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Electro-depositio n of polyme r chains on an adsorbin g wall: Density
profile s and wall coverage

Grace M. Foo
Supercomputign and Visualization Unit, Nationd University of Singapore Singapoe 119260

R. B. Pandey
Program in Scientifc Computirg and Departmen of Physic and Astronomy University of Southern
Mississippij Hattiesburg Mississipp 39406-5046

(Receivel 30 May 1997 acceptd 11 Septembe1997)

Growth of polyme densiy in an electro-depositio modd of polyme chairs on an impenetrable
wall is studiel on a two dimension& discree lattice using a Monte Carlo simulation.
Polymer-polyme repulsi;n ard polymer-wal attraction for the adsorbig wall (along with the
neutrd ard repulsiwe interaction$ are considerd in an externa field. Effects of the field strength
(B), temperatue (T), ard chan lengh (L) on the densiy profile of the polyme chairs ard wall
covera@ are investigated The spatid densiy profile shows onsé of oscillation nea the wall at a
characterist field (B.) which depend on chan lengh and temperature In low field,
adsorption-to-desorptiotransition at the wall appea on increasiig the temperatug (unlike neutral
ard repulsive walls). In high field regime on the othe hand a non-monotort dependene of
covera@ on temperatueg is observe with a maximum at a temperatue (T,,) which increass on
increasig B. The equilibrium value of the polyme densiy (py) shows a power-lav decg with the
chah length pg~L;“, at the wall and in the bulk with correspondig values of the exponenta
and ag ; thee exponend differ substantial} and depem on B, T, and L. The coverag decays
monotonicaly with the chan lengh at a constah temperatue ard field. © 1997 American

Institute of Physics [S0021-960807)51347-X

I. INTRODUCTION

Fundamenta understandig of depositiom and surface
growth processg has enormows applicatiors in a variety of
industries such as manufacturiig of semi-conductodevices,
coatings paints compositesand othe materialst~’ For ex-
ample paint-particulate (aggregats or polyme chaing are
driven by pressue gradiert toward asurfa® in a sprgy paint-
ing processwhile the biopolymes (DNA, RNA, or protein
are driven by electri field in an electrophoreti proces lead-
ing to DNA finger printing. When the polyme chairs are
driven by afield, their motion tendsto cea® or slow down as
they encounte barriess (i.e. the surfa® as an idealized casg.
In fabricatirg a thin film, layered material or in electroplat-
ing processesconstituem molecula specis are driven by a
field towad atarget Depositin of sud molecula species
terd to alter the origind morphology of the targe (surface/
line) area Consequenyl the densiy of the growing surface
layers depend on the detaik of the proces and parameters
sud as the magnituee of the field, shag and size of the
molecula species temperaturgetc Since analyticd treat-
mert is difficult and limited, particulary in the cas of ex-
tensibk structure sud as polyme chains compute simula-
tions provide ausefu tod to stud/ suc processe& !

Severh attemps hawe been mack in recen yeass to un-
derstan the conformatia of polyme chairs ard their den-
sity profile at the surface?® Howeve nore of the studies
ded with the growth of the densiy profiles driven by afield.
We use a Monte Carlo simulaticn methal to study the
growth of the monome densit alorg the field (x-)direction
ard covera@ of chairs on the wall as the polyme chairs are
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deposite on an impenetral# wall. We investigae the effects
of temperatue (T), field strengh (B) ard chain lengh (L.)
on the densiy profile of depositig chains Attemps are
mack to identify the ranges of B and T which are effective in
driving the chairs toward the wall tha lead to appreciable
change in adsorptim and desorptimm of the chairs at the
wall.

