Birla Institute of Technology & Science, Pilani (Raj)
CHEM F422 Statistical Thermodynamics
Mid-Semester Exam, I Semester, 2023-2024

(Open Book)
(Based on Lectures No 1-19 — (first 6 chapters of TB) as per the course handout)
Max. Marks: 35 14 Oct 2023 Duration: 90 min.

Instructions to the student:
1) There are three questions in total; answer all the questions.
2) Data: The following constant values may be used wherever required.

DATA: R=8.3145) mol K'; R= 0.0820575 L atm KX mol%; k = 1.38065 x 102 J K;
Avogadro’s Number = Na = 6.022142 x 102 mol™; h = 6.626069 x 103*J s;
e=1.60216 x 10*° C; m. =9.10938 x 10! kg; F = 96485.34 C mol?;
€=2.99792458 x 108 m s%; g5 = 8.854188 x 102 C>2Ntm2; g =9.807 m s%.

1. (I) The binomial coefficient,

- where N = N; + N,. Using Method of Lagrange
1:4V2-
Multipliers show that N; = N, = N /2, the coefficient exhibits the extremum. 4

(IT) The Poisson probability distribution function can describe the evolutionary process of amino

acid substitutions in proteins. The probability p,(t) that exactly s substitutions occur over an

e % (at)s
s!

Fibrinopeptides evolve rapidly, @ = 9 x 107° year'. Lysozyme is intermediate: @ = 1 x 107°

year ! and histone evolve slowly, @ = 0.01 X 10~° year'.

(a) What is the probability that a fibrinopeptide has no substitution at a given site in t=1 billion

years?

(b) What is the probability that lysozyme has three substitution in 100 million years?

(c) Show that the expected number of substitutions that will occur in time t is at.

(d) Determine the ratio of the expected number of substitutions in a fibrinopeptide to the expected

number of substitutions in histone protein. 1+1+4+2=8

evolutionary time t is pg(t) = where a is the rate of amino acid substitutions.

2. (a) For an ideal gas the number of states between energy E and E + AE (E > AE) is Q =

1 anaz 3N/2 (3N/2—1) 3 _ . _ _ 3
F(N+1)F(3N/2)( — ) E AE where a® =V. Using § = kInQ and E = 2 NkT, show
3/2 5/
that S = Nk In [(2’""”) ve ]
h? N
(b) Show that for grand canonical ensemble E(V,B,y) = — (a:;;) and N(V,B,y) =
vy
dInE - —BEn:(V) . —
—( > )Vﬁ where E(V,B,7) = Xy X, e FENIVe= 1N,
(c) Derive the connection formula for S (entropy) in terms of the grand canonical ensemble starting
from pV = kT In E and d(pV) = SdT + Ndu + pdV. 4+4+2=10

3. (a) Write down ot nucr for D2 (Nuclear Spin I=1).

(b) Show that at high temperatures the amount of ortho-D; to para-D; is equal to 2.

(c) Show that at low temperatures true equilibrium corresponds to almost pure ortho- D».

(d) Show that at the maximum of a plot of fraction of molecules in Jth rotational state, fj, versus
T

26rot

. 1/2 : .
], the values of | is given by Jnax = ( ) — ;, where 6., is the characteristic temperature of

rotation.
2+4+4+3=13




