Biased reptation of polyampholytes: Trapping and enhancement effects
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We consider the dynamics of polyampholyt@As, polymers containing positive and negative
chargegin a fixed network(gel). Under the influence of an external electrical field a PA undergoes

a biased reptation; the electrophoretic mobility of the chain depends crucially on the given charge
distribution. This effect, which does not occur for equally charged polyrpmaiyelectrolytes, e.g.,
DNA) leads to an effective separation of PAs according to their charge distribution—even for PAs
of the same length and the same overall charge.1997 American Institute of Physics.
[S0021-96027)51531-3

I. INTRODUCTION which one finds for PEs, where the time to unhook depends
algebraically onN; as a consequence of this one does not

DNA gel electrophoresis is an effective method for sepa-achieve a significant separation of PEs through a series of
rating DNA strands of different lengtHs’ This is of great collisions with sparsely distributed hooks.
technical importance since polyelectroly{€ES9 in solution In this paper we consider a somehow more complicated
tend to have the same electrophoretic mobility, independenrtituation; we study namely the mobility of PAs through
of their number of monomenmd: both the electrical force as fixed, very dense networks. In this case the prevailing geo-
well as the friction force DNA are free-draining coilsare  metrical constraints effectively confine the polymer to a
proportional toN. The situation where the chains migrate tube!®?° Due to the densely spaced obstacles, the chain is
through a gel matrix is different; here already a simple analy-only allowed to leave the tube by reptating, i.e., by moving
sis in the framework of the biased reptation model shows thas a whole along the tube, creating at one end a new tube
electrophoretic mobility of PEs to follow aN/dependence, segment and erasing such a segment at the other end. As it is
at least for short chain®! The mobility for longer chains, well-known, reptation also holds for polymer melts, where
however, changes as a result of the orientation of the chainte other chains of the melt act as obstacles which are long-
in the external field.On the other hand, the biased reptationlived compared to the tube-engagement thh&. For a
concept is unable to describe the findings in field-inversiorcharged chain in an electrical field one has further to take
gel electrophoresié~IGE) where one finds a mobility mini- into account the external force acting on the polymer; this
mum (“gap” ) around some lengthl. Much work was de- leads—in the simplest version—to the biased reptation
voted in recent years to the theoretical understanding of thimodel®>* which was developed in order to model the gel
“antiresonance” phenomenon aiming to elucidate theelectrophoresis of PEDNA).
mechanisms underlying FIGE° In this work we use a slightly modified version of biased

In this article we extend the considerations for PEs toreptation and investigate the PAs’ dynamics in not-too-
heterogeneously charged polymers, namely to polyamstrong fields. Using simple scaling arguments as well as nu-
pholytes(PAS); these are heteropolymers which carry bothmerical simulations, we show that the mobility of PA chains
positive and negative charges. In a series of wdfkSwe  in dense networks depends strongly on the PAs’ distribution
have investigated how PAs in dilute solutions behave in exof charges, even for PAs with the same degree of polymer-
ternal electrical fields. As we have shown, PAs stretchization N and total(exces$ chargeQ,.;. Taking a PE chain
strongly in external fields; the details depend on the distribuas a reference, we find, depending on the specific distribution
tion of charge¥*°and on their intramolecular couplit§!®  of charges, that the PAs’ mobility is sometimes enhanced
on the solvent’s quality**°on the chain’s extensibiliy (cf. and sometimes reduced. Thus gel electrophoresis allows the
also the paper of Winkler and ReineK¥r and on the hydro- separation of PAs according to specific features of the distri-
dynamic interaction between the monomE€Y# great vari-  bution of charges along the chain.
ety of static and dynamical scaling laws follow.

