B EBARAT —REERLHB AL RRA

#8 HhEERN)-T A

£ 2 Rz |

73

SCER RN HNSRE L ARAEL I R I A -

n

Part I $ Part I % 5 B 4E %

Part I

1. One mole of an ideal gas (C, = 3R/2), initially at 1.0 atm and 300 K. undergoes a
reversible cycle containing four steps as shown in Fig. 1. 25%

P(atm)
Q-

(1) isothermal
(2) isobaric
(3) isochoric
(4) adiabatic

Fig. 1.
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Find AU, AS, and the '
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2. An electrochemica]l rof
pH inside the mitoch i

L

€517 ATP in mitochondria. The

d&é ,‘han outside and the inside

potential is — 0.2 V relatis L % ﬁmchoudria. [Pi] = [ADP] =

[ATP] =1 mM. T =37°C. % N 4 15%

(a) How much free energy 1 10 esize 1 mol of ATP inside the
mitochondria (via the reaction: ADP + P; — ATP)? Assume that all the activity
coefficients are 1. Is the process spontaneous?

(b) How much free energy is released by moving | mol of proton from the outside to
the inside? )

(c) If all the free energy from proton transport is used to synthesize ATP, how may
protons have to be transported to synthesize | molecule of ATP?

3. A system has the following energy levels (g;) and degeneracies (g;): 10%
eilk 0 150 K 300 K
g 1 2 3
exp (— &/kT) 1 0.606 0368 at300K

Where, k is the Boltzmann constant.
(a) Calculate the partition function of the system at 300 K.
(b) Calculate the fractional population of each energy level at 300 K.
(c) Calculate the entropy of the system at 300 K.
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Part II

1. This problem concerns the molecular orbitals of benzene
(a) Write down the orbital energy levels for the 7 orbitals and fill with electrons
(b) Write down the molecular orbital for the lowest and the highest orbitals
(c) Explain the stability of benzene (12%)

2. The observed rate law for the reaction 2 03> 305 s
Rate =k [03]%/ [03]. Propose a mechanism for the reaction. (1] %)

3 Mathematical problems:

(a) Two fair dice (‘ﬁ%ﬁ@ro@ W_g |%@babllny that at least one of
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(b) Five coins are‘;&“_ 2

exceeds lhe ?‘f;

}I._.Ei to infinity (12%)
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