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Property modification of an inorganic surface can be readily achieved through the use of macromolecules
chemically grafted to the surface at specific functional sites along the chain. While numerous efforts have
addressed the properties of linear chains grafted at onetaifg},(relatively few have extended such studies to
include double-tethered chainsgps. In this work, we consider loop/tail mixtures in which both chain species
possess an identical number of repeat units. Bond-fluctuation simulations have been performed to ascertain the
effects of composition, chain length and surface density on the segmental density distribution and layer height of
each constituent species and of the mixture. These results compare favourably with self-consistent field
predictions for bidisperse mixtures of grafted tails differing in length by a factor of @998 Elsevier Science

Ltd. All rights reserved.
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INTRODUCTION packing, as described in terms of the chain gyration radius
(Ry), the segmental density profile normal to the interface
(0, and the polymer layer thicknesk)( Scaling relation-

ships are also of considerable value in such investigations,
since they not only distinguish between different conforma-

Controlled modification of the properties of various

impenetrable (primarily inorganic) surfaces can be readily
accomplished through the use of grafted polymer chains.
Grafted polymer chains are chemically attached toasurfacetional regimes, but also facilitate the design of grafted

at specific (‘sticky’) sites along the chair, and constitute olvmer lavers from limited exoerimental data. For
a commercially viable means by which to customize surface poly y P :

: : L A2
ropeis o svance, o ooy savcumoa  Ecel 8 guod selvent s oG o sl 2
stabilizatio’® and biocompatibility. Precise property o P

modification at nanometre length scales requires detailed.denOteS the density of anchored sites. Likewise, the critical

information regarding the conformational characteristics of impingement densityot), the density at which neighboring

the grafted chains and the height of the resultant thin chains interact and are forced away from the surface due to

; ; <6/5 :
monolayer. While functional sites can, in principle, be increased volume exclusion, variesis™ for tails.

chemically incorporated anywhere along the chain (see, for If both ends of a chain are chemically functionalized, then

- - he chain upon grafting is more highly constrained, tethered
example, Ref. 8), one common approach has relied extenswel)} : ;
on chain-end functionalization. More specifically, emphasis to the surface at two sites and forming a polyriearp. The

: 1-33 :33,34 :
has been placed on chains capable of attaching to a surface Zigm;oglns%tlggi o a?l;]'?le%ynbanot nggr)lpetglter?e Z;Imogp: ent
only one end. Such single-tethered chains are referred to as 2" c. xamined, bu y fo th X
tails, and a concentrated layer of tails is designatriiat?° as tails. One reason for this is that looped chains have been

Over the past decade, polymer tails have remained theconventionally regarded as tails of half chain length. This
subject of extensive ’theoretigalll_lg and simula- assumption accurately describes the extension of looped

tions182°~2%esearch, since studies of grafted tails provide blocks in microphase-ordered block ggpolyrﬁéﬁs, and
valuable insight into the factors affecting chain conforma- Prior bond-fluctuation (BF) simulatioris reveal that the
tion and packing within a highly constrained environment cr|t||c;al Ch?'”. 'mpgf‘gem?]m ?ens[tly for loops obeys the same
(i.e., within close proximity to a solid interface). Funda- scallng Ire aélons Ip as that for tal si H_ov%e&err], dlSCORtInUOUS
mental efforts addressing monodisperse and polydispersel'0lecular dynamics (DMD) simulatio ave shown
grafted tails have also greatly assisted in elucidating the 12t the scaling relationships describing the lateral diffusiv-
block and microdomain characteristics of microphase- ity and relaxation time of polymer loops differ substantlall_y
ordered diblock copolymers and copolymer mixtGfeg® from those of polymer tails. Moreover, segmental density
Topics of particular interest in static tail and brush analyses profiles of loops exhibit greater ch(_;un stretchmg.than tails at
generally include equilibrium chain conformations and comparable surface_anchordensn_les. Thus, while loops may
be envisaged as tails of half chain length at levand N,

their conformational and dynamic characteristics may
*To whom correspondence should be addressed devi f h f tail h d - - f
t Present address: Simulation Sciences Inc., 601 Valencia Ave., Suite 100,d€VIate from those of tails when density saturation effects
Brea, CA 92823, USA become non-negligible.
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Figure 1 Discontinuous molecular dynamics (DMD) snapshot of a binary
mixture of single- and double-grafted polymer chaitail§ and loops
respectively) at an impenetrable interface. This snapshot shows the chain
in their near-initial bond-fluctuation (BF) simulation conformation for the

sake of clarity. Note that both chain species contain the same number of

repeat unitsi| = 40)