Over this range of parametes (T, B, ard L), the prob-
lem reducs to a study of polyme chairs nea an attractive
wall, complementig earlie studies of free or attached
chairs nea surfacs or betwea walls!** We recover
qualitative resuls similar to sone of the earlig simulations
while using a simple model For example in low field, we
see adsorptimm transitin at low temperaturéS=! and de-
sorptin at high temperatug with an adsorption-desorption
phae transition at a critical temperatureThe adsorptio de-
pend on the strengh of wall potentia (interactior), tempera-
ture, ard field. In high field, on the othe hand we observea
non-monotord dependene of adsorptim on temperature
with a maximum at a characteristi temperatureFor com-
parison we also look at the effects of neutra ard repulsive
walls on the chain behavior We obsene oscillatory behavior
of the monome densiy profiles nea the wall in certan re-
gimes of B ard T consistehwith previows simulation>%in
different contexts We haw also analyzel the conformation
of chairs in detal and observe interestirg crossove in the
power-lav dependene of the x and y componerg of the
radius of gyration with the chan lengh from bulk to wall;
we offer this repot in a separa communicatiorf® In the
following Sec Il, our chan modé is describedThe simula-
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FIG. 1. Snapshbof lattice at 1000 MCS showirg configuratios of L.=40
chairs at (a) T=100.9 (b) T=10.0 unde field of strengh B=2.0.

tion resuls are discussd in Secsll| and IV, with asummary
in Sec V.

Il. MODEL

We conside self-avoidirg walk (SAW) chairs on atwo-
dimension& lattice of size L,xL,. We use L,=1000,
L, =200 for all the data reportal here althoudh we hawe used
various sizes with differert aspet ratios (L/L,) to check
for the sevee finite size effects At equd time intervals up
to pX L, (with p=0.09 chairs of lengh L. are generatd at
the left end of the lattice (x=1 to x=pXL,), i.e, attempts
are mack to releag chairs at a constan rate from the source
end In orde to use anearesneighba interaction in addition
to excludel volume a positive charge or interaction density
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E=% PiIJPL|3Ei pidX;, (1)

whetre the first summatia is restrictel to neares neighbor
sites ard dx;=0,=1 is the displacemenof the ith chain
noce alorg the x-direction Metropolis algorithm is use to
reptat the chairs with a periodic bounday condition to
move chairs acros the y boundary It is worth pointing out
that the reptation dynamice (as with mary othes sudc as
kink-jump, crank-shaft etc) is unphysicé and is usa here
primarily to spee up the progran to study the profiles of the
distribution of the chains We defire one Monte Carlo step
(MCS) as LyXL, attemps to reptag randomy selected
chains.

The parametes we conside are the chain lengh L,
temperatue T, ard field strengh B. Fou chan sizes are
usel in this study, L.=40, 80, 120 ard 160. At intervak of
50 MCS for a totd of 1000 MCS, up to 0.05x200=10
chairs are generatd at the left end of the lattice While
it is eay to maintah a constanh generatio (supply/release
rate for shorte chains it is not possibé for the longer
ones The final concentratia of the chairs in the lattice
after a sufficiently long deposition time, therefore depends
on the numbe of chairs generatd (with a maximum of
200 here as well as their length For L,=40 and L,=80
chains the fina concentratia is steag at abou 4% and
8% respectively while for L.=120 chairs it ranges from
8% to 12% ard for L,=160, 6% to 16% A range of
field strengths (B=0.1,0.5,1,2,5,10 and temperatures
(T=0.1,0.5,1,5,10,100vere explored Asin mog MC simu-
lations units for the interactim enery (Eg. (1)), field

(p=1) is assigned to each polymer node/bead, while thestrengh (B), and temperatue (T) are arbitray with field

attractive wall (located at x=L,) is mace up of aline (length
L) of negatie chargs (p=—1). Neutral p=0) and repul-

normalizel by kgT and temperatug by kg, the Boltzmann
constantNote tha the orde of magnituek in the variation of

sive (p=1) walls are also considered. Further, we considethes parametes is relatively large but it is necessar some

an externé field of strengh B along the positive x-direction.
Thus the interactio energy is describé by,

Monomer Density
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times in suh modd systems For ead sd of parameters,
ns~ 20 simulatiors were performeal to obtan reliable esti-

(b)
T I T I T T
- —— B=0.1 1
05 ® —eB=05 4
- =—mB=10
= T 0—oB=20 i
c 04
©
)]
5 0.3 f
E " ir
8 0.2¢ :
o <7 )
= e ‘
0.1 M ’ -
0.0 (AN i |
600 700 800 900 1000
X

FIG. 2. Monome densiy vs X of (a) L.=40, (b) L,=160 chairs a T=100 nea the wall.
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mates of the physica quantities i.e., the monome density
alorg the field (x-)direction ard the coverag of chairs at the
wall.

