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We study the adsorption of random heteropolym@&idP9g on disordered multifunctional surfaces.
Recent replica calculations suggest that when the statistics describing the sequence distribution and
the surface site distributions are related in a special way, a first-order adsorption transition occurs in
such systems. This phenomenon of recognition between RHPs and disordered surfaces due to
statistical pattern matching is studied via Monte Carlo simulations and a simple nonreplica theory.
The theory serves to elucidate the simulation results, and suggests that the origin of the first-order
adsorption transition is the suppression of loop fluctuations due to competing interactions and the
guenched disordsdii.e., frustration. © 1998 American Institute of Physics.
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I. INTRODUCTION evolution has led nature to specific pattern matching, can a
sharp adsorption transitigine., recognition occur when the

Polymer adsorption has been studied extensively be§tatistics that describe the RHP sequence and the surface

cause of its impartance in applications, and interest in under§ites obey a particular relationship? In other words, is match-

e o 7S, P el statis e for recogiion?
u . udies, however, hav u The physics of RHPs has excited much interest in recent

adsorption of homopolymers and diblock copolyméis a years (e.g., Refs. 8—12 One reason for this is that they

review, see Ref. )l in other words, polymers with ordered constitute a special class of soft matter wherein a quenched

sequence distributions. In nature, protein adsorption is Oﬁeaisorder(the sequence distributipris carried by the fluid
associated with specificity or pattern matching. This is to sa . ) . .
P yorp 9 hose statistical properties are of interest. This feature lends

that particular proteins adsorb on a given substrate and n . ) S : .
on others. A question one may ask is: What generic physice{f‘em many interesting properties, including the existence of

features does nature exploit in order to mediate such patterfiﬁtrans't('jOn wh_erehnbbelo;/v a(;:ertgun tempefraturei%;e hproper-
recognition between polymers and surfaces? There seem 7S &€ determined by a few dominant conformationghis
be two main features, multifunctionality and disorder. pro-ransition is akin to the protein folding transition. The inter-

teins are made up of more than one type of monomer, and afﬁ;\cial behavior of RHPs has also been studied in a few con-

coarse-grained models show that the sequence distribution {€XtS: their behavior near homogeneous surfaces and those
disordered3 Furthermore, the surfaces on which adsorptionith ordered pattemnée.g., Refs. 13—18as well as their role
occurs also usually contain sites of more than one type afl Strengthening polymer—polymer interfat®® have been
ranged in an aperiodic manner. investigated. o _

The above observation motivates the following question. ~ The behavior of homopolymers in disordered media has
Can one take a lesson from nature and exploit multifunction@/S0 been studied extensively following the pioneering work
ality and disorder to achieve pattern recognition betweer®f Muthukumar, Edwards, and Baumgartiterg., Refs. 21—
polymers and solid surfaces in abiotic applications? In orde?d- Muthukumaf* has also considered issues related to pat-
to address this question, the simplest system that one cdfrn matching between polyelectrolytes and surfaces bearing
study is the adsorption of random heteropolyn(@&siPg on  ordered patterns. RHPs in three-dimensional disordered me-
disordered multifunctional surfaces. RHPs are multicompodia have also been consider&d?’
nent polymers with a disordered sequence distribution. Thus, Recently, a replica field-theoretic analysis was carried
they embody multifunctionality and disorder. The disorderedout to examine the simplest possible scenario for RHPs in-
sequence distribution is characterized by a statistics that kracting with disordered surfacERHPs made up of two
ultimately related to the chemical identity of the segmentskinds of units(A and B) were considered to interact with a
that constitute the chath.Surfaces that contain multiple surface functionalized with two kinds of sites; one type of
types of sites arranged in a disordered manner occur in ngite preferred to interact with segments of type A, and the
ture and can also be synthesiz@dg., Refs. 5-)¢ The dis- other exhibited the opposite preference. The bare RHPs were
ordered arrangement of sites can also be characterized bytaken to be Gaussian, and in order to examine the essential
statistics. Studying the adsorption of RHPs on such surfacgshysics, the sequence and surface site fluctuations were con-
can therefore address the following intriguing issue. Whilesidered to be Gaussian with short-ranged correlations. A

1676 J. Chem. Phys. 108 (4), 22 January 1998 0021-9606/98/108(4)/1676/7/$15.00 © 1998 American Institute of Physics

Downloaded 30 Oct 2003 to 128.32.198.12. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/jcpoljcpcr.jsp



