PHYSICAL CHEMISTRY - GRADUATE LEVEL PLACEMENT
DATA THAT MAY BE USEFUL FOR SOME QUESTIONS

Speed of light = 2.9979x108 m sec™! = 2.9979x10'0 cm sec”!

Universal Gas Constant = 8.3143 J K™! mo1™! = 1.9872 cal k™! mo1”!
= 82,056 cm® atm K mo1”!

Faraday Constant = 96,487 coulomb equw'1

Avogadro Number = 6.0222x1023 molecules (gram-mo]e)_1

Boltzmann Constant = 1.3806x]0"23d K1 = 1.3806x10716 erg k1

Planck's Constant = 6.626x107>% J sec = 6.626x10°%/ erg_sec

PART I - THERMODYNAMICS 5. P
“Fxternal
1.” The internal energy, E, of a system is a
function of mass, volume, and temperature.
The differential of E for a constant mass is , g
—_— C
2
(1) dE = dV + dT
(2) dE = vdp - SdT
(3) dE = (3E/3V)ydV + (3E/3T),dT Pl p— a b
| l
» v
(4) dE = E(dV/dT) + E(3T/aV) vl VZ ¥ “system
2, According to the Laws of Thermodynamics, )
differentials of the following are exact: The following statements refer to changes
between the thermodynamic states a,b,c,d of
(1) work and enthalpy. a system occurring by the paths shown on, the
Pext'vext diagram. Which statement is true?

(2) energy and work.

{3) entropy and heat. (1) For the process asb+c+d+a the work

(4) energy and entropy. done by the system is zero.
_ (2) For the process a+brcrd+a the entropy
3. An "exact differential,"” df, as the term change of the system is greater than zero.
is ordinarily used in Thermodynamics,
satisfies the condipion (3) For the process a+*b>c the work done by

(1) ¢df =0 the system is Py (V,-Vy).

(4) For the process a»*d the work done by

(2) AIB df = f. - f the system is V,(P,-Py).

, aM _ AN _ 6. At temperature sufficiently high for full
(3) gx = 3y “here df = M(x,y)dx + N(x,y)dy contribution from vibrational motion, the

molar heat‘capaciyy at‘constant pressure,
By Ero SHS TRe AREEERET BEtNEER: Bio Cp, of an ideal diatomic molecule is

fixed points is dependent on the path, )

9
& 7 R (3) % R
4. When 0.5 mole of an ideal gas at 0°C is 3
compressed isothermally from 1.00 atm to 2.00 atm (2) 7 R (4) % R
(1) aG =0 56
7. Th ; oy
(2) no heat is absorbed by the gas. e eq”?t1?"(§ﬁ) X,m V is correct when the
(3) the work done on the gas is +787 joules. system is in internal equilibrium and X =
(4) BE =0 M 1T @ s ) un (4 v
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13. A phase diagram for two-component liquid

, system made from 1iquids A and B is sh b ‘
}.  The osmotic pressure of a solution is s 9 an 1 SR DELiN

60
(1) the pressure of solvent vapor above a.
solution, 50 |-
(2) the pressure that must be applied to 40 +
the solution to increase the activity
of the solvent in solution to equal £ 30
that of the pure solvent, 0
C 20
(3) the pressure that must be applied to the l l
pure solvent to increase its activity to 10 | 1 1
equal that of the solvent in the solution. 0 20 40 60 80 100
(4) idncreased by increasing the mole fraction %A

of solvent in the solution. 1L A S eran TG GP T, ANE 200T

£ ¢ S miE) T will possess a phase which is rich in
). The entropy of a system (degeneracy ) A but has a smaller A content as the
(1) kT 1n @ (3) k In @ temperature rises,
(2) -k In @ (4) k/1In @ (2) A system consisting of 80% A at 100C
will form a single phase.
0. A system of Nt molecules that is in thermal (3) A system consisting of 40% A at 60°C
equilibrium has N, molecules in a nondegenerate will form two phases.
ground state of zero energy. Let (4) Statements (1), (2), and (3) are all correct.
- .
Q=te /KT .
; 14, Consider the reaction:
where the summation over i includes all In0(s) + H = 7nls) +
allowed states of a molecule, The number Na ) 2(g) hisd HEO(g)
of molecules in the nodegenerate state of AHC Al
energy €, is given by f, 298 f, 298
- -€ 2] =
1) ne K (3) (1/Q)e /KT. Zn0(s)  -348 kJ mole | 318 K mole :
_ H,0 -242 kdJ N - N
€a/kT 2 (g) mole 228 kJ mole

