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(6%) 1. (a} Draw the circuit stheme of a phetemultiplier including
a load resistor (Ry) to show output voltage from light signal. j
(h) When viewing scattered photons (2.2x1012 photons 8-1)

through a filter (fransmission 5%) and its guantum

efficlency is 20% and  its pain 108, (the output is fod across a
50 (1 load resistor), caleulate the sutput voltnge expected

from the scatfered photons.
{¢} Ifa 5 cm diameter photocathode is positioned 10 em from the
Eght source, calculate the solid abgle of the photocathode

VI1EeW. -

(6%) 2. 10 mTorr CHFy (at room temperature, T=298K) is photolyzed at
193 nm by Laser radiation (10 my in 2 1 om diameter beam and 1
cm path length), caleulate _
ta} the laser radiant flux density
() coneentration of CHF produced from photelysis:

GHEFE + hv = (HF + HF
(A=193nm)
{e) What would be the situation if a 1 J pulse at 193 nm was
used?

For the purpose of this caleulzation we shall assume that the
absorpiion coefficient of CHaFy at this wavelangth ig 3210-18em?2,
and that the quantum yield for CHF production is unity, and that
the Beer's Law approximately is

labe/ls = £vce]

(6%) 3. Define and elaborate the polarization of light as
(a) linear polarization
(b) eircular polarization
(e) elliptical polarization
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(7%) 4. For FT-IR Spectrozcopy

{a) how to determine the resolution (A7)

£ NBEE,

(b} how to determine the maximum range of frequeney (Vm)

(c)] What 15 the throughput advantape?
(d} What is the multiplex advaritage?

(9%) 5. A new method for the analygiy of copper was tested with a sample

known to contain 16.858% 'y

Sample

% Cu Found

vl IS VI

{a) Evaluate the mean and the median percentages of copper for

theze dats.

18.54
16.64
16.30
16.67
16.70

(b} Apply the @ test (90% confidence level, Qeorit =0.842) 1o the

cufiying rosult.

(¢} Which value - the mean or the median - do you prefer as the

"beat” value for this analysis? Define your answer in a

sentence or two,
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(6%) 6. A 1.219 g sample that contained (NH =80y, NH4NQsz, and inert
materials was diluted to 250.0 mL in a volumetric flagk. A 50.00
mis aliquot was heated with strong NaOH, and the liberated NH3
wag distilled into 30.00 mL of 0,08421 M HCI. 'The execess H(CI
required 10.17 mL of 0.08802 M NaOH, A 25.00 mL aliguot of the
sample was made basic after the addition of Devarda's alloy to
reduce the NQs~ to NHg. The NHj from both NHs+ and N0z~ was
then digtilled into 30.00 mL of the standard acid and back-titrated
with 14.16 mL of the standard base. Caleulate the percentages of
(NH432304 and NEH4NQO3 in the samgple.

(10%)7.  Briefly define or describe |

(a) Voltammograms.
(b} Counter- ion layer
(¢}  Auloprotolyzis

(dy Faraday

{e} Volhard method
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(4%} 8. Give the definition of the Gibbs energy ___ 81 and enﬁ‘mpy
&b and the criteria for spontaneous change in terms of
the entropy Faln and Gibbs chergy ad

(4%) 9. Derive expression of AG for the isothermal gipansion at
temperature T from V) to Vo of 1 mole of an ideal gas fa _ or
a van der Waals gas i
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{6%} 10. The standard reducnﬂn potential at 25°C far Cett and F33+ aAre
Ested as follows

et 174V

Cet* + e
FEE‘* + 8 == FEE+ 077V
Using Cett, Ce3+ and Fed+, Fe?* as an example,

tay draw the variation of potential as an-oxidizing agent is addod
to a solution of redusing agent (the titration curve)

10a 7
ey 10h ]
1oe |
Fa1od ],.th
-::ﬂncentrat_iun

(k) give the potential for the equivalent point ____10s
(c] write down the reaction for the above cass 10f




®m Y OB B OAX B & & %

. .
Atnegr  UERHE ¢ Fies SR S

NE MELTASMT iy 0003 R 7 EE S W GETRS [ERE) fhs

{6%) 11. (hive the expression for (a) the vibratonal partition funtion for a
diatomic molecale (of T, v (vibrational frequency ) lig. (h)

the translational partition funciion for a monatemic molecule {of

T, V, m (molecular weight}) 11k ahd (£} estimate the
molar heat capacity of constant volume (Cy) for an ideal pas

consisted of mmatemnc molessles in terms of cal deg~1 moi-1
i

(4%) 12. Compare the number of nearest neghborg for each lattice point in
the simple cubac 12a - and face-centered cubic

125 LASES,

(2%} 13, The rate constant of & himolecular reaction (A + B — P} can be
derived from simple collision theory as kj; = ze—%KT, pleaze give
the ferm of z in terms of T, my and ra (meolecular weipht and
rading of A), mp and rg {molecular weight and redius of B)

(2%) 14, Plot the Langmuir adsorption isotherm (8 va. I ,
where 6 18 the fraction of gites occupied by A for a reactiocn A + 8 =
As and P is the pressure of gas molecules.

(2%) 15. The probability of finding the particle in & region between x=L/2
and x=3L/4 for particle-in-a-box system in the state with the
— .. (the probability between 0 and

guantum number n=oe ig
Lis 1.0} |

(2% 16. The term symbol for the N atem in the ground state is
(hint: a term symbol pives three pieces of information)
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(2%) 17 T_ha point grouy for the twisted, 90° allene, HaC=C=CHy is

(2%) 18. The ionization energy of the H atom in the ground state is 13.6 e‘k’
therefore its 3d— 2p transition energy is

(2%} 19. The vibrational frequency for the diatomic melecule 3Ha ig 4400
em—1. That for the isctopic species TH2H is em 1

(2%) 20. The rotational constant (Be) for 1Hyg is about 60 con—l. That far the
isotopic species 1H3H is

(2%} 21. Two of the 5p? hybrid orbitals are given as hy =?‘% B+ 4 j% Py and

'h3=?1§—3 +;r];_£px—,\/gpy.%efﬂrmfnrthethird pne i8 hy =

(2%) 22. Write down explicitly the two-slectron wavefunction including
both the spin part and the spatisl part for the 15 state of the He
atom with the confipuration 1512sl
(hint; express it in terms of e(1), wl(2), K1), fl2), 1s(1), 15(2}, 21},
2a(2)) .
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(8%} 23. A triatomie melecule X3 undergnes the following set of reaction:

Xq k, Xg+ X -——— {1}

k
X+Xp — Xy ----vo (2}
X+ X, -—E‘:-- E}{g. e (3}

The reaction () is the rate-determing stelpi Therefore the rate of
decomposition for X3 can be expressed as K{X3n[Xs]™ , The value

for kis 200 (in terms of Iy, ky, k), n is 2
and mis__ 23

(3%} 24. The reaction rate for the radical reaction *CHg + CH3CON — CH4
+ *CHsCN is dramatically reduced — by a factor 28,000 — when
CILCN is used in place of CH3CN, Give your explangtien

_ (hint: there is mass effect on potential energy surface with two or
g more independent contribution).
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