MCB100A/Chem 130 Fall 2011.Midterm 2. Key.

UC Berkeley, Chem C130/MCB 100A, Fall 2011, Mid-term Exam 2. Your Name m .

Q1. (20 points)

Q1A. (12 points) A system at equilibrium has four occupied energy levels, as shown W W 2/
Ll | on 2eq0

in the diagram below, which also shows the probabilities of finding molecules in three
of the four levels. You must show how you work out the answers.

ps=1
p3 =0.220

p>=0.243

pi =0328
(Q1A.i) (2 points) What is the prol ablllty of flndlng a molecule in the 4t level?
é s and @ 0528)
_ o ~(p2wt? a
Z =
4’ — 020

nae [ becamae
(Q1A.ii) (3 points) The energy of the 2 level is 0.75 kJ°mol'. What is the M m

e
temperature? )‘02 -Q Z Vp\l 7 ) 7} _ 0 ‘}/{T % 0.7 = - Z§ —— PM ’VW9Z¢

P ! =-yg3 =9 7S/ %p
(Q1A.iii) (3 points) What is the value of the partition function, Q, of the system?
Ve A s ol 4 W{% 0 510)
Nl sk ; - = &= £
D Ao @ = 3.041

0 523 5 o /fr-[
(Q1A.iv) (2 points) What are the units of the partition function? 1_: 9 .( W @ ad

%W WM)
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(Q1A.v) (2 points) Consider two systems, A and B. The partition function of A is
greater than that of B. Which system has higher heat capacity? Explain your answer. % Z

Jhe L mf@élfwi’f%%%wﬂ/

" W hws e bt |

Q1B (8 points) The diagram below shows the 10" row of Pascal’s triangle. The 11t
row of the triangle is indicated,7but values are not given.
o 3 =

",

(Q1B.i) (4 points) Based on Pascal’s triangle, how many ways can you get 6 heads

in a series of 10 coin tosses? i /0

(Q1B.ii) (4 points) By filling in the appropriate values in the 11t row, calculate the
following ratio (assume that the coin is fair):

number of ways of getting 6 heads in 11 coin tosses :45 Z, —_ a? ' Z
number of ways of getting 6 heads in 10 coin tosses 2;—0_—— -
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Q2. (20 points)
Q2A. (10 points) Shown below is a positional microstate of a system, consisting of 2
kinds of molecules.

*le J73l4 288
[

(Q2A.i) (3 points) What is the value of the entropy of the system? Assume that the
value of ks is 1.0.

S = &5/&%’/\): 7’/%

Posmon

(Q2A.ii) (2 points) The two kinds of molecules can interconvert. Shown below are
microstates corresponding to two states of the system (State A and State B):

o % * % The, | IZW‘J. :%mezwm
* e ﬁ*. omplocules AL /ﬂmﬁ%

° ® MCWM

What is the probability of observing State A relative to the probability of observing /é%p%

State B? Assume that the stars and the circles have the same energy.
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(Q2A..iii) (5 points) Shown below are energy distributions for two systems, denoted

1 wle g RT 21 %W&EM% WW
.1 4RT 1019\ 3 o 4RT ||, A& B MMW
g' 2 RT | 20x102 2 g‘ w m

0 RT |3.022x102 0 RT (6044 x10% /) W | M A
A B foot Mf%‘g ?[w>

What is the total molar entropy (i.e., entropy per mole) of the combined system?
That is, calculate the value of

Sa+Sg and use units of Jsmol~'*K~" for the entropy, and show how you work out the
answer. Note that the value of the Gas constant, R, is 8.314 Jsmol~1eK.

. 302 - -2 =
FF“’L A) vf%“ %%%“ )@b Tz %3 6022

— Fr = <02 Fz =()23L %3;0'/% )

SieSie WS,P:: 16:020n8- 502+ 1332000352 + 0 b [ 46

Nke nNaks
tofmoks =034 +0.26b+ 0.90]
= (9982}
S‘?S‘}:QY\OL?QJ

= @l TK [Han cnvobr 0 10t mabs)
Qecﬁw%wmw%obrﬁkfmm (754&.« D i e pawme a4 jvﬁ,
%Pﬁ) M 5_3:@@
Npks Nz
#qrﬂok- ;{v}m&uiu
mB m A

Ao, #e elas, Lrlafrs 08 the Aowme. 41 WZ e
WM&L&MM Sa. 3 s ?
&@u«.:

gToTﬁL = gﬁ'f'.?.?g = SSA

S(fuwl)= 350 =5, g foT-ml K

raye o vl 1o
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Q2B. (10 points) A system with 9 atoms is initially constrained to a 3x3 grid square,
as shown below. The atoms are then released so that they are free to move over the
entire chamber, which consists of 1000 grid boxes.