A. K. Chakraborty and D. Bratko: Recognition between heteropolymers and surfaces 1677

mean-field theory with a one-step replica symmetry breaking
(RSB) scheme showed that indeed a sharp adsorption transi-

tion occurred when the product of the widths of the two o
statistical distributions acquired a threshold value. In other Y
words, recognition occurs when the statistics of the two dis- o °
tributions are related in a special way. o

In order to investigate this phenomenon further, we have
carried out extensive Monte CarldgMC) simulation
studies’®**° The simulation studies have been carried out us-
ing the nondynamic ensemble growth method. The results
show that the basic physics revealed by the replica mean- 00 o 10 15
field theory is correct. When the statistics of the RHP se- 9,
quences an.d the distribution Qf sites are related in a SpeCI%'IG. 1. MC simulation results for adsorbed fractiq){ filled circles, and
way, th_(:fre is a sharp z_adsorp_tlon transitidhe hallmark Of_ x (defined in the tejt open circles as a function of loading; .
recognitior). The MC simulation results have been carried
out for situations far more complex and interesting than the
simplest scenario studied via replica field theory. Correlatedurface. For the results that we show here, in the absence of
fluctuations in sequence and surface site distribution statishe surface, the intersegment interactions are merely ex-
tics have been studied, and RHPs have been shown to kfuded volume constraints. The process of growing chains is
able to discriminate between surfaces with different statisticontinued until chains with desired lengtN) are obtained.
cal patterngi.e., recognition.* For M>N, a canonical distribution results, and properties

In this paper, however, we focus on some details of thesre computed as nonweighted averages over the ensemble. If
physics revealed by the simulation studies. In order to do stecessary for accuracy, many populations of the same se-
we will restrict attention to a few simulation results for the guence are simulated. The same procedure is then repeated
case wherein both sequence and surface site fluctuations egr several realizations of the quenched sequence distribu-
hibit short-ranged correlations, and the composition is symtion. Averages over different realizations of the disordered
metric. These results suggest that while the replica fieldites are computed in two ways; by employing analytic
theory’® revealed the phenomenon of recognition due to stapreaveraging over the surface disorder or by explicit
tistical pattern matching correctly, it may be lacking in de-quenched averages over disorder realizations. Both ap-
tail. Here we develop a simple nonreplica model that seemgroaches lead to statistically equivalent results when suffi-
consistent with some of the details of the simulation reSU|tSCient|y large surfaces are simulated. Simulations have been
This simple theory is physically more transparent than thesarried out foN= 32, 64 and 128; most detailed results exist
replica theory, and points to the essential origin of why thefor N=32. Typically, M equals 64 000 in our simulations.
adsorption transition is sharp in this casecall that adsorp- Consider RHPs with two types of segmergay, A and
tion transitions are continuous for polymers with ordered seB) interacting with a surface bearing two types of sites with
quence distributions The theory is inspired by a similar A preferring one type of site and B the other. Let the RHPs
model developed by Pand al®! to describe protein fold- have fixed sequence fluctuation statistics. For sequence fluc-
ing. We hope that this simple theory can be employed tquations with short-ranged correlations this is tantamount to
guide experiments. fixing the width of the distributiorfor average composition

The rest of this paper is organized as follows. In Sec. Il,The statistics of the surface sites is also measured by the
we briefly outline the simulation results that prompt the de-width when the distribution exhibits fluctuations with short-
velopment of the simple model. In Sec. Il the model isranged correlations, with the varianag being directly pro-
developed, and this is followed by a discussion in Sec. IV portional to the loading of surface sites. By loading, we
Brief concluding remarks are offered in Sec. V. mean the fraction of the surface area covered by interacting
sites. Let us examine the adsorbed fraction of RHPs with
fixed sequence statistics as a function of the loadmga-
sure of the surface site distribution statistiddote that the