IIl. MONOMER DENSITY PROFILES

As describe abowe all the chairs are releasd from the
sour@ end of the sampé (toward x=1) wher they are lo-
catal initially . Thes chairs reptat into the lattice ard many
of them arrive at the wall in appropria¢ time which depends
on the temperatue and field. Interaction betwea the poly-
mer chairs and the wall, alorng with the magnituc of field
ard temperatue affed the adsorptio ard desorptio during
sud deposition processPolyme densiy evolves in the lat-
tice ard after a sufficiently long time the polyme densiy at
the wall approachs astead (equilibrium) value Thus the
monome densiy profiles along the field (x-)direction give
an indication of the bulk movemenm of the polyme chains.
Thes profiles depem strongy on T and B. Snapshat of the
chai configuratiors are usefd aids to interpretirg our data
and we will presenafew at the final time stegp (1000 MCS).
We note tha at high temperaturg (T=100), the movements
of chairs alorg the x-direction are relatively unaffecte by
the field (see Fig. 1(a)) in our observatio time. Since the
energy of the chairs (at high T) negats the influence of low
fields i.e. the electrostati energy due to field, a high field
(B=5.0) isrequirel to drive them toward the wall faster At
lower temperatue (T=10), the field is more effective in
driving the chairs and they begin depositirg on the wall
fasta (Fig. 1(b)).

The densiy profile for chairs of lengh L.=40 is pre-
sentel in Fig. 2(a) at T=10. From Fig. 2(a) we note tha the
densiy profiles of L.=40 chairs nea the wall becone in-
creasingy shap as B increasesi.e., as the field increases
more chairs are driven toward the wall and they pak more
closel together Howeve at the wall the monome density
decreasesSince the conformatios of the chairs are re-
stricted at the wall, the chairs prefe to avoid it.?* The den-
sity profiles for the long L .= 160 chairs (Fig. 2(b)) are not

(a)
- I ‘ I -
08 -
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FIG. 3. Snapshbof lattice at 1000 MCS showirg configuratios of L .=160
chairs at T=10.0 unde field of strengh (a) B=2.0, (b) B=10.0.

only flatter/broade than the correspondig profiles for

L.=40 chairs but also significanty differert in othe as-
pects For example the longe chairs are nat able to padk as
close togethe as the shorte ones nea the wall (see Fig. 3(a)

ard compae with Fig. 1(b)). Note that the sterc hindrance
leads to some screeningi.e., the entropt constrains become
more effective for the long chains Secondly at high field

B=10, we obsene oscillatiors in the densiyy nea the wall

for thes chairs unlike for shorte ones We would like to

point out tha the oscillatoly behavia in the densiy profiles
are alo observe in different contexts For example the
pressue from chairsin the bulk and wall constrains induces
a layering effea on the monomerg? In our study here the
field aligns the chairs along x-direction (Fig. 3(b)). The elon-
gatad chairs see the wall mainly throucgh the erd nodes.
Chairs attachd to the wall viatheir end nodes form polymer
brushe in their low entropt enery conformatiors (due to

polymer-polyme repulsion). This induces perturbatiom on

the distribution of adjacen chairs leadirg to oscillatiors in

the densiy profile (Fig. 2(b)). Further we see a shap in-

creag in densiy both nea the soure erd where the chains
are releasd ard nea the wall into the bulk, i.e., the disper-
sion in the polyme densiy increase on increasiig the chain
length.

\ \
0.3
0.2
0.1
0.0 _ | \ \ \_
600 700 8())? 900 1000

FIG. 4. Monome densiy vs X of (a) L,=40, (b) L,=160 chairs a T=1.0 nea the wall.
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FIG. 5. Snapshbof lattice at 1000 MCS showirg configuratiors of L .= 160
chairs at (a) T=1.0, (b) T=0.1, unde field of strengh B=0.5.