While systems consisting of either tails or loops at constant
N have been previously investigated (to different extents),
relatively little has been reported regarding the conformational
characteristicé°*°and phase behavioil*° of binary loop
or tail mixtures (each containing two isoconformational chain
species differing irN), let alone a mixture of loopandtails
grafted to an impenetrable interface. In addition to describing
a mixture of dual-end-functionalized loops and single-end-
functionalized tails of equaN (illustrated in Figure 1), a
loop/tail mixture is likewise applicable to the case of dual-

At the onset of each simulation, the graft sites of the loops
and tails are randomly placed inside the periodic cell at
equally spaced positions, the distance between which
depends on the number of chains employed in the
simulation, which, in turn, depends on the chosen surface
density ¢). The surface density, in conjunction with the
blend composition, also dictates the size of the system,
which ranged from 9 to 100 chains of lengtk) 20, 40 and
60 in this study. As described in detail elsewlrehe
polymer chains are initially arranged in an extended
conformation normal to the surface a&= 0. Accordingly,
tails start as straight chains Nfbeads perpendicular to the
surface, while loops begin as hairpinshbeads (i.e.N/2
beads comprise the sides of the hairpin normal to the surface
and connect at the top by a single bond of length 2). The
grafted sites remain stationary during system initialization,
but are subsequently allowed to diffuse laterally along the
surface during system relaxation and simulation to eliminate
any memory of their initial placement. The BF simulation
proceeds by first selecting a random bead on a random chain
and then moving the bead at that position by one step in a
random direction. The move is accepted if: (i) the resulting
bond vector remains in the set listed above, and (ii) the site
selected is not occupied by another bead (including its

*heighboring sites). Equilibrium is achieved in the simula-

tions reported here by adhering to the protocol established
earlieP? for polymer loops of constanN grafted to an
impenetrable interface (this protocol averages three inde-
pendent simulation runs and assures virtually constant chain
and layer characteristics).

RESULTS AND DISCUSSION

Segmental density distributions for loops ) and tails 6 ;)

in which [g° p,;dz=1 (i = | or t) andN = 40 are shown in
Figure 2for loop mole fractionsx;) of 0.00, 0.25, 0.50, 0.75
and 1.00 at a surface density) (of 0.11. (Since a loop is
grafted at two sites/chain, while each tail is anchored at only

end-functionalized chains in which only some of the chains one end, surface density is defined here in terms of the
SUCCE‘SSfu"y re-enter the |a.yer to atta.ch to the interface andnumber of Chainsﬂotgraft SiteS, per unit area.) Under these

consequently form loof& The objectives of the present
work are two-fold: (i) to ascertain the effects of varyiNgo
and mixture composition on the equilibrium conformational
and layer characteristics of grafted loop/tail mixtures

conditions, adjacent loops and/or tails are expected to
interact with one another by excluding available volume,
since the critical impingement density.(= 0.03 for a layer
composed solely of looped chaffisis exceeded. When<