“€a/kT N /Q)e

(2) (N./Q)e (4) (N,/Q) From these data, estimate the temperature

at which the equilibrium constant for this
11. The partition function for a two-state system, reaction is approximately unity.

state 0 and state 1, € = 0, € > 0, neither

1 700 K

state degenerate, is (1) (3) 1900 K
2) 1300 K

(1) 0 at absolute zero. (2) (4) 2500 K

-E: * .
/KT s 15.  Two phases are said to be in mutual

(2) e_e at low temperatiires. equilibrium (i.e., they can coexist

(3) e L7435 at high temperatures. indefinitely) when

(4) 2 at very high temperatures. (1) they are at their critical temperature.

(2) the mole fraction of each component,
the temperature, and the pressure are
each the same in the two phases.

12. For HCl the energy of the first excited
vibrational state, relative to the ground

state, s 5.73 x 107200, At equilibrium

at 25°C. the number of molecules in the
first excited vibrational state relative to
the number in the ground state is

(3) the temperature, the pressure and the
chemical potential of each component
are the same in the two phases.

(4) no molecules are being transferred

23 (3) 6.6 x 10'2 from one phase to another.

(1) 2.3 x 107

(2) 8.9 x 1077 (4) 7.2 x 1072
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16,

17,

18.

20,

The following thermochemical data are for 25°C.

v @

H,0(1)  -286 kJ mole”! 75,3 joule mole™! K
H+(aq} 0 0

OH™(aq)  -230 kJ mole™! 148 joule mole~! k!

For the self-ionization of water,

Hy0(1) ¥ H'(aq) + OH"(aq)

the value of aH® at 35°C is

(1) 58.1 kJ mole™! €3) 55.9 KkJ mole™]

(2) 56.6 kJ mole”! (4) 53.8 kJ mole”!

The "liquid junction potential" which arises

in electrochemical cells having separate

anode and cathode solutions is due to

(1) polarization of electrodes.

(2) temperature fluctuations in the cell.

(3) measurement of the potential at zero current,

(4) the difference in mobility of anions and
cations,

Suppose S = —pﬂnp1 - pzlnp2 with P tp, = [
Which statement follows?

(1) S vanishes for Py = Py

(2) S vanishes for Py = -P,

(3) dS/dp2 vanishes for Py = Py

(4) None of the above,

The heat of vaporization of water at 100°C is

40.6 kJ mole™!  If one mole of liquid water
is reversibly vaporized at 100°C and 1 atm,
which of the following statements is incorrect?

(1) q=140.6 kJ (3) 46 = 3,1 KJ

1l

1

(2) AE = 37,5 KJ (4) 45 =109 J K~

A certain gas has a heat capacity at constant
pressure of Cp = 3.5 R cal mo1”! k! at 298 K

and does not absorb any radiation in the infrared
or microwave regions. The most likely identity
of the gas is

(1) Ar (2) co

(3) N, (4) H,0

2
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PART II -

21,

22,

23,

24,

25,

26,

QUANTUM CHEMISTRY

If A is wavelength of light, v is the
frequency of light, c is the speed of 1ight

h is Planck's constant and vV = 1/X, the
energy of the photon is given by

(1) ha (2) hev (3) h/v  (4) %

In the hydrogen atom the energy (wavenumber

of the transition 3s + 2s is 15,240 cm” ).
The energy (wavenumber) of the transition
2s » 1s is close to

(1) 82,300 cm™) (3)
1

22,860 cm”!

(2) 30,480 cm” (4) 7,620 cm”!