The simulations have been performed on a cubic latticdoading can be experimentally manipulatedg., Refs. 5 and
using the ensemble growth MC meth@f?>*A particular ~ 6).
sequence is first drawn from the statistical distribution under  Figure 1 depicts the pertinent simulation results. We find
considerationM monomers are then placed randomly with that when the loading exceeds a threshold value, a sharp
Boltzmann statistics dictating the positional probabilities.adsorption transition occurs. In MC simulations, we can
We then attempt to add a segment of type A ofaB speci- measure a quantity= 1—EiPi2, whereP; is the probability
fied by the particular sequence that has been chagethe  associated with conformatian When a multitude of surface
end of each monomer. Of thesévi6trials, M dimers are conformations are sampled, is asymptotically equal to
chosen with Boltzmann probabilities. The potential energy ofunity. However, if only a few dominant conformations pre-
each conformation is determined by intersegment interacvail, x acquires values less than unity. Thus, whkenl, the
tions and interactions with sites that comprise the disorderethermodynamics is determined by a few dominant conforma-

Il. OUTLINE OF SIMULATION RESULTS
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FIG. 2. MC simulation results for the fluctuations in adsorbed fraction, FIG. 3. MC simulation results for the fluctuations in energy(,5€)%)), as
({(8p)?)), as a function of surface loadingy . Also included is the ad- a function of surface loadingr;. Also included is the adsorbed fraction
sorbed fraction'§), dashed line. (p), dashed line.

tions. Figure 1 shows that the sharp adsorption transition i§ery small (i.e., very few dominant conformations are
accompanied by acquiring values less than unity. These adopted only after the adsorption transition occurs.
simulation results are consistent with a previous replica field  The aforementioned details that do not seem to be ex-
theory that predicted a first-order adsorption transition acpjained by the replica theory motivate the development of a
companied by replica symmetry breakifige., freezing into  complementary theoretical model that is described in Sec.
a few dominant conformations . 1. The model is conceptually very simple, and sheds light
The physical reason underlying this adsorption transitioryy the essential physics. It predicts the phenomenon of sta-
appears to be the following. When the statistics of the RHRjstical pattern matching first revealed by the replica theory,

sequence fluctuations and that of the surface site distributiognq a1s0 seems to explain some of the features noted above.
are related in a particular walvide infra), a few pattern-

matched conformations become energetically much more fa-
yorable than all others. By pattern matchgd, we mean a reqy MODEL DEVELOPMENT AND THEORY
istry between segments and the type of sites that they prefer.
Thus, at this point the RHPs give up entropy in order to take  Again, we consider the interaction of a RHP chain made
advantage of the substantial energy gain associated withp of A and B segments interacting with a surface function-
sampling a few pattern matched adsorbed conformationslized with two type of sites which are such that the A seg-
This leads to the sharp adsorption transition, which mimicsnents prefer to interact with one type of site more than the
recognition when the statistics are matched. The replicather, while the opposite is true for the segments of type B.
theory?® and the simulations, however, do not provide clearTherefore, if a segment adsorbs, there are two possible types
physical insights regarding the phenomenespecially, on of contacts; good contactthose that find a prefered type of
the issue of why the transition is sharp site) and bad contacti&hose that do not adsorb on a prefered
While in broad terms the exciting physics revealed bytype of sitg. In order to formulate a simple theory, we now
the replica theors? is borne out by our MC simulation re- develop an expression for the free energy density as a func-
sults, a detailed examination indicates that some features atien of the coarse-grained order parameters that measure the
not captured by the replica theory. Consider, for exampletotal number of sorbed segments and the number of good
the simulation results shown in Figs. 2 and 3. Here the fluceontacts. Minimization of this free energy density will yield
tuations in adsorbed fraction and in the energy are showa mean-field theory.
superimposed on the profile fgr. We find that{(5p)?) Consider the energy first. In the spirit of examining the
exhibits one peak coinciding with the sharp adsorption transimplest model, we consider the chain to be noninteracting in
sition. This peak grows in size and narrowsN\ass increased the absence of the surface. This allows us to examine the
from 32 to 64 and 128. This is consistent with a first-orderbasic physics of RHPs interacting with disordered multifunc-
transition in finite size simulationéve have deemed three tional surfaces. Also, it can be shown that excluded volume
chain lengths inadequate for estimating and reporting a finitinteractions do not change the qualitative phystosur MC
size scaling exponent Interestingly, however, the energy simulations enforce excluded volume constraints, and the
fluctuations exhibit two peaks; one that coincides with thesame physics is observed. If distinct types of intersegment
sharp adsorption transition, and the other that occurs dhteractions are includet,then the competition between in-
higher values ofr;. The replica theory does not predict the tersegment interactions and segment—surface interactions
second peak for the energy fluctuations. Closer examinatioleads to richer behavidincluding the sharp adsorption tran-
of the simulation results also shows thatacquires values sition, howevey. For the bare chains being Gaussian, the
less than unityafter the sharp adsorption transition. Further, energy for a given number of total contacts with the surface
the simulation results also show that fluctuations becomép) and the number of good contacts)(is
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E Once these formulas are available, as we shall see, it is rela-
T ~L[49E+PE], (1) tively straightforward to combine them properly to reflect the
physics under consideration.
whereE is the energySE is the energy difference between Let us begin with the quenched loops. The loop factor
good contacts and others, akqg is the energy associated associated with a loop of lengthreturning to the plane with