At low temperature (T=1,2), the chairs reat the wall
even a fairly low B in our observatio time (Fig. 4). Within
a range of low field values i.e, B=0.1 to B=2.0 for
L.=40, ard B=0.5,10 for L,=160 chains the monomer
densit increass very rapidly at the wall. The snapshb of
thes chairs (Fig. 5(a)) reveas that the chairs are adsorbed
alorg the wall (along y-direction in contras to their confor-
matiors nea the wall. More segmerg of the approaching
chairs fed the wall since the field is too we& to align the
chains For an attractive wall, the chairs subsequengladsorb
on the wall sinee it is energeticall favourable At suffi-
ciently high values of B, we obsene oscillatiors in the den-
sity profiles similar to those mentionel abowe for L.=160
chains Note tha we also obsene suc oscillatiors a low T
for the shorte chairs (Fig. 4(a)) unlike their densiy profile
at T=10 (Fig. 2(a)). Thus the characteristi value B.. of the
field for the onsé of oscillatiors varies with chain length and
temperaturgit tends toward large values as the chain length
decrease (at the same T). For example for L.=40 chains,
oscillatiors are observe for B=5 at T=2, ard for B=2 at
T=1. But for the longe L.=120,1® chains oscillations

occu for B=2 ard B=1 at the correspondig temperatures.

(@)
T I

0.8 _
> | — B=0.1 i
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The oscillatiors for the longe chairs weaken at very high
field (B=10) since fewer of them are able to read the walls
at low T (see Fig. 4).

The trend of increasig densiy on the wall at low field
persiss at lower temperatured=or example at very low tem-
peraturs (T=0.1), high values of the monome densiy at
the wall are observe at low B (Fig. 6). However unlike at
T=1 above ther are oscillatiors in the monome densities
a thee B, i.e, B=05 to B=2 for L.=40 chairs and
B=0.51 for L,=160 chains Away from the wall, the
chairs at the® temperaturs are strongl aligned alorg the
x-direction even at low fields (Fig. 5(b)), thus contributirg to
a layering effed discussd above Adjacert to wall (at X
=999 the monome densiy drops sharply But at the wall
the energy function become importart at thee tempera-
tures ard we see tha the chairs are strongly absorbd on it
(Table ). They are almog completey aligned with the wall
becomiy one dimensiond chairs in the transverse
(y-)direction This is consisteh with earli@ simulation
studies®?* A detail@ analyss of the conformation& be-
havia nea the wall will be publishel else where?® How-
ever, the field is less effective in driving the chairs toward
the wall and fewer chairs (particulary the longe ones are
able to read it. The oscillatiors are therefoe weake here
than at T=1. At very high B the effed is severe many
chairs are locked in nea the point of generatio before
reachimg the wall. Thus we see tha oscillatiors in density
profile (i.e., layering in monome distribution nea the wall
occu dueto rate of growth in polyme densiy cause by the
interplay betwee the field and temperatue alorg with the
chan length.

A. Compariso n with neutral and repulsiv e walls

We perfom simulatiors using neutrad (p=0) and repul-
sive (p=1) walls mainly in two parameter spaces: high

(b)
0.5 T | '
r — B=0.1 R
& —@B=05
>, 04 - m—aB=10 Il
."a' L G—©B=2.0 J
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a 0.3 OOW
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FIG. 6. Monome densiy vs X of (a) L,=40, (b) L,=160 chairs a T=0.1 nea the wall.
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TABLE |. Monome densiy nea attractive neutrd ard repulsive walls.
Error bar on the orde of +0.03.

G. M. Foo and R. B. Pandey: Electro-deposition of polymer chains

TABLE Il. Exponenta in pg~L;“ for chairs in the bulk (ag) and at
attractive walls (ayy). Error bar on the orde of +0.02.