We hasten to note that the presence of geometrical con-
straints can modify strongly the PAS’ dynamics in external“' BIASED REPTATION DYNAMICS
fields. Thus in Ref. 17 an analysis was performed of colli- et us now consider PAs in fixed networkgels in the
sions of PA chains with static posts; the focus of the invesframework of biased reptatichAs mentioned above, the
tigation was to evaluate the time it takes a PA chain to unpasic idea is that the embedding medi(matwork) limits the
hook. It turns out that in general this time dependsdynamics of the chain to a tube-like region, i.e., to a reptat-
exponentially onN. This is different from the situation ing motion®2° pue to fluctuations on small scales, the
length L of the chain and the contour length of the tube,

“Present address: Siemens AG, HL TS E DS, Postfach 80 17 09, 8161kc, are different L=L.). Being interested in mesoscopic
Munich, Germany. properties, the small-scale fluctuations of the chain are dis-
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the elementary charge per monomer arttie dielectric con-
E stany; in water at room temperature one higs=7 A. In
~ terms of the primitive chain, this so-called weak-coupling
condition turns into the inequalitN<(asT/q?)?, with g
being the typical effective charge per primitive chain seg-
ment. In this regime also, multichain effects can be ne-
glected, since then the electrostatic energy per chain is
smaller thanT (cf. Ref. 23 for a detailed discussion of the
Ry, role of finite concentrations These arguments remain valid
for non-neutral chains as long as the charge asymmetry is
FIG. 1. PAin a fixed network. The PA is represented by its primitive chainsmall enough, namely as long &g,<qN2.1%%4
with the fixed lengthL,=aN. Each segment carries the effective charge Due to the entanglements, the PA is only allowed to
n- move along the tube; we describe the chain’s reptation by the
following Monte Carlo(MC) method: Assume the PA at
Jime t to have the conformatiofiR,(t)}. During the time
step At, the PA attempts to make a forward or backward
jump to a new conformation of the form:

regarded; one represents the PA’s conformation by a tube
fixed lengthL ., the so-callegprimitive chain?® Note, how-
ever, that the assumption of constdnt is valid only for
not-too-strong external fields: The deformation energy pehﬁf”a')(tJrAt):%(1+f(t))Rn+1(t)+%(1—f(t))Rn_1(t),

segment(of lengtha) is much smaller than the thermal en- )
ergy T (expressed in units of the Boltzmann constkg},
i.e., when with 1<sn<N+1. Heref(t) is a stochastic variable which

takes with equal probability 1/2 the valuesl for a forward

jump of the chain (—n+1) and—1 for a backward jump
Under this condition the PA is modeled throutyh+ 1 (n—n—1). These elementary events are accepted or re-

“beads” which are connected into a linear chainlybonds  jected following the usual Monte Carlo rules: If the potential

of fixed length(cf. Fig. 1). The chain has théfixed) total U(t+At) of the new trial conformation is energetically

lengthL,=aN, where the parametex is the step length of more favorable, i.e., iU (t+At)<U(t), the new conforma-

the primitive chain(and depends on the statistical propertiestion is accepted and one sd®s(t+At) =R (t+At). If

of the network. a andN are related to the bond lengthand ~ U(t+At)>U(t), the new conformation is only accepted

the degree of polymerizatiolN of the elementary chain with probability p=exp(—AU/T) (Boltzmann factor, other-

througha?N=b2N. The primitive chain is “freely jointed,”  wise (with probability 1—p), R"® s rejected and one sets

i.e., each segment is able to point in any direction indepenRn(t+At)=Rp(t).

dently of the other bonds. The chain’s conformation at time ~ Moreover, we have to deal in E¢4) with the boundary

t is represented by the sefR,(t)}, where R,(t) conditions. When one has a forwatdackward jump the

=(X,(1),Y(1),Z,(t)) denotes the position of theth bead. (N+1)th (first) bead leaves the tube; the position of this