through the use of BF simulations, and (i) to compare ;  isolated grafted chains (loops or tails) adopt a mush-
conformational and layer characteristics of such mixtures to rgom-like conformation since no volume constraints exist.
those of an analogous bidisperse mixture of grafted tails At higher o ( > o), within the ‘scaling’ regime, however,
differing in N by a factor of two. the layer densifies as the constituent chains become laterally
compressed. In this regime, the segmental density distribu-
tion of either tails or loops normal to the surface is
SIMULATION ALGORITHM predicted*1* to follow a parabolic trajectory. Such
The BF model, described in detail elsewhér&*3 was  distributions are evident ifrigure 2afor pure loops 4,
used to simulate mixtures of single- and double-tethered atx, = 1.00) and irFigure 2bfor pure tails p,; atx; = 0.00).
chains at an impenetrable surface in the presence of a goodAs x, increases from 0.25 to 1.00 ifigure 23 two
solvent. The 3D periodic cell used in these simulations characteristics of the resulting,, warrant attention: the
consisted of 50< 50 lattice parameters, and the cell height maximum density near= 0 decreases nonlinearly, whereas
was larger than the length of the longest chain fully the average loop extension (alorgy increases. These
extended along ther z direction (normal to the interface).  observations reveal that, in the presence of single-grafted
The BF model is an on-lattice Monte Carlo algorithm that tails, the double-tethered loops are forced to reside closer to
allows both bond length and direction to fluctuate according the surface than do loops in the absence of tails.

to the following restrictions: bond lengths must lie within 2 According toFigure 2h the shapes of the,; distributions

to /10 lattice parameters, and bond vectors are limited to the depend more sensitively on mixture composition than the
set{(2,0,0), (2,1,0), (2,1,1), (2,2,1), (3,0,0), and (3,1,0)} and shapes of the,, distributions Figure 2g. As the fraction of

all permutations thereof. Due to flexibility in bond length loops is increased from 0.00 to 0.75, the parabolic profile
and direction, the BF model comes close to emulating off- representative of a layer composed only of tails transforms
lattice simulations, although subtle differences rerfiaf into profiles exhibiting a peak density alon@ the vicinity
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Figure 3 The total segmental density distributions)(for the polymer
layers corresponding to the distributions presenteBigure 2 (using the
same symbols). The inset displays the fraction of segments residing in the
loop-rich inner sublayerf{) for the three mixtures examined here. The solid
lines serve as guides for the eye

at whichp, approaches zero. At distances beyond zhjs;
decays according to a parabolic trajectory so that the tail
] segments comprising the boundary sublayer adopt a more
unperturbed (relaxed) conformation alorzgthan those
z stretched segments restricted to the inner sublayer. For the

mixture used to generaféigure 2¢G the looped chains can
therefore be pictured as flattened mushrooms, while the tails
appear as interspersed long-stemmed broccoli.

The total segmental density profiles, associated with
the loop/tail mixtures shown ifrigure 2 are provided in
Figure 3 Each profile is the mole fraction averagepgfand
p,: normalized so thatf g p,dz = 1. The formation of a
structurally tiered monolayer becomes evident in these
distributions when the simple parabolic shape gffor pure
loops or pure tails) evolves into a profile exhibiting a kink,
10 20 30 40 50 60 which occurs for all of the mixtures examined here. Recall
that the layer with the highegt, near the surface (at= 0)
Figure 2 Segmental density distributions for (a) polymer loopsand consists of looped chains, reflecting the added conforma-
(b) tails (o) for five mixtures with different loop fractions¢(): 1.00 ©), tional constraint of a second graft site. On the basis of
0.75(@),0.50 (4), 0.25 (&) and 0.00 ©). In (c), the loop and tail segmental  gimilar considerations, the boundary layer residing farther

density distributions for one mixture(= 0.75) are presented t_ogether for from the surface is rich in tails. As the fraction of tails in the
direct comparison. Also labelled in (c) #s for the x; = 0.75 mixture. In ’

each case = 40 ando = 0.11. The solid lines serve as guides for the eye MiXtures is increased from 0.2% (= 0.75) to 0.75 %, =
0.25), it is reasonable to expect a proportional reduction in

o, hear the surface, since fewer chains possess two graft
where the corresponding,, vanishes. Moreover, the Sites. The results displayed Kigure 3are consistent with

magnitude and position of these peak densities (relative tothis €xpectation. Also shown in the insetfeigure 3is the
the interface az = 0) both increase with increasing loop fraction of segments residing in the inner loop-rich sublayer

concentration. These profile characteristics indicate that, for the three loop/tail mixtures discussed thus far. This
upon increasing;, the tails are effectively forced away from ~ fraction, denoted;, is calculated from

