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FINAL EXAMINATION 2006

TITLE OF PAPER: PHYSICAL CHEMISTRY

COURSE NUMBER: C302

TIME: THREE (3) HOURS

INSTRUCTIONS:

There are six questions. Each question is worth 25 marks. Answer any
four questions.

A data sheet and a periodic table are attached

Non-programmable electronic calculators may be used.

DO NOT OPEN THIS PAPER UNTIL PERMISSION TO DO SO HAS BEEN
~ GRANTED BY THE CHIEF INVIGILATOR.



Question 1(25marks)

a.

. . x dx dx
[Useful integrals: jsm’axdx=5—74;sm2ax, I—;:]nx, sz_—]

A particle is moving in one dimension between x = a and x = b. The potential
is such that the particle cannot be outside these limits and that the

wavefunction in between is y= ¥y .
x

(i) Find the normalization constant N. (4]
(i) Calculate the average value of x. ’ (4]

. Show whether the following functions are eigenfunctions of the operator‘—‘;—?

Give the eigenvalue where appropriate.
@ ™ @) sinke (i) k (iv) e™

(k is a constant) | (8]

c. For a particle in a one dimensional box of length L, y = \/% sin%, n=1,

2,... Calculate the probability of finding the particle in the region between

L dé-Ii forn=1,2, and 3. [9]
4 4
1 . 1

X

Question 2 (25 marks)

a.

The hydrogen atom wavefunctions depend on the quantum riumbers nl, m.
Briefly discuss each of these quantum numbers indicating their possible values

and their physical significance. [6]
Consider the hydrogenic atom C**:

() Compute its ionization energy in eV. [5]
(i) Compute the wavelength of the first lines in the Lyman and Balmer
series for this ion. [4]
Determine the term symbols for (i) ls’2pvl (i) 2p"3p ! {6]

State whether the following transitions are allowed or forbidden in the
emission spectrum of helium. In each case give a reason for your answer.

(i) 4°p, — 2%S, (i) 4'Dy — 2!S, (4]



Question 3 (25 marks)

a.

Consider the following species: NC1, NCI*, and NCT".

@) Draw the molecular orbital energy diagram for NCL [2]
(ii)  Write the valence electron configuration of the three species. [3]
(iii) Determine the bond order for each species. [3]
(iv) Determine whether the species is paramagnetic or not; indicate the
number of unpaired electrons in each case. [3]

Give a brief description of each of the following terms:
@) Vibronic transition (ii)) Franck-Condon principle [6]

Why is the intensity of d-d transitions in octahedral complexes much weaker
than those in tetrahedral complexes? [4]

Why is the fluorescence spectrum displaced to lower frequencies when
compared to the corresponding absorption spectrum? Explain with an
appropriate diagram. [4]

Question 4 (25 marks)

a.

How did the study of heat capacities of metals consolidate Planck’s hypothesis
that energy is quantized? (8]

@) Write down the expression for the energy of a one dimensional
harmonic oscillator, defining all the terms. 4]

(i)  Assuming that the vibrations of a *N, molecule are equivalent to those
of a harmonic oscillator with force constant k = 2293.8 Nm™, what is
the zero point energy of vibration of this molecule. (The mass of a *N

atom is 14.0041 u). [4]
(iii) Calculate the wavelength of a photon needed to excite a transition
between neighbouring levels in a nitrogen molecule. [31

The rotation of an "H'”’I molecule can be pictured as the orbital motion of an
H atom a distance 160 pm from a stationary I atom. Assume the molecule
rotates only in a plane.

@) Calculate the energy needed to excite the molecule into rotation.  [4]
(ii) What is the minimum non-zero angular momentum of the molecule?

(2]



Question 5 (25 marks)

a

The spacing between two adjacent lines in the rotational spectrum of carbon
monoxide is 1.15 x 10! s\, Calculate

) The moment of inertia of the CO molecule and 51
(iil)  The internuclear distance 31
The atomic masses of C and O are 12.0000 u and 15.9949 u, respectively

The rotational constant for H*Cl is observed to be 10.5909 cm™’. What are the
values of the rotational constant for H>’C1 and *D**C1? The atomic masses are
H: 1.0078 u, D: 2.0140 u, **Cl: 34.9688 u and *’Cl: 36.9651. (8]

The fundamental and first overtone of N0 are centered at 1876.06 cm™ and
3724.20 cm, respectively. Evaluate

) The equilibrium vibration frequency and the anharmonicity constant.

(4]
(ii))  The exact zero point energy. 2]
(iii) The force constant of the molecule. 3]

The atomic masses of '*N and '°0 are 14.0031 u and 15.9949 u, respectively.

Question 6 (25 marks)

a.

In an experiment, the position of an electron can be measured with an
accuracy of £0.005 nm.

) What will be the accuracy in measuring the momentum of the
electron? (31
(i) What will be the accuracy in measuring the speed of the electron? [3]

Indicate which of the following functions are “acceptable” as wavefunctions.
If one is not give a reason.

