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- (607 ) Part 1. Only one answer is correct for each following question. 3 points
will be given for a cotrect answer, 3 points will be deducted for an

incorrect arswey and ne peint for no answaer.

( )1 What is the quantum mechanical operator for the kinetic energy? (1)

hoa
im 2 —IH— 3) —i[R*/m F: |} PR
-{f} (2) {)(I}qu{} 5
pl
{ ]12. What are the energy levels for a rigid diatomic rotor? {1)(J +1/ E}ﬁ—
h ht i

(2) HJ+1/ 2} (3] J’(J+l}— (42 (. + L) J+2]— (f is the moment of
inertia)

) 3. If {m|Cln E.[ w’ Qu dt, what is the most general definition of

hermiticity? (1) {mlQla)={mQlmy (2} {mlQ} = {|Qlm) (3} {miCn) = {mltYa}" (4)
{mign} = -{n|m)

( ) 4. Is the operator id/ dx Hermitian? (1) yes (2} no.

( }5 What is the usual length for & hydrogen bond? (1} 1.0 A L2204 {3)
20 A (4)35 A

( ) & What are the energy levels for a harmonic oscillator? (1} rio (2) niiw
(3) (n+1) e (4) (n+1/ 2)he

( ) 7. How many normal modes of vibration for HzO? (133 (24 {(3) 5 {4 &

{ ) 8. What is the degeneracy of a rotational level F for a spherical lop
molecules {1} 2741 (2} 22+ 07 (3) 22027+ (4) 27+ 12T -1




iy =B E X B 55 # K

HE

AteeEg E9RFE 5 P eelemes s

—_—

Yo 72 Mg 1804 5 5 mm 1w amEEE (ERR] AEE

( }9. The pK, value of HyO is arcund 15, What is the sign of the
corresponding free energy AG'? (1) AG" >0 (2) AG® <0 (3} AG" = 0.

£ ) 10. Which of the following relationships between temperature T and
the velocity v is true? (1) {vye T {2) (" }oc T {3} (¥} oc T

{ ) 11. The rate constant in Transition State Theory is written as
Aexp(—AG" F kT, where AG" is the activation free energy, k. the
Boltzmann constant and T temperature - what iz the value of the
frequency factor 4 at 300°K? (1) 6x108 51 (2) 6x104 51 (3) 61010 g-1 (4)

Hx1H2 5-1

( 1 12. For the molecule CO, which of the formulae deseribes the charge
distribution properly? (1) C-80-9 (2) C+30-8.

() 13. What is quantum mechanical operator for position ¢ if the operator
for the momentum p is taken to be multiplication by p? (1) iAd{ dp) (2)
~iftd | dpy (D) iﬁ[dr’dpl {4) —%{d!dp}

{ 114 When liquid water is vaporized at 100°C and 1 atm, which of the
following quantities is zero. (1) AE {Ej Al (3) AG (4) Ad

{ ) 15. For an irreversible cycle, §d—j'? ig always (1) =0 (2) =0 (3] <0,

{ ) 16. For an ideal gas, which of the following is not true? (1) PV = nRT (2)
(H | VY 2 0 (3) (9C, AV =10,

{ ]17. What is the point group for CaHg (in the eclipsed conformation)?
{1) Bag (2) Dan (3) Dag (4} Doy,
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{ 118 What is the point group for anthracens @c@ 7 {1) Cooy {2) Capy
(3} Cov (4} Do,

[ }19 What is the force between the particles in an ideal gas? (1) none (2)

orly attraction {3) only repulsion {4) both attraction and repulsion.

( }20. What is the value of RT at room temperatire? ( R is the gas
constant and 7 the temperature) {1) 0.2 cal/mol (2) 0.6 keal /mol (3) 2.4
ikcal /mol {(4) 4.8 keal/mol.

Part 2. (40%) Answer the following questions and show your calculation.
R = 8.314x107 erg deg! mol-l = 1.987 cal deg-l met-1 = 8314 | K-1mol -1
h=6626x10-34]s

{10} 1. What will be the free energy of forming 1 mol of Hx(r at 1000°K if
(a) 10 atm of Gz and 10 atm of Iz are reacted to give 0.01 atr of H20;
(b} 0.01 atm of O3 and 0.01 atmn of Hy ate reacted to give 10 atm of Ha(?
Is the reaction favored relative to standard conditions in each case?
For part (b}, H7O{g)} could be introduced with the reactants to give a

high enough product partial pressure.




M U % T OOX B & H i

Nogeg EOHE 5 P amtewms s
pE_ HEET w1000 3 5 mm ! = aaEns (SEE) AnE

(20) 2. The staichiotnetric equation {or a reaction is
A+B-—>C+D

The initial rate of formation of C is measured with the following

results:
mitiaf concentration of A imitial concentraticm of B injitial rate
(MY (M} sty
1 1 10-2
2 1 10
1 . 10-3

fa) What s the order of the reaction with respect to A?
(b} What is the order of the reaction with respect to B?

{c} Use your conclusions in part {a} and (b} to write a differential

equation for the appearance of .
(d} What is the rate constant k for the reaction? Do not omit the units of k.

{e) Give a possible mechanism for the reaction and discuss in words, or
give equations t show, how the mechanism iy consistent with the

experiment.
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(10} 3. Use the figure to decide what color flame would one expect ta see if
a pﬂtassiuﬁ'ﬁ compound such as potassium chloride is heated in a
Bunsen burner flame, given that potassium containing materials emit

light of frequency 7.41 x 10 14 sec-1,
Wavelength {A) 4000 000 Ep00 7000
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¥-Violet B-Blue: G-Green Y-Yellow O-Orange R-Red