0.060

0.050

0.040
P 0.030

0.020

0.010

0.000
0

the interface due to loop-induced volume exclusion and z

adopt a more highly extended conformation along the JO P, dz

interface normal. Since the tails must adopt a stretched fi="%— 1)
(entropically unfavourable) conformation near the interface, JO p, 0z

they squeeze the loops closer to the interface, which
explains the composition-induced loop compression evidentwherez* is the position along wherep,; exhibits a max-
in the p,, distributions discussed abovEigure 23). imum andp, approaches zero (identified Figure 29.
Spatial competition between loops and tails consequently Since [5p,dz=1, the fraction of segments in the
appears to result in the formation of two sublayers: a denseouter boundary layerff) can be immediately obtained
inner sublayer composed of both loops and tails in close from 1 — f;. From the inset irfFigure 3 it can be concluded
proximity to the interface, and a boundary sublayer thatf; remains relatively constant at 0.5, and is therefore
consisting primarily of tails at beyond the inner sublayer.  not strongly dependent on the fraction of loops, for the three
Similar layering is predicted~°for bidisperse mixtures of  mixture compositions examined here.
tails grafted to an impenetrable interface. To facilitate  Shown in Figure 4 are extremum density profiles for
visualization of these distinct sublayers, thg and p,; loops and tails in the same mixtures describe#igures 2
distributions for the mixture possessing 75% loops are and3 (with N = 40 ands = 0.11). Hereextremunrefers to
presented together Figure 2c Note that, in this figuregp,, the two median beads (located at positidiid andN/2 + 1)
is relatively invariant with respect to position up4ce= 20 on looped chains and the end bead (locatel)abn tails.
and the maximum ip; occurs at almost the sarzes that According to the data ifigure 4g the median bead density
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0.080T In marked contrast, the shapes of the end-bead density
profiles for the tails 4.9 depend more sensitively on
mixture composition, as seen fifigure 4h When the layer

is composed of only tails, the corresponding end bead
profile also appears highly asymmetric, exhibiting an onset
at the interface position (at = 0) and a maximum at a
position alongz near the outermost surface of the polymer
monolayer (wherg, in Figure 3approaches zero). As the
concentration of loops is increased, however, the magni-
tude, butnot the position, of the maximum is observed to
increase, while the onset of the distribution shifts outward
(alongz) from the interface. This shift in the onset of the tail
end distributions in loop/tail mixtures reveals that the
probability of finding the end of a tail near the surface is
diminished substantially in the presence of an inner sublayer
consisting of looped chains. Such behaviour can have
commercial ramifications if the mixture under consideration
is formed by sequential dual-end-functionalized grafting, in
which case both ends of each chain attach in turn to the
surfacd’. From the results presented Figure 4a and
Figure 4h it is clear that the probability of forming loops
from polymer chains functionalized with sticky sites at both
ends decreases markedly as the concentration of loops
Figure 4 Extremum density distributions of (a) the two median beads on increases.
looped chains and (b) the end bead on tails for the mixtures described in  Local stretching of individual bond vectors can be
Figure 2 (using the same symbols). The solid lines are guides for the eye quantified through the cosine of the angle betweenjtine
bond vector and the direction normal to the surface; i.e.,
(Z+1—2)/(Irjs1 — ryl), wherer is the positional vector of
the jth repeat unit andz; corresponds to the normal
component of the positional vector. Since this ratio, denoted
as cogj, increases as the chains extend away from the
interface and the bonds consequently align normal to the
interface, it constitutes an excellent measure of local chain
stretching within the mixed inner sublayer. Shown in
Figure 5is the absolute mean projection of tfta bond
vector normal to the interface, denoté{tosf;)l, as a
function of bond positiorj along the chain backbone for
polymer loopsFigure 53 and tails Figure 58 with N =40
j ande = 0.11. As the concentration of loops in the loop/tail
mixture decreases and the loop-rich inner sublayer becomes
increasingly more compressed along the interface normal
(i.e., squeezed toward the surface), the loops cannot extend
freely from the interface, resulting in a reductiori(mosﬁj)l
with decreasing, as seen ifrigure 5a In similar fashion,
K{cos@))l for the tails within the inner sublayer are observed
in Figure 5bto decrease initially (foi < 20) as the loop
fraction decreases. At high, the tails residing in the inner
sublayer are forced to adopt a more locally extended
E conformation due to lateral chain compression, resulting in
0 00 %0 %30 %0 an increase ir{cose;)l. Within the outer tail-rich boundary