The ionization energy of the H-atom is 13.6
The ionization energy of the Li** don is

(1) 122.4 ey (3)
(2) 40.8 ev (4)

1.5 eV
4.5 eV

Supposewhlandqﬁ‘are normalized eigenfunctio

of a particular hermitian operator and the
subscripts m and n refer to non-degenerate
eigenstates, The integral over all space,

fwmwndt, is equal to

(1) zero ifm=n (3) one ifm# n

(2) zero if m#n (4) the total energy

the system.

Which function is not an eigenfuction of th

a2
operator — ?
X

. 2
(]) elkx (3) e-kx
(2) cos kx (4) sin kx

Quantum states described by the wavefunctior
Yar ¥y and V. are all associated with an ene

level E1. This

(1) violates the condition that proper
wavefunctions must be unique.

(2) is an example of three-fold degeneracy.

(3) can only occur when the Hamiltonian
operator contains cross terms.

(4) is an example of a complete set of
wavefunctions.

Go on to the next page.



27.

28,

29,

30,

31,

Which of the following y-functions is
definitely NOT antisymmetric in its two
arguments?

(1) 'P(x] nxz) = tb(xz.X]}
(2) (X)1%y) = 90X () -9 (L, )N(X))

810X 0,(X,)

(3) w(X;,Xy))
01 (%) 9,(X5)

(4) v(1, 1) =1

2 -3i

The determinant has the value
61 7

(1) -4 (3) 23

(2) (14 + 181) (4) 32

A one dimensional box of length L is formed

by having infinite potential barriers at

the walls and zero potential within the box.
For a particle of mass m placed in this box,
quantum mechanics predicts that the separation
between successive allowed energy levels will
increase with

(1) increasing L.
(2) decreasing m,

)
(3) decreasing principal quantum number,
(4) none of the above,

The electric dipole moment of the diatomic
molecule NMNT5 is very nearly

(1) 13 Debye. (3) 0.13 Debye.
(2) 1.3 Debye. (4) 0 Debye,

The orbital designations s, p, d, f, etc.

to describe an electron in the hydrogen

atom are most closely related to

(1) the spin angular momentum of the electron.
(2) the kinetic energy of the electron.

(3) the angular momentum of the electron
about the nucleus,

(4) the component of theelectron angular

momentum in the direction of an
applied field,
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32.

33,

34,

35:

36,

37.

The electronic configuration of an excitec
state of the C* ion is

(1) (9)229)%(2p)2  (3) (15)2(25)2(3s)

(2) (1s)%(2s)'(2p)  (8) (15)%(25)%(2p)

The period for one vibration of the N,
molecule is approximately

(1) 101 second (3) 107" second

(2) 107'2 second (4) 10”9 second

The fundamental vibration frequency of the
A-B molecule, expressed in wavenumbers, is

Nen !, The difference in energy between
the third vibrational state and the lowest
vibrational state is

=

7h 5
(1) 7= (3) 3ren

(4) N

—
(a%]
—
] [pS]
~2
(2]
—4

Pure rotational absorption spectra can be
(1) observed for any diatomic molecule.

(2) observed usually in the ultraviolet
region of the spectrum.

(3) used to calculate precise values for
interatomic distances,

(4) used to calculate precise values for
the force constants of chemical bonds

A so-called "mw orbital" in a diatomic
molecule is characterized by

(1) a nodal plane between the nuclei and
perpendicular to the bond axis.

(2) two nodal planes parallel to the bond
axis, one above and one below it,

(3) an absence of nodes, except possibly
in the radial coordinate.

(4) a nodal plane containing the bond axis

A Tow-resolution infra-red spectrum of
H35C1 shows a band centered at 2886 cm” .

If H35C1 is replaced by D35C1 the center o
of the band will be observed at

(1) 2069 cm”!
1

(3) 4026 cm”]

(2) 2886 cm” (4) 2550 cm”!

Go on to the next page.