with making bad contacts. the two ends separated by a distadcis

In order to obtain the free energy we now need to com- c 42
pute the entropy for a chain of lengtk with p adsorbed P(n, d)= —p exr{ -, (5)
segments, of whicly are good contacts. This entropy is a n 2nb

sum of three contributions that stem from different physicalwherec is a constant related to chain flexibility, ahds the
effects. First., there is a ”miXi”Q" entropySy;) associated statistical segment length. We have written E5). for the
with alternative ways of choos_lng adsorbed segments out a6 chajns being Gaussian since we are considering such a
of a total of N. Second, there is the entropy 1083,4) @S- gy ation in order to describe the essential physics. The loop
sociated with the adsorption of a chain segment. Finally¢, oo for quenched loops depends upon the statistics of the
there is the crucial part of the entropy associated with thgeqence and surface site distributions. For example, for the
formation of loops §eop). Formally, we may write simplest case of surface and site fluctuations with short-
—c . ranged correlations, the way in which depends upon the
SP.Q. )= St Saast Soop- @ statistics of the disordered surface d8~ 1/02, wheres? is
For S, we make the simplest possible estimate, i.e., the width of the distribution(simply related to the average
S loading. If there areq quenched loops, then the average
g'x =—pinp—(1-p)in(1-p), (3)  length of the quenched loopsh¥q. Later, we shall see that
the number of quenched loops, and hengevill depend on

wherep is the fraction of adsorbed segments. Equati@n the statistics of the RHP sequence distribution. For now, for
does not account properly for chain connectivity, and hencd duénched loops, using E€p) and the considerations noted
overestimates the mixing entropy that we seek. However, adbove, we can write down the entropy to be

in all polymer problems, the important physics is contained g aq?

X ) ) quen loops — —3/2\

in the loop entropy, and so we take this simple form for ~ —— =aIn(Cq~*) 20252 (6)

Smix . !
The entropy loss associated with segmental adsorption iwhereq=q/N, anda is a constant.

well-known2® and we write it in the usual way: Now consider the entropy associated with forming an-
S nealed loops only. We note again that we shall consider the
Jads_ —wp, (4) problem of simultaneously forming both quenched and an-
N nealed loops after we derive formulas for the entropic factors

for each type of loop. In order to compute the entropy asso-
conditions ciated with forming annealed loops only, consider the well-

We now consider the most important part of the entrop)}mown problem of a homopolymer interacting with an attrac-

calculation, viz. the computation of loop entropy. In Ourtlve surface with an energy bonus associated with segmental

problem, there are two types of loops. There are those loop
that are associated with forming good contacts at both end§,

and those that are associated with forming the other contact? the attractive surface. The effective energy bonus associ-

These two types of loops are fundamentally different in Char_ated with segmental adsorption is then calculated in the usual
acter. For loops associated with good contamtly certain y as
loop lengths and distances (on the two-dimensional surface) o
between the ends of the loops are allowEkese lengths and B= fo de *?@/KT—1], (7)
distances are determined by the statistics of the chain se-
guence and surface site distributioi$ws, because of com- where Ing is the effective energy bonus.
peting interactions and quenched disorder, loop fluctuations  In this problem, the loop lengths and distances between
that are characteristic of unfrustrated polymer adsorptionloop ends can fluctuate with only the constraint of a fixed
are suppressed.oops associated with contacts that are nottotal chain length. Thus, it is most convenient to work in the
good are not restricted in this manner, and the usual fluctuagrand canonical ensemble. In order to obtain the entropy
tions in loop length and distance between loop ends on theorresponding to a given number of annealed loops, we fol-
surface occur. For ease of reference, we shall label these twow a method adapted from Ref. 37. In this reference the
types of loops as quenched and annealed loops, respectivebntropy for chain adsorption on to a three-dimensional point
We need to compute the entropy associated with botlpotential has been computed. Adapting this method, and ex-
these types of loops when they coexist. In order to do so, thploiting the symmetries in our problem, we find that the
first step is to be able to compute the entropy associated witBchralinger-type equation corresponding to the problem un-
each type of loop when it is the only type of loop that exists.der consideration is