j sublayer [ > 20), however, mixture composition appears to

) ) ) have very little effect on local tail stretching, according to
Figure 5 Local stretching of the grafted (a) loops and (b) tails, as

discerned from the absolute mean projection ofjthéond vector normal the BF results dlsplayed Ifrigure 5h This observation

to the interfacel(cos®;)l), for the mixtures described Figure 2(using the @mplies t_ha_t the local stretching Of_the part of a tail residing
same symbols). The solid lines serve as guides for the eye in the tail-rich boundary sublayer is not greatly affected by

the enhanced stretching of the part of the tail within the

loop-rich inner sublayer. Thus, the local stretching of the tail
profiles for the loopsd,) are asymmetric when only loops  fraction within the boundary sublayer can be considered, to
are presentx; = 1.00). For a layer composed solely of a first approximation, independent of the inner sublayer.
looped chains, this feature indicates that most of the median The simulation results presented thus far illustrate how
beads lie near the outer surface of the layer due to volumethe segmental density and bond orientation distributions of
exclusion considerations. Ag decreases and the looped polymer loops and tails vary with blend composition at fixed
chains are squeezed toward the surface, the positionN ( = 40) ando ( = 0.11). In this section, we explore the
corresponding to the maximum ipn,, is seen to shift dependence of chain/layer properties on composition, chain
towardz = 0, and the shape of the distribution becomes length and surface density. Displayed Rigure 6 is the
more symmetric about its maximum. composition dependence of the first moment of the
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Figure 6 Average layer height<a)) of the loop (open symbols) and tail
(filled symbols) sublayers provided as a function of mixture composition
(x)) for the cases ofd) 0 = 0.16 and i) N = 40. In (a), three values &f are
examined: 20 (circles), 40 (triangles) and 60 (diamonds). In (b), four values
of ¢ are shown: 0.06 (circles), 0.08 (triangles), 0.10 (diamonds) and 0.16
(inverted triangles). The solid and dashed lines for tails and loops,
respectively, are guides for the eye

segmental density profile, denoteff), which is an
established measure of the polymer layer heigdit i is
defined by

J: Zo,(2) dz

@="=
JO po(2) dz

)

In Figure 6a (2 is provided as a function of, for both
polymer loops and tails of varying chain lengtN & 20,
40 and 60) at = 0.16. It is immediately apparent from this
figure that an increase iN results in an increase i) of

70 —
*r % ]
o °[ Tails ]
>b\ 40 - e
Y08
[ AnEigggg ]
20} Loops™--alllTiTTi
a1 PR ST ST S S B 'Y
0.20 0.30 0.40 0.50 0.60
0.1/3

1/3) 13

Figure 7 Variation of the reduced average layer heigh¥¢™") with o
for tails (top) and loops (bottom) at different loop fractiong:(1.00 ©),
0.75 @), 0.50 (1), 0.25 (o) and 0.00 ¢). The critical impingement density
is exceeded (and the scaling regime entered) wigya'® becomes
independent ofc®. The solid and dashed lines for tails and loops,
respectively, serve as guides for the eye

presented. Hergz) is seen to increase substantially with
increasingo at constank, and, to a lesser extent (especially
at low 0), with increasingx, at constant. These trends can
again be attributed to chain packing considerations, since an
increase ins will generally induce greater chain stretching
away from the interface due to the increase in excluded
volume upon layer densification.