@ y=x (@y=x" (i) y = sinx (ivyy=¢*
WMy=e™ a>0 ) y=e™ a<. [6]

n n 2
Find the commutator of the operators A=x‘—jx— andB=x22dx—2-. (71

A photon powered spacecraft of mass 10.0 kg emits radiation of wavelength 225
nm with a power of 1.50 kW entirely in the backward direction. To what speed
will it have been accelerated after 10.0 years if released into free space? [6]



General data and fundamental constants

Quantity ‘ Symbol
Speed of light c
Elementary charge e
Faraday constant F=N,e
Boltzmann constant k
Gas constant R=N,k
Planck constant h
h=h22n

Avogadro constant Na
Atomic mass unit u
Mass

electron m,

proton m,

neutron m, .
Vacuum permittivity g, = 1/c?y,
_ ' 47e,
Vacuum permeability Ko
Magneton \

Bohr py =eh/2m, -

nuclear By = eN/2m,

g value ge
Bohr radius a, = 4ne h/m e
Fine-structure constant a=pek2h
Rydberg constant ' R.. = m,"/8h’cs ?
Standard acceleration _
of free fall g
Gravitational constant =~ G
Conversion factors
lcal = 4.184 joules (J) 1erg
leV = 1.6022X 1077 1 eV/molecule

Prefixes f P n mn m -
femto pico. nano micro milli
0% 10 10° 10° 10°

Value

2.997 92458 X 108 m s
1.602 177X 10" C

9.6485 X 10* C mol”
1.38066 X 102 JK!

8.314 51 JK! mol”

8.205 78 X 10? dm’ atm K™! mol™
6.2364 X 10 L Torr K! mol?
6.626 08 X 10*7Js

1.054 57X 10**J s

6.022 14 X 10® mol"

1.660 54 X 107 Kg

9.109 39 X 10" Kg
1.67262 X 107 Kg
1.674 93 X 107 Kg
8.85419X 10 J' C?m"
1.11265 X 10" ' C?m™
4nX107Js2C?*m™
4nX 10T ' m?

9.274 02X 101 T
5.05079X 1071 T
2.002 32

529177X 10" m
7.297 35 X 10?
1.097 37X 10" m™

9.806 65 m s
6.672 59 X 10" Nm*Kg?

L 1X 1077
= 96 485 kT mol*

c d k M G
centi deci kilo mega giga
102 10" 10° 10° 10°



afi1-fivy 1528u0] 3y} y11m adojost ay fo Laquinu ssput ayy sagotput ()

€01 701 101 001 66 86 L6 96 6 6 £6 6 16 06
g | ON | PIN | Wy | sq o] g | W)y | wmy | ng dN n LZ | 4L
(092) | (650 | (8sD) | (s | (Ts) | (1s?) | (WD) | ¥?) | (€v0) | (bpD) | SO'LET | €O'BET | PO'IET | ¥O'TET SILIAG IPIUNIIY 4
L 0L 69 89 L9 99 9 ¥9 £9 29 19 09 6 8¢
ny | qx | wl | I OH | 40 | 9L | PO | ng | wg | wd | PN R ¥ D SILIG IpluByUET,
LEYLY | YO'ELT | €6'89T | 9TLOT | €6'+91 | 0STOT | €6'8ST | STLST | 96°IST | 9€°0sT | (S¥T) | $THb1 | 16041 | TI'OFI
o011 601 801 LOT 901 o1 $01 68 88 L8
unp ouf oupn supn ::D BH J 94** 40 B e | L
(L9) | (997) | (¢97) | (z90) | (£90) | (@9D) | (19D) | (LTo) | €0'9zr | €T
98 S8 ¥8 €8 78 18 08 6L 8L LL 9L SL vL €L w LS 9¢ S¢S
L} | v od 1q ad IL - SH ny d o | SO A M BL JH L8 eq 5D 9
(zzo) | (01D | (607) | 86'80T | T'LOT | 8€¥0OT | 6500T | L6'96T | 80°S6T | TTT6T | TO61 | 17981 | SS'E8T | S6°081 | 6¥'SLT | 16'8ET | €€LET | 16°TET
S €S [ Is 0 6t 8 LY 9t S v £ w ¥ ot 6€ 8¢ LE
axX I oL qs ug L | PO 8y Pd Up. | ny oL oAl qN 1Z A IS qa §
6T TET | 0691 | 09°LTT | SLITT | TL'SIT | T8PIT | THTIT | L8LOT | T¥'90T | 16°TOT | LO'TOT | L06'86 | #6°S6 .| 906°T6 | +TT16 | 906'88 | 79'L8 | 89t's8
9¢ 33 3 €€ (43 1€ 0¢ 67 87 LT 9 T T €T (44 1T 0T 61
") | 1q oS sV 3D ®DH uz nH IN oD CL | UJAI 1D A IL 29 8D h. | 14
08'¢8 | Y06'6L | 96'8L | TT6HL | 19°TL | €TL'69 | 6£S9 | 9PS €9 | 69'8S | €£6'8S | LY8'SS | 8€6'VS | 966'1S | TH6°0S | 88'LY | 9S6°'¥Y | 8LOOY | 860°6€
81 L1 91 ST v1 €1 ! 1
Iy D S d 1S [\ SINAIWATA NOLLISNVH.L SN BN €
8¥6°6E | €SP'SE | 90°T€ | $L6°0E | 980'8T | T86°9T SOE¥T | 066'TT
o1 6 8 L 9 S MI "ON STy 4 €
N | 4 o N 0 q 4 [oqu4g q | 1T [4
081°07 | 866'8T | 666'ST | LOO'T | 110°CT | 118 0T g SSeW OMUOIY 7106 | 1¥6'9
(4 I
M H 1
£00'y 8001
VIIA | VIIA | VIA VA VAL [ v g1l a1 dIIIA A | dIA gA gAl g1l VIl VI | saonrad
81 L1 91 Sl b1 €1 4 11 ol | 6 | 8 L 9 S 4 3 4 I
SdNo¥d

SINAWATH 40 A'14V.L DIAOIHAd




