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BE.011/2.993)

Spring 2003
FINAL EXAM

May 19, 2003
You have 3 hours for this exam.

CLOSED BOOK
4 pages of notes allowed

1. {60 points)
2. (20 points)
3. (10 points)
4. (40 points)
5. (65 points)
6. (30 points)
total (225 points)

Some constants you may need:
k=138x10"JK"
R=8314 JK" mol
h=6.626x10™J s

1 atomic mass unit (amu) = 1.66 x 1077 kg
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1.) (60 points total} The protein below has four binding sites (c, B, v, 8) for the ligand L (look
familiar?). Assume that the association and dissociation constants are equal,

It has energies associated with each macrostate L, where L is the # of ligands:
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‘:’F&"'#Eé

1a.) (10 points) Plot an energy level diagram, including all microstates. Label values on the y
axis in terms of the energy unit .
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1b.) (10 points) Write down an expression for the partition function q. Calculate its value at a
temperature where kKT = 3g.
— 4ty 28T | oM

— 32 LT Hd St w0

~&kr
i iw e = | & T
% =2 -

E ¥r: ae
1:1

b_,. (,ahz'lg'-r Qe ~ 4 |

-El2

4
g =€+ de _
006948+ 106 + 30% + ZEk t1 = |B06S =

e

1¢.) (5 points) What is the highest macrostate that is populated at this temperature kT = 37 How
many of the microstates in this macrostate are populated?
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1d.) (10 points) Calculate p for L = 0,1,2,3,4 at a temperature where kT = 3. What is Zypy?
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1e.) (10 points) Calculate <E> at a temperature where kT = 3¢ (you can leave it in terms of ).

Y= 7 & p = 88 (Baxic?) + 42(0.3% v 2¢(0322) +£ (0:355) +D
]
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1£) (5 points) What is the entropy, S, at a temperature where kT = 37

S= -.'RE F}_-QMPL
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1g.) (5 points) What is the value of g as T-x? Huw € ~€e =)
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1h.) (5 points) What is § as T—wx?

Sk S pnpe - AL o(R s R an(E) < & ()¢ EME LY
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2.)(20 points total) Heat capacity of a molecule
You have the molecule glucose, which has 66 degrees of vibrational freedom. Plot its heat

capacity as a function of temperature, making sure to denote on the plot

values for heat capacity (in units of R) on the y axis
where the rotational and vibrational temperatures, 8, and 8.5, are on the x-axis.
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3.) (10 points total) Ribonuclease A 15 a protein that has 124 amino acids.

3a.) (5 points) What is the probability that this sequence is unigue?

20 amine acldy

1

——

.2&‘:&'"“i

3b.} (5 points) Assume that residues 1-20 are conserved {exactly the same). How many different
homologies are possible for RNase A?

So nnh,! |24 =20 =10Y% can chahje_

104
20 vamathsng pos eible .
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4.) (40 points total) Equilibrium between two states. The reaction
A—B
has the equilibrium constant K. The energy levels for A and B are shown below:

M
E
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A has a fixed energy level spacing of 2eg, with a ground state energy of 0. B has a fixed energy
spacing of gy with a ground state energy of 2ep.

4a.) (10 points) Calculate K for the reaction, assuming kT=2g,.

- = 2r =5 =
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K = 1“_ = 0.36%92 = .*:},'.5452
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4b.) (10 points) What is K as T—s=e?

As T—o0, all milovestates eﬁlun'-la PoPdafng-.m
B2 B lpoth have S mubortades

K|

4¢.) (5 points) What side of the reaction is favored as T—0?
é cocr b ha e lowest t:n.uﬁn mcseibate |

4d.) (10 points) Now suppose the ground state energy of B was also 0 (i.e., A=0). Calculate K
using kT=2¢, gain.

i
K=qs = €4 - 0.382¢ _;, sugre = | 4L
W g LSFID -



4e.) (5 points) Let's pretend A——B is an isomenization reaction, Le., a molecule changing only
in shape such as Helix — Coil, and that the energy levels are vibrational. Which form of the
molecule has stiffer bonds (higher bond spring constant, k)?

formn A agE=hwv
ﬁEA.EEI}E.=¢E‘-
Sy s it kK whnte
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Oxctergion (s smallex .
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Continued on next page....


cc_ababba
Text Box
Continued on next page....
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5.) (65 points total) We're going to test the effects of CO gas on cells. Our experiment utilizes a
thin, two-dimensional gas of the diatomic molecule CO in a petri dish that has dimensions a x b.

5a.) (5 points) Write down an expression for the full partition function for the CO molecule in
terms of constants {include all degrees of freedom).

Zhw 2kt
S B f
Wt 1#27' IL-T

5b.) (10 points) Calculate a value for the Qs using T = 37C, a =b = 3cm. Use the mass values
of ma = 16 g/mol and me = 12 g/mol. Jlok

Mgl = zﬁa[mla H. 65107 kg [co

Qtvass = 2mET oL, o 2w (h LS lo™ kg)f"a*“ﬂpliJ‘k")(s*ﬁ‘} lo.03)"
e ( Cubzb- o7 S8 )

= 2.56-10"

5c.) (10 points) What is the U per molecule (U/N)?

U= 8= LT 4+ LLET+ LT 5L
z Z e v
brp— | T .
Fendns ek W
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5d.) (10 points) Now let's compare the rotational properties of CO with that of a DNA oligo.