According to the predictions of classical self-consistent
field (SCF) theory® for a polymer brush (i.e., a concentrated
layer of tails),(z) scales adlo®>. Recent DMD simulations
have demonstratédl that, at constantN, polymer loops
grafted to an impenetrable interface obey this relationship
within the ‘scaling’ regime. Shown iRigure 7is (/o as a
function of ¢® for each of the loop/tail mixtures examined
in the previous sections (witk held constant at 40). Scaling
behaviour is observed in this figure whe@/c'® is
independent o&'%, which occurs at relatively large for
both loops and tails at all mixture compositions. Below the
onset of the scaling threshold (where< o), (/0 varies
with o since(z) is nearly independent af, indicating that
interchain interactions are virtually absent. Each chain
therefore behaves as a random coil, adopting a mushroom-
like conformation, and2 only depends oi\.

An alternative method for establishing the ‘scaling’
regime for grafted polymer chains is through the use of the

both the loop and tail constituents due to conservation of normal component of the radius of gyratidRy), which is

mass. Another feature of this figure is tHat appears to
increase monotonically with increasing at constantN.
This trend can be explained in terms of chain packing
when we consider two different modes of chain compres-
sion that compete ag is increased: (1lateral compression

due to an increase in effective surface density, and (2) both loops and tails is not dependent K

normal compression due to an increase in the entropically
unfavourable stretching of tails. Asis increased, compres-

sion of the loops within the inner sublayer along the inter-
face normal is gradually alleviated, allowing the loops to

another measure of chain extension along the interfacial
normal and which is also proportional to the layer heidpnt (
Figure 8 displaysRy/No"® versus N for chains with
different N at a single mixture compositiorx,(= 0.50).
The mixture exhibits scaling behaviour wheg,/No™* for

3 The onset

of the scaling regime in this figure appears to occur at
larger values oNo™ asN is increased. Also provided for
comparison irFigure 8are results obtained from pure loops
and pure tails witiN = 40. It is important to recognize that

extend and fill space as they would ordinarily, in the absence RgZ/Na”3 for the pure tails is less than that for the tails in the
of tails. Loop extension also increases in this case due t050/50 loop/tail mixture, revealing that the tails in the

more lateral chain compression arising from impingement

mixture are stretched further away from the interface.

of neighboring loops. The tails, on the other hand, are forced Conversely, sinc&gZ/Nol’Sfor the pure loops is greater than

to stretch further away from the interface xasand, conse-
quently, the height of the loop-rich inner sublayer increases,
as reflected by the increase(n for the tails inFigure 6a
Figure 6aalso reveals that this relationship betwéBrand

X, for both loops and tails becomes more pronouncedl as
becomes larger. IrFigure 6k the variation of(z) with
respect tox, and surface densitys)] at constantN is

that of the loops in the 50/50 mixture, it can be concluded
that the looped chains in the mixture are compressed, lying
closer to the interface than they normally would due to the
presence of tails.

Since loops are often considered as tails of half chain
length, we have elected to compare the BF simulation
results obtained here for loop/tail mixtures with SCF

POLYMER Volume 39 Number 25 1998 6343
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Figure 8 Reduced average layer heights for loops and tails, expressed in Figure 10 Comparison of the total segmental density distributions from
terms ongZ/NJIB’ as a function oNo™? for one mixture § = 0.50) and BF simulations Q) a_nd S_CF_the_ory (equation (4)) for a b|d|spe!'se_m|xture
three differentN: 20 (O, loops; ®, tails), 40 (., loops:; A, tails) and 60 of short and long tails differing in length by a factor of two (solid line). As
(©, loops; #, tails). The tails and loops exhibit scaling behaviour wRgs in Figure 9 N = 40,0 = 0.16 andx, = 0.50. The dashed line connects the
No % is independent dia>. Also shown for comparison are valuesRyf/ simulation results and serves as a guide for the eye