Furthermore, the chain carriés chargesy, (n=1,...N) lo-  bead,Ry., (Ro) in Eg. (4), is then given by

cated in the middle of each link, i.e., between each pair of

neighboring beads; these charges represent the effective Ri-+2(t) =Ry1(t) +a(t) ®)

charges of the primitive <_:hain segments. Their positions argy, 5 forward jump, or by

given by the se{r,(t)} with r(t) = (X,(t),yn(t),za(t)) (n

=1,...N) being the position of the charge on th¢h seg- Ro(t)=Ry(t) +a(t) (6)

ment;

aFe<T. 1)

for a backward jump. In Eq45) and (6), a(t) represents a
ra(t)= 3(Ry(t) + Ry 1(1)). (2 random vector of lengtha(t)|=a; by this a new, randomly
. o . . directed section of the tube is created.
iT;hgtljif/érrl]eb;))/otentlal of the chain in the external electrical field | !_et us note the d?fferences between this model an.d the
original biased reptation model of Slater and Noolghtfi.
N our case we use a Monte Carlo method to determine the next
Ut)=— 2, auEry(t). (3 move; we are thus, at least formally, able to handle electrical
=t fields of arbitrary strength. It is a simple matter to show by
In Eq. (3) the intra- as well as the intermolecular electrostaticlinearizing the Boltzmann factor that for not-too-strong fields
interaction of the charged monomers is neglected. This i§cf. Eq. (1)] our approach reproduces the formalism of Ref.
justified, for instance, for weakly charged, short PA chains4; the bias due to the field can then be directly incorporated
More specifically, for a® solvent and a randomly charged into the stochastic properties tft) of Eq.(4) (see Ref. 4 for
PA with vanishing total charge, the coupling between thedetaily. A second modification in our approach concerns the
charges can be neglected as long #&bk<(b/flg)?> creation of new tube segments. In E¢S. and(6) we pick
holds!®?122Here f denotes the fraction of charged mono- the new segmenia(t) from an isotropic distribution. This is
mers andg=e?/(¢T) is the Bjerrum lengthiwith e being  different from Ref. 4, where the new segments are assumed
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to get oriented towards the field; for stronger fields this v fuPy(t)

mechanism leads to a stretching of the whole chain. From the  Vem(t)= aN (1), 9

point of view of very dense networks, it is, however, ques-

tionable whether the geometry allows such a strongly direcwith Py(t) being theY component of(t).

tional orientation of the ends; thus we restrain ourselves from Here we are interested in thelectrophoretic mobility

incorporating this effect into the model. r(E)= v]f_m_/E wherevZ_m_ denotes the average drift velocity
of the c.m. Hence we take tha{ ,, is given by the time
average(...) of Eq. (9) so that:

lll. ELECTROPHORETIC MOBILITY

fy <
E)=(vim)E= —r Yir1— Y Py). (10
In Ref. 3 Lumpkin and Zimm succeeded in determining H(E)=(vem) a’N kzl W (Yiera™YiPy). (10

the electrophoretic mobility of PEs in gels using straightfor-AS we will see, Eq(10) often overestimates the PA’s mo-
ward concepts. As we proceed to show, the situation for PA%iIity o

is much more complex, so that simple extensions of these In the following we discuss three different kinds of

concepts encounter serious limitations. To show this we starth . . .
. - . r lymers: PEs, diblock, and triblock PAs. Even let-
from the actual tangentidlongitudina) electric forceF(t) charged polymers s, diblock, and tribloc s- Even let

. tin h polymer carry th me total ch we fin
acting on the polymer along the contour of the tube. For a g each polymer carry the same total cha@gg,, we find

iven tube conformatioR,(1)}, each charged segment vastly different behaviors for the three classes: For small
given tu iorf .t .}’ g 9 external fieldsE the mobility of PEs is essentially constant,
leads to a force contribution along the tube gfE

: whereas the mobilities of the diblock and triblock PAs in-
i e e o e and dectoase W (o agerE e bsere add
incogm ressible and inextensible tional effects. In the following we present the three cases

P separately.
N
E A. Polyelectrolytes
Fi(t)= a > Ak(Ris 1()—Ry(1)) y y
k=1 Let us consider first a homogeneously charged PE with