=

Siis

Experimentally you find that the first four energy levels for the diatomic CO to be the following
energies:

o)

7.64% 10 ]
220 x 10 ]
4.58 % 102 )

Determine the bond length for the molecule.
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5¢.) (10 points) Calculate a value for ge, using T = 37°C. What is the rotational temperature for
Co?

G, = BOTHT = GEF(BCT 2kT | 24T o 2(13% 1073 4 ) (310 k< )
ah’ 2w/ o wg MY W - 167320 )
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5£.) (5 points) If we were make the same measurements in ¢) at a different temperature, what
would happen to the values of the energies observed?)

S .

5g.) (10 points) Now let’s look at the DNA molecule. The oligo is 12 nucleotides long, and each
strand has a molecular weight of 3832 g/mol. Calculate the energy levels of the first four
rotational states for the DNA oligo. Assume the length is 3.4 A per base pair. Also assume it is a
rigid rod with rotation around the center as shown in the figure, so that I = 1/12 ML?, where L is
the entire length of the molecule.
It M=3%32 3fmol =(.263 107 kg min

W= Fbb4 Jlm'l = .2327 - W3 15 (DA

L=34AXI2= Ho% A=H.o8 I m
=1 M= ~2% 25 T | ] =L -3
T=om "ll*:“" %3402 (r.ov10) =8 B268 107 g W or | aesyt 0™ ke

TntI g,=28'= I'.‘L‘l'ur'I'ﬂr';".'ll"-:r o 6190 107

gle W =(,.299, 162 ov 3. 1493 107
T

- 1=G’Er= 5-4'3-[@'41:_} v |, "”r“u
1 gy= 122 = H66 1672) g 3.98 407

5h.} (5 points) Calculate the rotational temperature, 8., for this rotating DNA oligo. How does
this compare to the 8, for CO?

1
gmlr.,m:i = H565 oK & 2.2%2-10°F K
k

Mach wallen thom By o
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6.) (30 points total) Solutions and Mixtures.

6a.) (10 points) Pure liquid hexane is suspended in a sealed container in the absence of gravity
(ok, slightly fictitious! This situation does model a real situation mentioned at the end). The
temperature is constant. The hexane does not touch any of the surfaces of the container and is
literally suspended in space. Think back to our discussion of surface tension and the free energy
associated with creating surfaces of condensed phases. At equilibrium, what geometry (i.e.,
shape) is the liquid hexane and why?

thﬁf':f.d.,l‘, b orda te '-"';mq'm'q?t -;wﬂm OuAL e L& tote| free ewmm Lﬂ'P :TﬁrrA)_Nnhﬁﬁ it e

posoible , depending @4 how the quld is acleleel | foe My pte  Iftle drops t be presents Thig
e:-r-.n't:j gration 1= A km&“‘““ﬂ' determmed state s e -:lw‘"brs. would 'RRSL Up o

encountering eadh othar, L.Li‘hmad‘du] r.:rr_m'h":lj oL [mj,_ 1-{:}’%;”[ drop.

6b.) (10 points) The hexane in part a is mixed with water and the mixture is suspended in the
sealed container in a gravity-free environment, just as in part & As you probably already
intuitively know, wa.,>>> was > Wap Where A refers to water and B to hexane, and w refers to
the bond energy (in fact, a negative number. We are following the convention of the text here to
indicate that the A-A bonds are stronger, i.e., a bigger negative number). Sketch the equilibrium
configuration of the system, presuming the liquids do not contact any of the container surfaces
and are literally suspended in space. Where is the water relative to the hexane, and what
geometry (shape) does the liquid have? You may assume that there are comparable volumes

of water and hexane present. ( f#, ranse of ancwiers was ateeptable 157 "5111':)

The wislecwles wf.l'l,i.t be wmbemixed. A-B, due > AA and BB intemehons beth

L&iﬂj S&V‘hnﬂqr +how A-B interachans The moleewles weould ﬂﬂi-.r be trkamis e

‘PBF “';( W WLt CF- 2%| @51511\} {JD |..-E.J Wag e -?!-_tw,&.n *UJE‘\) {Etc?;‘lﬁ m nd. e
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6¢.) (10 points) You were not told anything about the relative volume of liquid to the total
volume. If the container is sealed after introduction of the liquids, and held at constant
temperature, are there any restrictions on how much liquid is added initially so that liquid is
present when equilibrium is reached?

Nopor - H.;icui'a’-. qwhlw'n. cictates  Hiat come q:.{)‘.‘[,u l,;c?“{dﬁ wlt C.*Jﬂr:raf-:.
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Relation to real problems: Malcolm Steinberg, a developmental biologist at Princeton
University, proposed that some forces controlling development of multicelluar organisms are
analogous to those described in part b. He in fact showed that when two cell types that express
the same cell-cell adhesion receptor are mixed in suspension, they behave pretty much the same
as the liquids described in part b if cell type A has a lot more of the receptors than cell type B.
i ]
& more detealy | Ser any beok oa Eur'{'::lf_: ﬂﬂﬁm;’“‘"l o - ana !“1“' :

hersing Ao w cel o179, Sa Mal colm Sleinbug ( Scienee vol 141
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That’s it—you're done! Have 2 great summer!|!