No'® for pure loops ¥) and tails §) with N = 40. The solid and dashed
lines are provided as guides for the eye

where
1/3
3 2/3 7r2a3 -
5%q (8pv [1-Z] O=z=hs .
0.060 ——————T——T——T—T— 2=
i ] Pz() 3 7r2a3 13 ( )
0080 ] 0| o) [1-w@)] hs=z=h
' 2 8pv
0.040 -. 4
P. 0ozl ] Molecular properties referred to in equations (3) and (4) and
Z = ) equation (4) include the monomer leng#), the chain stiff-
0.020 1 ness parametemp) and the second virial coefficienv)(
o.010k ] Values ofa and the produgbv used in the SCF calculations
N\ that are compared with the BF simulation results obtained
0.000 ——t ot b here are, according to the results of Lai and Zhufirfd 2
z and 31.2, respectively. The sublayer heights employed in

' ) R these equationd(, k = S or L) are given by
Figure 9 Comparison of segmental density distributions for logps ©)
and tails p,, A) from BF simulations and SCF predictions (equations (3a) hs=hy(1— XE/3)JJ2 (5a)
and (3b)) for a bidisperse mixture of shast §) and long ) tails differing
in length by a factor of two (solid lines). In this ca$é= 40,0 = 0.16 and 13
¥ = 0.50. The dashed lines connect the simulation results and are guides for h. = ho(l + X (5b)

the eye where h, = (8puoeT9)"*Ns. Lastly, z, is defined aszh,,
and the functioru(z,) is evaluated from
_ —(1— )1 — X3 L2
predictions for a bidisperse mixture of tails of lengtis uz)= %~ alz — (1= )= X (6)

2
andNsg, whereN_ = 2Ng and the subscripts refer to long (L) o 1=« ) .
and short (S) tails. The SCF theoretical framework chosen Predictions fop,s, 0, andp,based on this SCF theoretical
for this Comparison is that proposed by Lai and Zhuifha framework for a mixture of b.ldlspe.rse gr.afted tal_'S (Wlth
Following their derivation,o accounts for chain length ~«=1) are compared to BF simulations kigure 9 (indi-
disparity and is defined adN( — Ng)/Ns. In the present  Vidual segmental density distributions) afiggure 10(total
analysis of loop/tail mixturesy = 1 for all cases. Since each ~ segmental density distribution) for a single mixture in which
looped chain corresponds to two short tails, the equivalentN= 40,0 =0.16 ¢q=0.11) and, = 0.50 _=0.33). Itis
SCF surface densityofy) is given by o(1 + x). It clear fr(_)m both of_these figures that the SCF predlctlons for
immediately follows that the fraction of short chaing)(  the bidisperse tail mixture agree very well with the BF
in the equivalent bidisperse tail mixture i%Z1 + x,), and simulations obtained here for the grafted loop/tail mixture.
the corresponding fraction of long chaing)is 1 — Xs. The The _prlnC|p_aI dl_ffe_rence between the SCF predlctlons and
SCF-predicted segmental density profiles for the long and BF simulations inFigure 9appears to be a sharp demarca-

short tails ()ZS andp,, respective|y) are tion athgin the SCF formalism. This predicted feature is a
' ’ consequence of the assumption made in the formalism that
3 2\ V3 the constituent chains completely demix (which is only rig-
pzs(2) = ;Oech’<8—v> 1= -Z+(1-2) orously true in the limit of infinitely long chains). It is
P important to note that the SCF predictions kigure 10
\/m cor.rectly show a kink ino,2) in the vicinity o.f z = 26,
x tan~ ! 873 (33 which corresponds to the crossover from the inner sublayer
hox to the boundary sublayer.