1000 grid boxes total

l\

3x3 grid

(Q2B.i) (4 points) What is the change in entropy when the system moves from the
constrained state to the unconstrained state? Assume that the value of kB is 1.0

éﬁf 5 S - bW ’&9%2;/]

= /po0bn (570772 —;M —[F21n 9?/———?2%
- 5908 — |28 — cgly, =

o chunye w5l = 7
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(Q2B.ii) (4 points) Once the molecules are released, what is the likelihood of finding
the molecules distributed evenly throughout the chamber relative to the likelihood of
finding them all in the small region of 3x3 grid boxes? Express your answer as a

power of 1({)/.\)é W ‘/]/2’_
4‘? 2
f”“ g 5~ A5= 49.2 2

, ‘ff? _
b Mg - (fo o

W

(Q2B.iii) (2 points) What is the likelihood of finding the molecules distributed evenly
throughout the box relative to the likelihood of finding them in the specific positions
shown below within the same box?

. ] R i
S Wmﬁw

év'BM ML

L vf 0¥ (o bofosc)
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0

Q3. (20 points)

Q3A (8 points) Two moles of an ideal gas expand isothermally from an initial volume

of 5 liters to a final volume Va2, in a near-equilibrium (reversible) process. w& . %(
Node - 26 Is

(Q3A.i) (4 points) The change in entropy for the process is 26 Jsmol-1-K-1. What is ‘ E

thefmalvozz NN ; _2x €31 G ) = 26 x2 il £

(Q3A.ii) (4 points) The total amount of heat transferred from the surroundings to the
system is 5.2 kJ*mol~'. What is the temperature of the system?

AS = %\m o = ‘%.@ 5200 xL = 200K (af)ﬂ”z ’zéz)

Q3B (12 points) Two atoms interact with the following energy function:

Ur)=k(r—r)*+U, (r<4A)
U(r)=0 (r>4A)

According to this energy function, the bond between the two atoms breaks when the
distance between the atoms increases to 4 A. The energy function is graphed in the

diagram below.

energy

4A

interatomic distance

< ~- emol-!
A 15 kjemol
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(Q3B.i) (3 points) If U is expressed in units of kJsmol~' and distance in A, what are
the units of the parameter k?

[, hrwl A

(Q3B.ii) (3 points) What is the force required to stretch the bond to the breaking
point? Express the force in units of kJsmol~1sA-1.

Ta Viloo
@,m/r,aaﬁwfa%_ MHHUO o (U,=-15)

= —-60 é—-T‘ m® h )g(d
_——oquw, -03:—/§X‘1
b v 4h(rf\

(Q3B.iii) (3 points) If the breaking force is expressed in units of piconewtons (1 ~ 10 o-1
pN=10"12 N), circle the value of the force: 402 X-'DZ 3 T Mgze )< o A
= T.m = e
10,000 pN 1000p9 100 pN 10 pN 1 pN IN= |3 602 Y0 ;g j r
(2
Show how you work out the answer. _ 6 2 X 0 M
(Start by noting that 1 N =1 Jsm~"and 1 m = 1010 A) =00

81 kTl A = L Nm I7pN

@-o)xra"
A ta TMW - 17860 b = 30PN

(Q3B.iv) (3 points) At what temperature will the ratio of the number of molecules with
optimal bond lengths (3 A) and the number of molecules with bonds stretched to 4 A

be equalX } 0+5. f—liuw/ET‘ ()]6! .:—6'6‘1
2 _ D5 % 1’%@ o
R S AT S 2
2 1= A S
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[
Q4. (20 points)
Q4A (4 points) An ion with a double positive charge is located 2.5 A away from an ion
with a single negative charge. What will be the change in interaction energy if this ion
pair (with the same interaction distance) is moved from water to the interior of a protein,

where the value of the dielectric constant is 2.0? A é T ”w{ - Mo[
f%urgm (fﬁ Oéww 1)
Ty _ 3:12_1‘_'_ assi (77
AU: Uﬁw«@ - Um:LJ QZJX EL (5 £’WM

Q4B (6 points)
Q4B(i) (4 points) What is the difference between the a and B anomers of glucose?
Explain your answer by drawing the pertinent sub-structure of glucose

(ii) (2 points) Is the conversion of the a anomer to the B anomer an example of a
conformational change? Explain your answer.