38, Which of the statements below is true 42, According to the Maxwellian distribution
concerning a diatomic molecule with a of molecular speed, u, i.e.
ground state molecular orbital
configuration of 2
mu_
2 7 2kT
(0.15)2(c*15)2(0 25) P(u)du = Au‘e du
9 u 9
. where A is a constant, the mo
(1) The molecule is necessarily speed is e most probable
heteronuclear,
. 3kT kT
(2) The molecule has a total electronic ) /5 (3) /%r
spin quantum number $ = 1.
. 2kT 3
(3) The molecule has a total electronic (2) == (4) 5 KT
orbital angular momentum quantum
umber A = 1,
n 43. The average speed of a collection of gas
) molecules with a Maxwellian distribution
(4) The molecule has what is usually called R B A T
a single bond between the atoms.
39, For most organic molecules an electronic

transition from the ground state to the (] ;g?u?o1ut1on of the equation,
first excited singlet state is an allowed TR 0
process, but a transition to the lowest

triplet state is forbidden. Which - mu’
statement is true? s
2 A uwe Tl
(1) This is an example of the operation 0
of a selection rule based on the 2
conservation of spin angular o _ou”
momentum. (3) A f ule KTqy
(2) This implies that fluorescence will 0
be an intrinsically slow process, - muz
(3) This implies that phosphorescence 4) A [ e 2Ty,
o]

will be an intrinsically fast process.
(4) None of the above.

40. Sodium crystallizes in a body-centered cubic 4. I; a and n are constants, the derivative
lattice in which the edge of a unit cube is b. In ax") is equal to

X-ray diffraction indicates that the distance

between adjacent 110 planes in the lattice is (1) nax”'] (3) Hna

X

(1) b (2) ¥Z b (3) Z b (4) '% b (2) —— n

¢ 2) n-1 (4) X
____________________________________________ (nax )

45. The rate law for the reaction A » B is
41, At 100 K, the average speed of a helium

atom is 7.27 x 10% m sec™!. At 400 K, BT
the average speed of a helium atom is t
2 -1 After 10 minutes [A] = (1/2) [A]o, where [A]
(1) 7,27 x 10° m sec
is the initial concentration of A. After

(2) 14.54 x 10° m sec”! 20 minutes [A] is

= 1) (1/4) [A]
(3) 29.08 x 102 m sec L (1) 0

- (2) (1/8)[A]
(4) 52.9 x 10% m sec L ) 0

(3) (1/3)1A],

(4) indeterminable.
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46. The three transport processes, diffusion, 50. For the reaction
viscosity, and thermal conductivity are

- +
driven respectively, by gradients in P MNO4 * 3 H2 +2H +2 MnO2 + 4 H20
(1) concentration, momentum, and temperature. tHasn data hald: 4]
. . 2
(2) concentration, density, and temperature. Exp. No. [Mn04'] [H,] [H+] '(L"Hf_)init
(3) temperature, concentration, and density, 1 0.005 0.0005 0.00] Ro
(4) momentum, density, and temperature.
2 0.001 0.0005 0.001 0.2 RD
47, Consider the overall chemical reaction
2Mn0,” + 5 C.0.~ + ]5H+ N 2Mn++ + 10C0, + 8H.0 3 0,001 0.0015 0.001 0.6 Ro
4 274 2 2
Which of the following statements concerning 3 fR0a G:9005 .01 Ro

the reaction rate is necessarily true?
Which rate law is consistent with these data?

++
d[Mn -2 .
(1) _Lag._l = k[MnO4 ]~ where k is a constant. d[HZ] -2 3. 4.2
] e E/RT WHlinage SO DL FU
(2) T where A is a constant, d[H,] )
i (2) - —gg— = K[Mn0, ] [H,]
d[C,0, ] ++
(3) - —g& - 34l ) d[H +
t i ; 2l = kM0, ) (M) (')
d[Mn0,"] d[co,] ’
W o e~ 7 S diHol os B o
(4)——‘3?--‘ = k{Hn04 ] [H2]
48. A first-order reaction &1 A?cording to the Maxwellian distribution
) ) of speeds of a collection of molecules,
(1) is always unimolecular, the fraction of molecules with speeds
(2) has a half-life that is dependent on between u and u + du is
concentration. 2
mu