In addition to the segmental density distributions shown

02 —pz5(d O0=z=hg in Figures 9and 10, the extremum density profiles (i.e. the
p2L(D= (3b) distribution functions of the two median beads in looped
(2 hs=z=h, chains and the end bead in tails) obtained from BF
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Figure 11 Comparison of the extremum density distributions for the two
median beads on looped chaipg,() and for the end bead on tails() with
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Figure 12 Reduced average layer heig¥s** as a function ot for

the same mixture as is describedrigure 9(using the same symbols for the

SCF predictions (equations (7) and (7)) for the end bead of each tail speciesSimulation results). The dashed lines are guides for the eye, but the solid
in a bidisperse mixture of short and long tails differing in length by a factor lines correspond to SCF predictions (equations (8) and (8)) for a bidisperse
of two (solid lines). The symbols and conditions are the same as those usedmixture of short and long tails differing in length by a factor of two

in Figure 9

chains in both sublayers impinge upon themselves within

simulations and SCF predictions are also compared here this (the scaling) regime. Self-consistent field predictions

According to Lai and Zhulin®, the functions for these
profiles p.s and pe,, respectively) in a bidisperse tail

mixture are
3zy/h2 -7

Pes(d = L—x)h, O0=z=hsg (7a)
(2= 3u@)V1-w(z) |, oz
Pl T A= D, VZ - (1)
hs=z=h_ (7b)

Figure 11lreveals that the SCF predictions produced with
equations (7a) and (7b) are again in good agreement with

the BF simulations for the median (loop) profile.() and
the end (tail) profiled. ) obtained for the same mixture as is
discussed irFigures 9and 10. As in Figure 9, the primary
difference between the simulated valuesdgi andp;and
the predicted values for, sandp, in Figure 11is the sharp

for (25 and (2, are also included (as solid lines) in
Figure 12 These predictions, obtained from equations (8a)
and (8b) with no adjustable parameters, slightly overestimate
the BF simulation values fdg) of single-grafted tails in the
scaling regime, but underestimate (by approximately the
same amount) the simulation values{@rmf double-grafted
loops in this regime. As pointed out earlier, the differences
evident inFigure 12between the BF simulation results for
loop/tail mixtures and the SCF predictions for an equivalent
bidisperse tail mixture once again reflect the SCF assump-
tion™® of a sharp sublayer boundary (af) due to complete
chain demixing.

CONCLUSIONS

Bond-fluctuation simulations have been performed in this
study to investigate the equilibrium conformational proper-
ties of binary mixtures of polymer loops and tails grafted to
an impenetrable interface. Such mixtures are representative

demarcation between the sublayer boundaries that resultssf physical mixtures of ordered cyclic and linear diblock
from the SCF formalism. In contrast, the BF simulations copolymers of identical molecular weigfit’, and can be

in Figures 9and 11 are seen to exhibit smoother, more
diffuse boundaries.

used to glean insight into the layer characteristics of grafted
chains possessing a second adsorbing’effthe segmental

Expressions for the heights of the inner and boundary density distribution and layer height results obtained here
sublayers in a bidisperse tail mixture have also been derivedreveal that the presence of tails in loop/tail mixtures serves

by Lai and Zhulind® in terms of the first moment of the
segmental density profile§z)):

3h,
(2s = 4r(1—x)
/T <23
X l(x,’_’3 —2x)1/1—x*+tan"! (%)]
(8a)
— 3o 13 2,43 0‘(1—XE/3)2
(2= 8X|_(l—|—a){1+axl' +oX, +oatX T+ -
i TX0)] - @—x)@s @b
1+ x3 X (14 )

Figure 12displays(z/c*® as a function ot for mixtures

with N = 20 andx, = 0.50. As seen earlier iRigure 7, (2)/c ">
for both loops and tails in loop/tail mixtures becomes
independent o&* at relatively larges, indicating that the

to force the loop-rich inner sublayer to lie closer to the
interface. The loops, on the other hand, force the single-
grafted tails to extend (stretch) further away from the
interface. The crossover from the mushroom regime
(wherein the chains remain isolated and noninteracting) to
the scaling regime (wherein chain impingement is respon-
sible for lateral chain compression) appears to occur at
comparable surface densities for both the loops and tails in
the loop/tail mixtures examined. Simulation results for loop/
tail mixtures are in favourable agreement with predictions
from the self-consistent field formalism proposed by Lai and
Zhulina*®for bidisperse mixtures of grafted tails differing in
length by a factor of two.
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