N d,=Aq for n=1,...N; the chain’s total charge is thus given
=— Z (Vs 1(D) =Y (D), (7) by Q.:=NAg. From Eq.(10) we find for the electrophoretic
a k=1 mobility of the PE:
where in the last lin¢and also in the followingthe electrical f\ Qo
field is taken to point in ther direction, i.e.,E=(0,E,0). n(E)= 2NZg, (P3). (11
[

From Eq.(7) the chain’s tangentidlongitudina) drift veloc-

ity along the tube is given by,(t)=F,(t)/{,, where{, de-  For small field strengthkcf. Eq. (1)], field-induced changes

notes the total translationdbngitudina) friction coefficient  of the conformation are small and the reptating chain will be,

of the PA. by construction, nearly Gaussian. Th@?¢)=a?N/3, which
This translational motion is accompanied by a drift of leads with Eq(11) to the result of Refs. 3 and 4:

the center of mas&.m,) in the medium which can be calcu-

lated as follows! A forward jump may be seen as the trans- (E)= fNQtO‘E/L (12)

fer of the end segment to the front position where a new part 3N{ N

of the chain is generated; this corresponds approximatelyhich is now independent of. Furthermore, since both
(within a accuracy of order I¥) to moving this segment over Q. and ¢, are proportional toN, one finds for smalE that

the distanceP(t) =Ry, —~R,. Obviously a backward jump ¢ gjectrophoretic mobility is proportional t*.

may pe seen as the transfer of a segment approximately over Using the Monte Carlo method described above we re-
the distance-P(t). Thus the chang@ .Rc (1) of the po-  cqyer this result. In Fig. 2 we depict the simulation results
sition of the c.m.R; (1), for a forward/backward jump is ¢5, 2 PE chain of lengthN=24 and a chargey,=Aq

given by =0.05 on each monomer. The filled circles show the res-
+P(t) caled mobility xS (E)/uy at different field strength&;
ArRem(O=fy —— (8)  for eachE value uM®)(E) denotes the average over ten

realizations of 10 Monte Carlo steps. For the simulations we
In Eq. (8) we have introduced the factdiy=(N—1)/N have to relate the timat for an elementary Monte Carlo
which takes into account that the transfer distance of the endvent[cf. Eq. (4)] to the longitudinal friction coefficient
segment is effectively smaller thahP(t): During a repta- ;. This is best done foE=0, when each elementary step is
tion step, one segment of the chain with a typical length ofaccepted. Now the friction coefficient follows from the lon-
P(t)/N vanishes, whereas the new part of the tube has gitudinal diffusion coefficient through the Einstein relation
random orientatioricf. Egs. (5) and (6)]. Now, the CM's  {,=T/D,; for the longitudinal(effectively one-dimensionjal
drift velocity in the Y direction at timet, »! (1), follows diffusion with step lengtha, D, is given byD,=a?/(2At).
from the tangential drift velocity,(t) along the tube. Using Thus we can identify;, with 2AT/a?, and Eq.(12) takes the
Eq. (8) one finds form uy/fy=a2Aq/(6AtT). In the simulation we sefl
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FIG. 2. Electrophoretic mobilityx(E) of charged polymers with three dif-

ferent kinds of charge distributions for small external fields. Depicted is theFIG. 3. Triblock PA in a network. Schematically depicted is a U-like con-

relative electrophoretic mobilitgM©)(E)/ 1y as a function of for a poly- figuration (the filled circles symbolize the gel fibersThe symmetric

electrolyte chain, a triblock PA, and a diblock Rgee text for details U-conformation(a) is locally stable: When the chain leaves the conforma-
tion by reptation the longitudinal forde, immediately counteracts this pro-
cesg[cf. (b)].