(3) has the rate law dc/dt = -kc, where c
represents concentration and k is
greater than zero and is independent of c,

P(u)du = Auze ?ETau

where A is a constant, The Maxwellian

distributs i ]
(4) does not actually occur in nature. istribution of kinetic energies,
p(E)dE, is
. : Ay 2,2 072 -k
49. The initial rate of the gas reaction (1) (?J[E) E / e / TdE

N205 + NO + 3N02

(2) A(Z)eet/kTqe
is independent of the partial pressure of
NO. This observation indicates that

(3) AEZe~E/KTye
(1) the NO molecule is involved in the

rate-determining step. 3/2

Ay, 2 2_-E/kT

(2) the NO is involved in an equilibrium (4) (?J(m) 20 L2
prior to the rate-determining step,

(3) the NO reacts subsequently with a 52. Doubling the chain length, or molecular weight
species produced in the rate-determining of a Tinear random-coil polymer has the effect
step. of increasing both its root-mean-square end-to

end distance and its radius of gyration by a

(4) the experimenter must have made a factor of
mistake in his measurement because
the rate must depend upon the pressure (1) 1 (2) 1.4 (3) 2.0 (4) 4.0
of NO.
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3.

54,

55.

A mechanism for the recombination of gaseous
bromine atoms in the presence of carbon
dioxide is

2Br Br
Br2 > 2Br
*
Br2 * 002 -+ Br; + C02

2

*
When the excited bromine molecules, Brz.

are at a steady-state concentration, the
rate law for Br2 formation is predicted to be

(1) ky(Br1®(CO,)

ik
(2) l%zi [8r1%(C0,]

k1k3[Br]2[COZ]
A

kike
(4) T;_[CUZ]

A ring opening reaction such as
20 '

0
[::] + CH2=CH—CH2C-H

(1) should increase in rate with the
application of pressure,

(2) should be scarcely dependent on reaction
temperature.

(3) should be markedly accelerated by
substituting ]80 for 160.

(4) should have a large positive entropy
of activation,

An assumption by which the highly useful
“Transition-State Theory" of chemical
reactions is usually derived is that

(1) equilibrium exists between reactants
and products,

(2) equilibrium exists between reactants
and an activated complex,

(3) the atoms in the reactant molecules
move at constant velocity and in
straight lines.

1) all reactions have negligible
activation energy,
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56.

57.

58.

59.

60.

In a certain gaseous reaction at 22?°C the
fraction of collisions that result in reaction

is 4 x 10710, The activation energy, of the
reaction, (in joules/mole) is close to

(1) 9 x 10t (3) 5 x 103

(2) 8 x 108 (4) -5 x 103

Diffusion generally plays a rate-determining
role in

(1) slow reactions in liquid solution.
(2) fast reactions in liquid solution.

(3) gas-phase reactions with high activation
energies,

(4) unimolecular reactions in the gas phase.

For a second-order rate constant, the Arrhenius
equation,

k = ae E/RT

may be interpreted in terms of Absolute
Reaction Rate Theory. For such a case a
small experimental value for the frequency
factor A indicates that

(1) the activation energy is unusually large.
(2) the entropy of activation is highly positive.
(3) the entropy of activation is zero.

(4) the entropy of activation is highly
negative.

The diffusion coefficient of a particular

t-RNA molecule in solution is D = 10']1 mzisec.
What is the time required for such molecules
produced at one point in the nucleus of a cell
to diffuse to a root-mean-square displacement

of 1078 m, corresponding to the diameter of
the whole cell?

(1) 0.002 sec (3) 1 sec

(2) 0.05 sec (4) 10 sec

A series of rate experiments on a model
reaction A -+ B + C were carried out with
three different initial concentrations of A.
It was found that the time required for 50%
of A to react was inversely proportional to
the initial concentration. A reasonable
conclusion is that the reaction is

(1) zero order in A (3) second order in A

(2) first order in A (4) third order in A

END OF TEST.
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