X T B L. Attractive  Neutral ~ Repulsive Temperatue T Bias B ag aw
998 100 50 40 0.704 0.729 0.712 10.0 0.1 0.651 0.489
999 100 50 40 0.735 0.716 0.71 10.0 0.5 0.264 0.849
1000 100 50 40 0.652 0.612 0.586 10.0 1.0 0.057 0.409
10.0 2.0 0.041 0.457
998 100 50 80 0.623 0.615 0.62 100 50 0.006 0.659
999 100 50 80 0.632 0.613 0.59 100 10.0 _0.026 0.979
1000 100 50 80 0.509 0.477 0.407
5.0 0.1 0.623 0.928
998 100 50 120 0.517 0.521 0.523 50 05 0.044 0374
999 100 50 120 0.493 0.461 0.457 50 10 0013 0367
1000 100 5.0 120 0.365 0.283 0.263 50 20 0.059 0512
998 100 50 160 0415 0399  0.383 5.0 5.0 0.047 0.91
999 100 50 160 037 0.345 0.323 5.0 10.0 0.15 1.039
1000 100 5.0 160 0.252 0.207 0.168 10 01 017 _0.017
998 10 05 40 0564 0566  0.599 1.0 05 0.282 0.082
999 10 05 40 0541 0.607 0.638 1.0 1.0 0.522 0.115
1000 1.0 05 40  0.84 0613  0.25 1.0 2.0 0.254 0.559
1.0 5.0 0.324 1.172
998 1.0 05 80 0.42 0.448 0.475 1.0 10.0 0.458 1.061
999 1.0 05 80 0.448 0.474 0.438
1000 1.0 05 80 0783 0384  0.089 05 0.1 0.165 —0.025
0.5 0.5 0.318 -0.030
998 1.0 05 120 0.333 0.374 0.346 0.5 1.0 0.274 0.0
999 1.0 05 120 0.393 0.358 0.29 0.5 2.0 0.268 0.762
1000 1.0 05 120 0.77 0.243 0.042 0.5 5.0 0.447 0.941
0.5 10.0 0.456 0.801
998 1.0 05 160 0.274 0.3 0.279
999 1.0 05 160 0.36 0.272 0.187 0.1 0.1 0.32 0.016
1000 1.0 05 160 0.747 0.179 0.027 0.1 0.5 0.318 0.001
0.1 1.0 0.392 0.042
998 0.1 0.5 40 0.276 0.245 0.245 0.1 20 0.482 0.731
999 0.1 0.5 40 0.111 0.236 0.265 0.1 50 0.549 0.757
1000 0.1 0.5 40 0.949 0.235 0.007 0.1 10.0 0.481 0.613
998 01 05 80 0.149 0.11 0.119
999 01 05 80 0.102 0.1 0.119
1000 01 05 80 0.958 0.097 0.0
998 o1 05 120 0.129 0.079 0.067 drops rapidly belov |ts. value in the bulk. At temperatures
999 01 05 120 0139 0073 0061 where strorg adsorptim occus at the attractie walls
1000 01 05 120 0.954 0.069 0.0 (T=<0.5), the monome densities at repulsive walls drop to
998 01 05 160 0.102 0.073 0.058 0. There is no adsorptim transition with neutrd and repul-
999 01 05 160 0.126 0.067 0.053 sive walls_ T_hus the type of wa_II, ie, attra_cnve repulswe,
1000 01 05 160 0.946 0.07 0.0 or neutrd isimportart in governirg the densiy profile on the

T(=5) ard B(=5), ard low T(=<1) ard B(<1) whet for

attractive walls the chairs begin to deposi on the walls. In

both regimes the monome density profiles up to two or

three lattice spacing from thes walls are similar to the pro-
files for attractive walls. At high T and B, the monomer
densities decreas at the walls, i.e,, a X=100Q with its

highes value at attractive walls and lowed at repulsive walls
(Table I) as expected.

At low T and B wher the adsorptiom transitiors take
place the densities a the three wall are very differert (see
Table I). At attractive walls, the monome densiy shoos up
rapidly (from X=998 to X=1000 due to adsorptim of the
chains At neutrd walls, the densities do nat vary mud from
the values two to three lattice spacing away (see Table ). At
repulsive walls, on the othe hand the monome density

wall at low temperature T(<1).

