Chem 130A Final Exam. May 17, 2003

Q1. (20 Points)
(A) Consider a reaction in which 1 mole of a reactant, R, is converted to 1

mole of a product, P:

R=>P
The initial concentration of R is 0.5 M. Assume that the reaction follows

first order kinetics. If the half-life of the reaction is 20 minutes, what is the

rate constant? (5 points)
| N N n 2.
foc %cs’s orcler (ROCK N Ay

(B) Consider another reaction in which reactant R’ is converted into product
P’
R-> P
In this case, when the initial concentration of R’ is 0.5 M, the half life of the

reaction is 20 minutes. When the initial concentration is increased to
1.3 M, the half life decreases to 7.69 minutes. What is the order of the

reaction? (5 points) Az of dor
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Chem 130A Final Exam. May 17, 2003

Q1, cont. (C) What is the rate constant of the reaction in B? (Show units).
(5 points)
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(D) What is a likely molecular explanation for the difference in the order of the

reactions in (A) and (B)? (5 points)
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Chem 130A Final Exam. May 17, 2003

Q2. (20 pomts)
Two molecules, A and B, can undergo chemical reactions with different

outcomes: E_ﬁg A
(|)A+B—)C+D(rate constant = k,) 0O 660 Sons!™ A.‘ ’
(i) A + B>E+ F (rate constant = ky) ?vg*asu'imr' Al

The activation energy for the first reaction is 60 kd/mole and that for the
second reaction is 75 kJ/mole. Both reactions obey Arrhenius kinetics, but the
pre-exponential terms in the Arrhenius equation are different for the two
reactions. Assume that the pre-exponential terms are temperature
independent.

(A)At 300K, the rate constant k, for the first reaction is twice that of the
second reaction (i.e., k, = 2k,). Calculate the temperature at which the rate
constants k, and k, will be equal (15 points).

..Ea

“k> He

| 6o, |@T (Eaz-€ [T
:;i‘/ A| e iﬁ ’
“f < A“z eféqzle\ Aa
Ay T=300K, d,» e
(Eoy~ Eat) |V

:' 1 = A\ L.
—_—

Ao \‘ ({.Dm' 35009 [ €. 31¢l K 3OV
- T
A= 2 e,@m T Ll

- o.oo“‘”’% (G DT
W = Ky o 17 2 &
IN k\ K2 .’l‘ A‘l..
LAY+ oo, 1= e L3 UOK
‘ @y [XIREN

Page 4 of 20



|

R 08
T Q8o pemts) ‘
i . -Csnszder an eiectrade at the wmch the following reaction rs

Chem 130A Final Exam. May 17, 2003

Q2. Cont. (B) For both reactions, the reactants are the same molecular
species. Discuss possible explanations for why the pre- exponential terms in

the two reactions could be different (5 points).
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Chem 130A Final Exam. May 17, 2003

Q3. cont. (B) What is the standard free energy change for the half reaction?
State units used.
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04 Cepf:er and zinc 4,undetgoﬂae following electrode reacﬁéns.:

Cu® +2¢" > Cu (E° = +0.342 V)
Zn* + 28 > Zn (E°=-0.762 V)

(A) Write down the coupled reaction, showing the direction of sntaneoas' ‘
change, under standard conclmons {5 points).
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Chem 130A Final Exam. May 17, 2003

Q. 4. cont. (B) An electrochemical cell is constructed as follows: one electrode
consists of a piece of zinc metal immersed in a solution containing Zn® ions
at a concentration of 3.0 M. The other electrode consists of a piece of copper
metal immersed in a solution containing 0.01 M Cu® ions. What will the EMF
at 300K of this cell be when the elecirodes are connected? (8 points)
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Chem 130A Final Exam. May 17,2003

{C) Write down the coupled chemical reaction, showing the sponiansous
direction in which the reaction proceeds when the electrodes described in (B) are
connected. This reaction is very strongly driven in this direction. How low would
the initial concentration of Cu®* have to be for the reaction to run in the reverse
direction? The zinc concentration is 3.0 M and the temperature is 300K.
Estimate the initlal Cu® concentration within an order of magnitude (i.€., withina
factor of 10), using the fact that:

in 10" = -n In 10 = -2.3 x n {otherwise your calculator may have troub!e with the
very small numbers). .

(7 points)
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Chem 130A Final Exam. May 17, 2003

Q5. (25 Points)
A drug works by inhibiting a target protein found in blood. The dissociation
~ gonstant, K, for the drug-target interaction is 107 M. Unwanted side-effects
occur if the drug binds srgmfscantly (>10% occupancy) to another protein, for
which the dissociation constant is K=10" M.
(A) What is the minimal concentration of the drug in the blood such thét side-
effects are avoided? (13 points)
(B) What is the fractional occupancy of the drug bound to the desired target at
this concentration? (12 points) '
Assume that the concentrateons of the prote:ns are very low compared to drug
concentrations.
The fractxonat occupancy, Y ofa receptor is refated to the figand concentration
by: :
=1+ Kdl{l.]
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Chem 130A Final Exam. May 17, 2003

Q6. (20 points)

Consider 3 chemical reactions for which the standard enthalpy change (AH°) and

the standard entropy change (ASD) are temperature mdependent. Calculate the
_standard enthalpy changes for the two cases below, given the foﬂowmg

information. When the temperature is increased from 300K to 320K,

{A) for reaction 1, the value of the equihbrium oonstant” Kogr mcreases by 5!%

(7 points)

(B) for reaction 2, the value of K‘m decreases by 80% (7 potnts}
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 Chem180AFinal Exam. May 17,2008

(C) Rationalize the sign of AH° that you obtained for the two cases above in
terms of the Boltzmann probability distribution. (6 points)
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Q7. (25 points) :

There are devices, such as components of mass spectrometers, that are able to
accelerate molecules to precisely defined velocities. Suppose such a device
injects Xenon atoms at a speed of 6.0 X 10* cmisec into a thermally isolated
chamber of volume 1 cm®. After the injection is complete the molecules come to
equilibrium by colliding with each other. '

(A) Assume that the xenon atoms do not interact with each other, and that there
is no heat exchange with the container. What is the final temperature of the
system? (15 points)
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Chem 130A Final Exam. May 17, 2003
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(B) Suppose that the device injects water molecules instead of Xenon atoms into
the chamber. Would it be reasonable to calculate the temperature in the way that
you did for part (A)? If not, give at least one property of water molecules that
would make such a calculation unreliable, and state whether the calculated
temperature would be lower or higher than the actual temperature as a
consequence of this effect. (10 points)
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Q10 (25 points)

This question concerns calculating entropy changes using simple lattice models.
Consider a container with 2 chambers, separated by an impermeable barrier.
There are 10’ grid points on each side of the barrier. Consider 2 states of the
system:

State 1: There are 500 molecules of type X on the left, and none on the right.
There are 500 molecules of type Y on the right, and none on the left. -

State 2: There are 300 molecules of type X on the left and 200 on the right.
There are 500 molecules of type Y on the right, and none on the left.

(A) What is the change in entropy on going from State 1 to State 27 Is this in the
direction of spontaneous change? (15 points)

The entropy of the system is given by S =k, In W, where W is the multiplicity of
the system.
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(B) Describe briefly 'how this problem relates to the phenomenon of osmotic
pressure in solutions. (10 points)
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