. Determine the numbker of degrees of freedom for the ayatem of ice
: in a splution of water and aleohol.

(4%) 8. Show that if a solute follows Henry's law in the form of Pe=k'zg,
then the solvent must follow Raoult's law. Ps and xz are vapor
pressure and mele fraction of solute, respectively. .

9. We congider a reversible elementary reaction

ky
AST—™B

k-—l

where kj ia the forward rate constant and k.1 is the reverse rate

constant.
(1%) (a) Write down the differential rate equation for this reaction.
(A% (b Assume that the initial concentrotions of A and B are A,

and zero, respectively, golve the concentration of A as a
function of time. :

{1%) (¢} Under (b) conditions, what ia the half-life time constant io
reach equilibriuym of the reaction. (Time required for [Al-
[A] to drop to half of its initial value.)
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(4%}

(8%

{H%)

(5%}

10,

11.

12.

13.

For an enyzme reactivn given below

Ky ks,

A+ B o= AR —m—=»= A+ (C
k4

where A is the enzyme, B is the aubstrate, AB is the enzyme-
substrate complex, and C is the product. Draw a Lineweaver-
Burk plot of /v va. [BI! for this reaction; v denotes the reaction
rate. Indicate the value of slope and intercept of the plot. Apply

the steady-state approximation to the concentration of complex
AB.

Define and elaborate on the following terms:
(a) Internal standard

() Stendard addition

(¢) SN ratic -

(d) Detoction limit

(e} Sengitivity

Draw the ¢ircuit schemes of the eperational amplifier doing the
following functions for signal processing

(a) current to voltage converters

(b} wvoltage follower

(¢} differentiator

{d) high pass filtar

{e) inverting voltzge amplifier

{(a) Describe the four major parts of the apectrophotometer for a

single beam and a double heam design.
{b} What are the basic principles {or law) used in the
spectrophotometry for qualitative and guantitative analysis.
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(6%} 14. Describe the following instrumentation for the metallic element
analysig
(8] X-ray fluorescence (XRF)
(b) Graphite atomiger-Atomic Absorption
- (¢} ICP-Atomic Emission Spectroscopy
(d) ICP-Mags Spectrometry
(e} Ceold Vapar-Atemic Abserption Spectroscopy

(5%} 15. (a) Describe the basic principie of the two electrochemical
methods: polarography and anodic stripping voltammetry.
(b} What are the advantages of anodic atripping voltammetry
over polarography in terms of sensitivity and detection limit?

(6%) 16. The standard electrode potentiala for Pt} Fed+, Fe2+ and Pt Ced+,
Ced+ are 0.771 and 1.61V, respectively. Calculate -
(a) the potential at the half end peint
(by ihe potential at the end peint
{c) . tha potential at [Cett] = 2+[Fe2t]
in the titration of 0.0560 mol Fe?+ with Cett golution.
(Assume total volume of solution at end point is 1 dm3 and that
afl achivity coefficients are unit.)

(5%) 17. A coastal marine sediment was analyzed for its iron cantent.

Devent replicate measurements were made on a random sample

of the marine sediment, The results were ; 3.36, 3.20, 3.15, 3.12,

3.10, 8.09 and 3.06% of iron (wh/we}.

(a) Calculate the sample mean and the sammple standard
devation.

{b} Calculate the 90% confidence interval for the iren content of
the marine sediment. (Student ¢ values = 2.015, 1.943 and
1.895 for degree of freedom 5, 6, and 7 respectively),
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(e) Use G-test to point out the nﬁtlying value. (the rejection
quotient, Qgo=0.51 for sevent measurements)
(d) Calculate the 90% confidence interval after Q-teat

(%) 18. Calculate .
{a) The absorptivity if a gample in & 1 ¢ path cell with
concentration of 0.5x10+3 M shows an absorbance of 0.2685
absorbance units at 595 nm {Amax).

. ] {Cat)(s) .
= —1
(b) The partition coefficient, Kp CarYag) (weight M—1) after

passing 100 ml of 0.005 M Cs* solution through an jon-
exchange resin and the concentration of Ca+ in solution was
found {o be & ppm.

(5%) 19. What types of GC column would be your initial choice for the
analysis of
(4) chlorinated pesticides in a natural water gsample
{b) volatile sclvents in waste water
(n}_ oi]l contamination in water

(5%) 20. (a) Caleulate the relative 1sotope abundance of M+ with
molecular formula C13H405Clg (m/e = 28b, 287, 289, 201),
{b) The exact mass of CO is 27.9949 and that of CgH, is 28.0313.
What resolution is necessary to just separate CO* and CaH 4t
found in a mixture of carbon monoxide and ethylene?

Compare this requirement with that necessary to agparate
CapHyo+ and C19H350+, both neminally at m/fe =280,