B. Variatio n of monome r density with L,

Let us now examire a power-lav dependene of the
monome densiy on chan length py~L_*, which is ob-
serval at the wall and away from it in the bulk (Table II).
This bulk regime where the polyme densiy has reachd its
steag value in our observatio time, is still close to the wall.
We find tha the power-lav exponeh («) depends strongly
on B and T but we hawe not attempte to quantify the de-
pendene given the quality of the data since we do not see a
simple monotonc variation of @ with B and T over the
whole paramete regime However the magnituds of the
exponem provide ameasue of where the monome density
might depeml strongly on chan lengh (i.e, the greate its
magnitude the greate the dependende or nat at all (as the
magnituds of the exponen terd to 0).

J. Chem. Phys., Vol. 107, No. 23, 15 December 1997
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FIG. 7. Monome densiy at the wall vs L. at (a) T=10, (b) T=1.

In earlig sectionswe haw identified severaregimes of
B and T with their high and low magnitudesard their cor-
respondig effects on the chairs in the bulk and at the wall
sud as layering effect/oscillatios in densiy profile, and ad-
sorptian at the wall. Thee effecs on the monome density
profiles are moderatd by the lengh of the chairs and their
packirg ability at aB and T. Thus it is nat surprisirg to find
reflectin of the® regimes in the magnituak of exponenta.
The exponerg seen nat to vary continualy betwee re-
gimes but perha within regimes.

In the bulk, the field effectively drives and aligns the
chairs at high (T(=5), B(=5)), ard low (T(<1), B(<1))
values of field and temperaturgeas see before In the field
ard temperatue regimes we find the lowed magnituds of
exponem (a) which increase a8 decreases at high and
increass at low T. The increasig magnituds of exponent
indicake wher the effed of field is too week or interferes
with alignmen of chairs sudh tha packirg constrains se by
the chain (length becone important.

Chairs at the wall (Fig. 7) shav greate variatiors in the
exponentsy,, compare to chairsin the bulk (TableIl); note
tha there is more variation in ay, with B at low T than at
high T. The smal exponen values occu at low T(=<1) and
B(=1) wher chains regardles of length are strongly ad-
sorbal on wall. Note that chairs are strongy driven to wall
in this regime In high T and B regime where chairs are
strongly driven, the exponemh magnituds at the wall gener-
ally increa® with increasimg B in contras to exponeh mag-
nitudes in bulk which hawe decreasig trend Thus in this
regime the packirg of chairs at the wall more severy de-
pend on chan lengh and field. In othe regimes (low T,
high B ard high T, low B) the exponend generaly have
large magnituc since fewer long chairs are able to read the
wall compare to the shorte ones.

IV. WALL COVERAGE

At the wall, the numbe of sites oocupial by polymer
nodes normalizel by the totd numbe of sites (i.e. the

monome densiy at the wall) gives the percentag coverage
of the wall by polymer This quantiy provides ameasue of
the extert to which the polymea chairs are adsorbd on the
wall. Plots of the wall coverag versis T, B and L presented
here show various regimes where the polymers are strongly/
weakly adsorbd ard the effect of thee parametes on the
coverage.

Variation of coverag with temperatug is presentd in
Fig. 8. At low values of field B(<1.0) and low temperatures
T(<5.0), the coverag begirs to increag rapidly as T de-
crease ard tends to satura¢ to a maximum value at the
lowed temperatue (T=0.1) considerd here At T=1, it
reachs abowe 80% for L.=40 chairs and 70% for L.=160
chains As temperatue decreasgfurther (T<0.5), we find
covera@ exceedig 80% even for L.=160 chains The
chairs lie alImog flat on the wall. Asin a seconl orde phase
transition on increasiiy the temperaturethe coverag de-
cays from nearly complet adsorptio (at T,~1) down to
neary zero at the critical/transition temperatue (T.) where
neary complee desorptim occurs We hawe not attempte to
estimaé a more preci®e T., neverthelessthe adsorption-
desorptim transition temperatue seens to depem on B and
possiby on L.. We would like to point out tha a continuous
transition was also observe by Lai recently'®2°We refrain
from further studyirg the adsorption-desorptio transition
here due to difficulties in handlirg the large fluctuatiors in
sud alow dimension As describé in Sec I, the chairs are
driven on a two dimensionaplare and depositel on an im-
penetrald wall whichisaline—thisisa(1+ 1) dimensional
driven system far from equilibrium Therefore adsorption-
desorptim transitin at a linear wall is marred by large fluc-
tuations Sud transitian in highe dimensiors (i.e., (2+1))
shoull hawe relatively less fluctuatiors and may be consid-
eral in our future studies.