No, in @WMW ‘%ﬂ”%
Wﬂa@b V‘“WM WM

i
g}k
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Q4C. (10 points) A biochemist separately synthesizes, using the procedures of organic
chemistry (i.e., in a test tube), the protein ribonuclease in two forms, one containing all
L-amino acids and one containing all D-amino acids. Recall that the L- and D-amino
acids are stereochemical isomers, i.e, they have identical chemical bonds, but distinct
handedness. The chemist wishes to devise a strategy so that if she mixes the two forms
for an experiment, she can easily separate the two forms afterwards.

(i) (3 points) Would ion exchange chromatography be a useful separation step in this —
case? Clearly explain your reasoning.

Jow cxchansy C chpraloyply 1L i ol
%Wmmm WWW[%%M@?M

(ii) (3 points) Likewise, would gel filtration chromatography be useful in this case?

Again, clearly explain your reasoning. ) ,
No, jp( /IT‘HVM"—W WM /W:MV-M WMW .

(iii)(4 points) Help the biochemist out by explaining a strategy that would work in this

S
T s e e e
opief o g ot @ Lol oLl

- 10 -



MCB100A/Chem 130 Fall 2011.Midterm 2. Key.

UC Berkeley, Chem C130/MCB 100A, Fall 2011, Mid-term Exam 2. Your Name

Q5. Multiple choice and True/False questions. Circle the correct option (or circle
either TRUE or FALSE).

+2 points for each correct answer, -1 point for each wrong answer.

(Note that this is different from the last exam!)

To get the maximum score you do not need to answer all the questions, so be careful
not to answer questions incorrectly. Unanswered questions do not change the score.
Maximum points: 20. Minimum points: 0.

(i) Phosphatidyl choline, the most common lipid in biglogical membranes, has two fatty
acid chains attached to a glycerol backbone H / FALSE

(i) Hre-keadgroup of the lipid phosphatidyl serine has a net negative charge.
@? / FALSE
(iii) Which of the following is the most abundant polymer on earth:

(a) glucose

b) hi nnose
(c) cellulose

(e) chitin

(iv) In a gel filtration column, larger proteins flow through more quickly than smaller
one/ FALSE

(v) The heat capacity of an ideal gas at constant pressure is a constant, and its value is
lower than the value of the heat capacity at constant volume. TRUE {FALS

(vi) Consider the following expression for the first first law of thermodynamics:

dg=dU —dw . For this condition to be true, which of the following conditions must
hold (circle the best option):

The sign associated with work done by the system is negative.
The sign associated with work done on the system is negative.
(d) The system is at equilibrium.

Qi The process occurs in a near-equilibrium (reversible) manner.

(vii) The change in enthalpy of a process is equal to the heat transferred when the
process occurs against a variable external pressure. TRUE /

(viii) Which of the following variables of the system is an intensive variable? Circle the
best answer:

(a) Energy

(b| Entropy
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(d) Momentum
(e) Volume

(ix) Fill in the blank:
The potential energy for the interaction between two atoms is the done

in moving one of the atoms atoms from an infinite distance away to the present
position.

(x) Consider a system that is coupled to a heat bath. A process occurs spontaneously
within the system. Which of the following statements describes the second law of
thermodynamics? (Circle the best answer).

(a) The entropy of the system must increase.

(b) The entropy of the system increases by an amount equal to the decrease in the
entropy of the surroundings.

). The entropy of the system must decrease.
he entropy of the system and the surroundings must increase.

(xi) Proteins have a low dielectric constant within them, compared to the dielectric

constant of water. The most important functional consequence of this is: (circle the
best answer)

(a) This property generates the hydrophobic effect.
(b) Charged residues are rarely found inside proteins.
(

c¢) This property leads to electrostatic focusing effects, which guide all substrates
. into active sites.

(d)\This property leads to electrostatic focusing effects, which guide charged
substrates into active sites.

(e) This property enhances the interaction between charged groups.

(xii) As the number of trials becomes very large, the binomial distribution is well
approximated by a (5-am 55 2n__ distribution (fill in the blank). /49"1 W}

(xiii) For a system with a large number of molecules at equilibrium, it is possible to

discover energy distributions that have higher entropy than the Boltzmann
distribution. TRUE /(FALSE

(xiv) Systems ave more ways of increasing their potential energy have higher heat
capacity. (TRUE)/ FALSE

(xv) In an isolated system at equilibrium, all energy microstates that satisfy energy
conservation are equally likel FALSE
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