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1. (10%) Atter adding 0.01 M HCI to distilled water that is initially at pH 7, what is
the final pH?

2. (10%) 3 mol of an ideal gas 1s adiabatically expanded against a constant external

pressure of 1 bar. The initial temperature is 25°C. The initial and final pressure are

4 bar and 2 bar, respectively. Calculate the final temperature, ¢, w, AU and AH. (R
=8.314 I mol'K ™)

3. (15%) 3 mol of an 1deal gas, initially at 25°C and 1 bar, expand 3.5 fold in volume
under three different conditions as follows. Calculate ASgysiem, ASiorm and

ASsurroundings and 1ndicate if the process is spontaneous or not. (In 3.5 = 1.25)
a. Reversible and adiabatic.

b. Reversible and 1sothermal.

c. Isothermal expansion against zero external pressure, Pey =O0.

4. (5%) An enzyme decreases the activation energy of a reaction by 11.5 kJ/mol
(AG" = —11.5 kJ). (i) Does this change increase or decrease the reaction rate? (2%)
(11) Assuming the temperature is 27.7°C (300.7 K)(R=8.315 J/(mol K), RT~2500

J/mol), by how many orders of magnitude is the reaction rate changed due to the
presence of enzyme? (e*> = 10). (3%)
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5. (10%) A tennis game is being played in a quantum-mechanical world. A player first

hits the ball across the net. Her opponent runs the spot where the ball is expected to
bounce and prepare to make a strike. Assume the uncertainty of the velocity of the
ball is 50 nm s, that it weighs 1.05 x 10”*kg and that the racket has a diameter of 5

um. (1) Based on Heisenberg’s uncertainty principle, what is the uncertainty in the
position of the ball? (i) Can the opponent hit the ball? (A = 1.05 x 10'34)

6. (10%) (1) What is the Heisenberg uncertainty principle? (ii) Based on (1), explain
why a particle that is confined in a potential well always has a non-zero minimum

energy (zero-point energy).

7. (10%) Consider electrons in a hydrogen atom
(1) The quantum states of the electrons can be described by three quantum
numbers n, / and m;. What physical properties does each of the three
numbers correspond to? (6%)

(11) Assuming an electron is at the state n=2 and its wavefunction is described

3 r

by 4\/12’7: (;'1;)5 (’QE{:) 2a0(cosH)

_ 12 2
What are the values of / and m;? (@0 = h“€g/mme*) (4%)

8. (15%) We are studying protein X in solution, however we don’t know whether it’s

dimer, tetramer, hexamer or octamer. The diffusion coefficient D of monomeric

*s'. Under the same condition, the

2

protein X has been determined as 5 x 10”7 cm
diffusion coefficient D of protein X oligomer is 2.5 x 107" ecm®s™. If we assume that
the shapes of the two protein states both are spheres.

(1) Please estimate the oligomerization state (dimer, tetramer or hexamer ) of

protein X by looking at hydrodynamic radius r from Stokes-Finstein

equation:
- kT
6nr

where h 1s viscosity coefficient. (10%)
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(i) Please briefly describe another method to determine protein
oligomerization state. (5%)

9. (5%) Fluorescence resonance energy transfer (FRET) can be use to measure
distance between two chromophores of donor and acceptor (Rpa). The efficiency of
energy transfer depends on the distance Rpa, according to the equation: efficiency =
R06/ (Ro6 + RDA6). We individually link fluorescence donor and acceptor to protein N-
and C-terminal ends. If the corresponding value of Ry = 6 nm. Under a condition, we
found FRET efficiency = 0.5. Please estimate the apparent distance Rps between

donor and acceptor.

10. (10%) NADH and NAD" are important biological substances. They have equal
absorption coefficients of A = 1.8 x 10° M! ecm™, at 260 nm (as the isobestic point).
However, at 340 nm, NAD" does not absorb but NADH has an absorption coefficient
of 6.22 x 10° M cm™. A solution containing both substances has an absorbance of A
= (.15 at 340 nm and 0.8 at 260 nm. Please calculate the concentration of each

substance by using the Beer-Lambert law A = ¢ C L (A: absorbance, C: concentration,
L: pathlength).