=1, a=1, and At=N so that here uy/fy=0.05/144

=1/2880. Equation(12) predicts u(E)/un=1, which is To express this effect quantitatively is difficult. First one
shown in Fl_g. 2 as a straight line; as can be_ seen, this agregsay try to apply Eq(10) also to the triblock chain. We have
very well with the averz_igegi(MC)(E)/MN obtained from the .o miared our numericak™O(E) results with Eq.(10),

MC simulations(filled circles. _ _ where we used fo¥, andPy also the MC result¢averaged
_In the following we study the biased reptation of PAS qer each MC stepWe find that the mobilities predicted by
with prescribed charge distributions|,}. Each monomer Eq. (10) are significantly smaller than the values attained

carries in addition to Fhe smgll chargeq a charge+q of  fom the direct simulations, i.ex™S)(E). Thus Eq.(10)
—4, each type occurringl/2 times; furthermore we ch0o0se oes not hold for triblock PAs. We give here an example
g such thatq>Aq. Thus these PAs have again the total\\hore this can be seen explicitly. Consider the
chargeQix=NAq, and for these PAs the PE just discussedy)_conformation depicted in Fig. 3: The chain may be
serves as a reference chain. trapped in this conformation for a long time, just wriggling
around the symmetric cag@) and attaining from time to
B. Triblock PAS time, due to thermal agitation, unsymmetric conformations
' [like the conformation depicted in Fig(l3]. Clearly, as long

As a first example we consider the following triblock as the chain is trapped in this U-conformation, the PA has a
PA: we takeq,=q+Aq for n=1,...N/4, q,=—q+Aq for  vanishing mobility, i.e.,uM9=0. On the other hand, con-
n=N/4+1,...,3N/4, andg,=q+Aq for n=3N/4+1,...N. sider Eq.(10): A straightforward analysis shows that E)
Here we setg=1 and use the same values for the other=0 for symmetric U-conformations angd(E) <0 for asym-
parameters as for the PE case. In Fig. 2 the filled trianglemetric ones. Thus as long as the PA is trapped in the
display the electrophoretic mobility of the triblock PA for U-conformation the averaged(E) from Eq. (10) is nega-
different field strengths. FdE close to zero, the mobility of tive, in contradiction touM®=0.
the triblock chain starts with the same value as the PE, In the following, we determine an approximate formula
mn; With increasing external field the mobility goes down, for the mobility of the triblock chain using the theory of
and attains its half valug.(E) = u\/2 at a field strength of activation processes. Assume that the electrical field is small
aroundE~0.09. enough so that the typical deformation of the chain is linear

The decrease g& with E can be understood as follows. in the external force; the chain will lower its potential energy
In the triblock case there often occur conformations in whichby attaining a U-like conformation, and this energy can be
the chain becomes trapped. Such a typical U-conformation advaluated by considering the two halves of the chain sepa-
low energy is depicted schematically in FigaB Due to the rately. Each half is divided into two halves itself, one half
tube confinement the chain can leave this conformation onlgarrying theN/4 charges+q and the other half carrying
by reptating; then one arm becomes longer whereas the othdl/4 charges—q. In the external fielcE, both halves of the
shortendcf. Fig. 3b)]. The electrical longitudinal forc&, chain will be stretched by a forc&g of the order of
immediately counteracts this process and drives the PA baai(N/4)E, which leads, against the entropic forces, to a de-
to the symmetric U-conformation. As long as the chain isformation AL~a?(N/2)Fs/T~a?qE(N/2)(N/4)/T.*° The
trapped in the U-conformation the mobility vanishes. Sincedeformation is accompanied by a shift of the positive and
this effect is more pronounced for largérvalues, the mo- negative charges against each other so that the potential en-
bility is a decreasing function dt. ergy of the triblock PA is lowered by AU~
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FIG. 4. Reduced plot of the electrophoretic mobility of the triblock PA. The
relative electrophoretic mobility./ wy is plotted as a function o& N2 for
three different values di. Further, we depict the theoretical formula, Eq.
(13), as a continuous curve. The inset displaysulpg) as a function of
€°N® together with Eq(13), which is now represented by a straight line. For
stronger fields a deviation of the numerical data from the line is observed.