At intermedia¢ to high values of field (B=2), the cov-
erag of thee chairs exhibits a nonmonotort dependence
on T, achievirg fairly high pe& coverag (75%-80%) for
L.=40, and 25%—-30% for L,=160 at a characteristi tem-
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FIG. 8. Coverag vs T for L.=40 (open symbo), 160 (filled symbo) chairs at (a) low B, (b) high B.

peratue (T,,) which increass with increasig B. We note
tha the pe& coverag drops progressivel as the chain
length increasesThe lower covera@ is not unexpectd aswe
hawe see above the longe elongaté chairs do not pak as
densey as shorte ones Thes temperaturglie in the range
T=1.0ard T=10.0 At thes high fields the chairs align in
the field direction as in polyme brushe so the adsorptio at
the wall is mainly of the erd segmerd of the polyme chains.
The highe$ brush densities appea at abou T=2,5,10 for
B=2,5,10 respectivef where B/T~1. Thus at high tem-
peraturethermd energy dominate over the electrostat en-
ergy. However on lowering the temperaturethe interaction
enery becoms increasingy dominan over the therma en-
ergy ard the conta¢ betwea chan nodes and wall increases
with a maximum at T,.

V. SUMMARY AND CONCLUSION

A Monte Carlo methal was usel to study the electro-
depositim of interactirg polyme chairs on an impenetrable
wall on atwo dimensionadiscret lattice We exploral the
effect of temperaturgfield and chain lengh on the behavior
of the monome densiy profiles and covera@ of chairs at
the wall with attractive neutra] and repulsiwe interactions.
The temperatue and field compee in determinirg the move-
mert of the chairs particularlyy along the field direction At
high temperaturge high fields are necessar to drive the
chairs more effectively toward the wall while at low tem-
peraturelow fields are quite effective The interplay between
the field ard the effed of wall aligns the chairs alorng the
field (x-)direction and induces a layering effect Conse-
quently oscillatiors appea in the monome densit profile
alorg the x axis Thes oscillatiors occu abow a character-
istic value of bias B, which depend on chan lengh and
temperature Generally the value of B. beyord which the
oscillatiors are observe decreasg with increasilg chain
length and/o decreasig temperature.

For attractive walls, a neary complet adsorptim is ob-
servel at low T(=<1) ard low B(=<1). At the sarre values of
B, onincreasiig the temperatue the covera@ drops down to
nearly zero at a critical temperatue (T,) leadirg to a com-
plete desorptionThus at low B, we obsene an adsorptio at
low T and desorptim at high T with an adsorption-
desorptim transitian consistehwith the recen simulatiors in
different modéd systemsin high field (B=2.0), we find that
the coverag depend non-monotonicall on temperature
with a maximum value at a characteristi temperatue (T,
which increase on increasim the field. At high temperature,
covera@ at the walls depend strongl on chan length Short
chairs are able to padk more densg} than longe ones as
they align unde the influene of field, resultirg in a higher
coverageEquilibrium polyme densiy at the wall and away
from it (i.e., in the bulk) shows apower-lav decy with the
chah length pq~L_ “; the power-lav exponente depends
on the magnituek of the field and temperatug with the range
of values 0.0-10 at the wall and 0.0-0.& in the bulk. No
adsorptia transitiors occu for neutrd and repulsive walls.
At neutrd walls, the monome densiy is almog unchanged
from its value nea the wall. However at repulsive walls
there are almog no monomers.
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