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Dr. Ulrich F. Keyser - ufk20 (at) cam.ac.uk

Soft Matter and Biological Physics

Michaelmas 2014
Question 7

(1)SEle - FinsFu

few T
[ =D il (> =qNb
(V95 4 52,4/1-
D= LLE;E ool aie (e Can (Ao
@ "@‘2 (:«”/:lfd.i’myﬂf?ﬁ'\ L/zZ/(_’ %
b e g for 7 i T b
2 d"‘{f'w N b
N2LT = Dy
-, = 2 L GZA/ID — i M_{E?

a
PU\/}‘ Mﬂl WQL& J_/__ :?D’,OGD. ognﬁhhﬁtlfo/hw

b= £00uwu [ Wanko KWJ

=  ADO : A00 ww = N. b= L

e T 2 %0

(1

P

e —————————— e


ufk20
Text Box
Michaelmas 2014
Question 7


L=NL (o, Liss
5. bt change P
Q{QEFC@QG' ot Qb

s as T L
_E G <~ gl
Aes b c e

1'2 7 UI'L M Ci,q...-(_ (.-311‘.0‘1.

Qa
. A
7

Cloa'  Can % Masnst MU b oo o
o A mww-ﬁg o X ~dacechi = ﬂ—m#'w‘-
N

d = = Q : ) E '
.és E = E\f Z;‘_E' ﬂf_,.:%_.Zi'AE_

L
<

= . QE - i
B FI\—I,X T R-’( - (E.DM&'U'— F@m

Fa b He Bt ociel ﬁrr_e o clann v ot

| X

W OE, S He wluby of e bl sby U bbur b

'_._: QERN
e e

De vand Mo Ele Mevensd ¢ 2, Crdie C}J S
n
H gcm = ZJ ™ I‘-r_‘_ I.
il e mys H 25 omdd
lle( Awars ‘A_,u M M 'I', -
W"‘:] Uk Szgfrw-a‘ L Y= s_t_fl-

1l
L=
=
B
-
Yok
p

He..

o= t2 ¢ an=2R

— e 14



' Ky
-=‘> th\" -: QR

L;‘_-. W— Vd—‘ﬁ e O ylva L W\.d 2 (1’{) r”.f&_,f},p.‘_.:-,-,)
k3 Q:« T é = AF R.
& L | Rl
| : B SRS
L BERy oy e, > &F <2._2
B R ;L
...I Q Kb = ® b £ 4
U’dMIF"' - QXC{’V\)A— (SL-‘T': \ & /3
f
("(2;)%’ N&& lgrnanaany rw..rf;c.l}ﬂ
z 25 E [
{mam\ R f T o F
r!:_ 'ZNB

_F‘( 3,002 bp ONA

= E © 2000 V/wm

ok Somms vollage 7

Vilafe = F 2 3% 33‘1{51‘2
P Nb ’\2 T s

n
L= 285000 b TE.S pim

=2 Lo © A2 em



Dr. Ulrich F. Keyser - ufk20 (at) cam.ac.uk

Question 7: Polymers in Confinement

Solution:

(i) The electrostatic potential in the channel is V() = —FEx so we can easily write down the
energy for the molecule when entering the channel is

z 1
AU(z) = —pE/ xdr = —§pEx2
0

i believe that we do not have to mention that U(x = 0) = 0 as a boundary condition. This is of
course a major simplification as there will be a finite electric field outside of the channel due to
the access resistance.

(11) First explain the sign: the DNA has to be straight inside the channel so fewer configurations
are available so entropy is lower in this state with AS < 0.

Dependence on x: entropy is an extensive quantity and therefore proportional to the length L
of the strand. Since the DNA in the cavity has a fixed configuration (i.e. no entropy), we have
S = S(L)(1 — z/L so obviously AS oc —z. Well in principle this explains also the sign. 1
believe it is good to split this into two discussions - but do as you see fit.

Remark: In the event that there are questions about entropy as extensive quantity for WLC
polymers ... The number of possible configurations will be

Zn = (No. of configs/link1)(No. of configs/link2)...(No. of configs/linkN) = (const)N
So we get for the entropy
S =kpln(Zy) = NkpglIn(const) < S o N
(iii) Now we can write down AG as was asked in the question as
AG = —;pExz +~Tx

A sketch will look like the plot shown below. Of course the position of the barrier will depend
on all parameters as expected from the question. Calculate the stationary points of AG:

dAG
dx
~T
Te = —=
pE

This is expected since at higher fields the *barrier’/maximum gets closer and closer to the chan-
nel entrance - and smaller of course. No we can get the height:
2T2

AG* = AG(z,) = ”210 -

(iv) As T is increased the entropic energy cost for reaching the transition state increases while
the electrostatic energy remains unchanged. In other words, the entropic chain gets stiffer with
increasing temperature resisting the pulling force.
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