FIG. 5. Field-induced stretching of diblock PAs. Depicted is the relative
stretching of the end-to-end distan&:é’yl(a\/ﬁ) as a function o N*? for

PA chains, withN=24 andN=72 as well agstraight ling the theoretically
predicted curve Eq5) (see text for detai)s

triblock PA case, however, the mobility of the diblock PA
—2q(N/4)EAL ~ — 422q2E(N/4)3/T. Assuming further increases with increasinﬁ_. _This enha_ncement can be un-
1 derstood by the fact that it is energetically favorable for the

that the electrophoretic mobility scales like(E)o=r, -, ) : o ;
where 7, is the typical escape time,expAU/T) from the diblock PA to stretch in the dlrect|on'of théa f!eld: Thus we
may assume that for not-too-strong fieldBy) is given by

trapped conformation, we find the following approximate : = ) )
formula for the mobility the corresponding value of a PA chain in a dilute solution:

_ o~ a202E2N3/T2 a’N  a*g’E2N*
M(E)=uyn exd —cia“q E“N°/T7]. (13 (P2)= =t (15)
In Eq. (13) the prefactor is taken to bgy (so thatq—0 .
recovers the PE cageurthermorec; is some positive con- [cf. Eq. (25) of Ref. 15. Now we use, tentatively, E410)

stant. again. The symmetry of the deformation with respect to the
Equation (13) suggests thaj(E)/uy is a function of ~middle of the chain leads us immediately to Ef1). Re-

eN2 with placing(P%) in Eq. (11) by Eq.(15) we end up with
e=aqE/T (14) fNQu0@’a?N? a’q’NE?

being the dimensionless field strength. The corresponding ! (16)

rescaled plotu as a function oN*?, is shown in Fig. 4. As
can be seen from the figure, the data for diffefdntollapse  Equation(16) predicts an increase of the mobility with in-
to a master curve. We also display in Fig. 4, EtB), where  creasingE which results from the stretching of the chain.
we setc,;=0.0055 in order to fit the simulation results. As This is contrary to the triblock case: Here the chain in a
can be seen, for not-too-large Eq. (13) fits quite well. On  dilute solution shows no stretching in the field due to the
the other handsee insert of Fig. ¥ for values ofeN¥2larger ~ symmetric halves of the chain, and one fir{d)=b>N/3
than 200, the numerical data deviate from EL). independently of the field strength.

Let us compare Ed13) to the typical unhook time, of Let us compare Eqg15) and (16) with our simulation
a triblock PA which collides with a cylindrical po$f.in this  results. The field-induced stretchidg®y=(Py) is given by
case we found that; *«exp(- ca2qQoE?NYT?) wherecisa  APy=a?qEN?/(12T), which corresponds to the second
positive constant. Note that for single hook collisiofis  term on the right-hand side of E€L5). In Fig. 5 we compare
contrast to the reptation cashe total charge enters into the this theoretical prediction with the chain stretching which we
exponential factor. find in our simulations. We display the relative stretching
APy /(aNY? as a function oEN*2 For eN*2< 20 the data
for differentN, as well as the theoretical curve, coincide. For
larger field strength one finds, however, that the numerically

We turn now to the following diblock PAgq,=qg+Aq determined extension falls below E@{.5). Furthermore, the
for n=1,...N/2 andq,=—q+Aq for n=N/2+1,...N, and N-dependence changes, so that the result for different values
use the same parameters as for the triblock PA. In Fig. 2 thef N do not scale witheN*2. Note, however, that this be-
mobility w(E) of the diblock chain is displayed through havior is not simply due to the finite extensibility of the
filled squares. Evidently, for extremely low fields,—0, the  chain; this alone would lead to a much larger extension
diblock PA has the same mobility as the PE: Contrary to theAPy=aN at very large external fielda detailed discussion

C. Diblock PAs
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FIG. 6. Electrophoretic mobility of the diblock PA witN=24. The nu- FIG. 7. Electrophoretic mobility of diblock PAs witN=24 andN=72.
merical results are plotted, together with two approximate formisles text  Depicted is the relative mobilitys/uy as a function ofeN*2. Note the
for details. scaling of the data for differery.

of the role of the finite extensibility in the case of dilute Eq.(17) one hasu(E)/un=1+ (48 1—c,)e’N3. This may

solutions can be found in Ref. 13n Fig. 6 we compare the explain the deviations between E{.6) and the numerical

mobility of a diblock PA with N=24 with the theoretical data which occur in the limit of small fieldgf. Fig. 6. On

curve, Eq.(16). As is evident from the figure, E416) over-  the other hand, as can be seen from Fig. 6 ¢fiNf’>>8 the

estimates the mobility of the diblock chain. The numericaldecrease ofu which follows from Eq.(17) is much faster

results show a remarkable effect at lamgealues: AteN*?  than what the numerical data suggest. This deviation may be

~14 the mobility reaches a maximum; for larger values ofunderstood as being due to other pathways by which the

e the mobility decreases monotonically with the field chain can leave the energetically favorable configuration.

strength. In Fig. 7 we display the numerical results for the diblock
Equation(16) is based on the assumption of ergodicity; PA’s mobility when also very high external fieldeN*? up

namely, that in spite of the tube confinement the chain camo 120 are included. Interestingly, arouraN*?~50 a very

change from one given configuration to another without beslow decrease of. sets in. Furthermore, this large range of

ing hindered by large potential barriers. This is only the casd-values allows us to test scaling with respecets®? the

for sufficiently small fieldsE. At stronger fields(as in the normalized valuesu(E)/uy plotted againsteN®? should

triblock case, trapping effects occur and the mobility de- collapse. We have evaluated these quantities\fer24 and

creases withE. This can be understood as follows: Com- N=72. Figure 7, where these data are displayed, confirms

pared to a stretched conformation a typical rand@auss- good scaling for ale considered, even for suehvalues for

ian) conformation is energetically less favorable. From Eq.which Eq.(17) does not hold. This suggests that the mobility

(15) one finds that the energy of the stretched state is lowis of the form w(E)=uyf(eN*?), where, following Eq.

ered byAU~ — APyqNE~ —a?N3q?E?/T. For |AU|>T,  (17), the functionf obeysf(x)=(1+ x2/48)exp(-c,x?) for

i.e., for field strengtlE> E, with Eq~T/(aqN®?), the chain  smallx, whereas for large values of the argumérit a very

can get trapped into such energetically favorable stretcheslowly decaying function.

configurations. We infer that fdE=E, the trapping mecha-

nism comes into play and influences the dynamics. We argu

now as in the case of triblock PAs and expect an Arrheniusﬁ/' CONCLUSION

type correction tqu(E). This leads to In this work we have investigated the motion of PA
2 28132 chains in dense gels and show@tthe framework of biased
a“q°N°E . o
w(E)=puyl 1+ W) expl — C,a’g%E2N3/T?), reptation that the chains’ mobilities depend very strongly on

their charge distribution: Chains with the same number of
17) segments\ and the same totdexces$ charge may display

where ¢, is a positive constant. The maximal mobility drastically different behaviors, depending on their particular
Mmax Of the chain is given for som&=E;>0 as long as charge distribution. Thus in small external fields the mobility
C, is sufficiently small, namelyg,<<1/48. Then one haE, of diblock (triblock) PAs increasefdecreasgswith the field
=c, 1-48T/(aqN*?) and pma=un(48c,) "L exp(4&,  strength. Furthermore, we showed that ideas developed for
-1). PEs cannot be easily extended to PAs. Thus(E@), which

For the sake of comparison, we also display in Fig. 6 Eqis very useful in describing the mobility of PEsf. Eq.(12)],
(17) for c,=0.007. Note that for small values & this de- does not carry over to PAs; for PAs it is necessary to take
scription is reasonable. One may also note that trapping inaccount of trapping effects into favorable configurations,
fluences the mobility even for very small fields, since fromwhose description requires concepts from the theory of acti-
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