wherew is a constant related to chain flexibility and solution

verywhere except at the surfaeeis the coordinate normal
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[1+88(2)19¥(2)=\(2), (8)  observation that the chemical potential for annealed loops

. . __must be the same in each quenched loop implies that the
whereg is the standard connectivity operator, and the eigengoncentration of annealed loos,= (No. of annealed loops/
function (¢) and the eigenvalué\) have their usual mean- length of the quenched loppmust be the same in all
ing. Upon Fourier transformation, very simple manipulationsquenched loops. Note that[if is the total adsorbed fraction
(see Ref. 3yof Eq. (8) lead us to the following relationship and(q the fraction of good contacts, than=p—q.

betweens and\: b d

The above remarks allow us to write down the loop fac-
1 1 g(k) tor for quenched loops, with each quenched loop containing
==5= f dk—— =, (9)  the appropriate concentration of annealed loops. Thus, we
B 2w [A—g(k)]
can compute the entropy for quenched and annealed loops as
wherek is the Fourier variable conjugate 0 a function ofp andq. We find
Our strategy now is the following. We will first compute
the eql_JiIibrium value of the number of annealed Iooﬁ’s_a ( Sloopszabn P(llq—’d)Jrl_s(E) ’ (13)
for a given energy bonus per segmentBIinThen, we will N q

compute the corrgsponding entropy, thereby obtaining th_@vhereP is the probability written down in Eqg5) and (6),
_entropy as a fun_ctlon of the number of annealed loops. Th'%mds (p2) is the entropy of annealed loops with concentra-
is the relationship that we seek. . __ tionp, divided byn. s (p,) is obtained from Eqg9) to (12)

Let Z (N,P) be the partition function for a chain of \jiun one minor modification. These equations were derived
Ieng_thN W'th. P annealeq loops. Then, we can define a gen'assuming that the surface was uniform. In the physical situ-
erating functionz (N, 8) in the usual way ation at hand, there is an entropy loss associated with the fact

that adsorption can only occur on the sites on the surface.

Z(N,,B)ZEP: BFZ(N, P). (100 Thus, we account for an entropy reduction that is related to

the total surface loadingproportional to Ins?).
For the situation at hand, ground state dominance is appro- Combining Eqgs.(1)—(4), and (13) we obtain the free
priate, and so using a saddle point approximation, substituenergy densityf, as a function op andq,
ing Eq.(9) for B, and noting thakN=z(N, ), we obtain the

following relationship for the equilibrium value of the ad- | ~d9E+(@+E)p+pIn p+(1-p)in(1-p)

sorbed fractionP/N for the annealed situation we are con- S aq? 1, b2
sidering: —qIn(Cq™)+ Zgibz—S(D—Q)—(p—Q)ln o1
P_1 Jdkg(k/[A—g(K] @1 (14

N X fdkg(k)/[A—g(k)]? S —
However,p andq are related by the fact that the number of

Now we are ready to compute the entropy. Noting that thegyood contacts equal the total number of contacts multiplied
free energyF, equals—N In A, and that Ing is the energy by the probability of finding a good contact. This is to say
bonus for adsorbing a segment, we obtain the entr@ywd  that

be _
q=pPy, (15

1 k
> f dk )\?(—)k} where Py is the probability of finding a good contact. At

& [x=a(k)] infinite temperatureP, is simply related to the statistics of
(120  the sequence and surface site distributions. For example, in

Equationg9), (11), and(12) can be solved simultaneously to the case of yr?correlated fluctgatmns N sequence and site
establish the relationship between the entropy and the nung_lstrlbutlons, it is simply proportional to the width of the two
ber of contacts® for annealed loops Gaussian distributions. Simple combinatorics can be used to

Having computed the entropy of quenched and annealegetermine similar relationships for correlated fluctuatids.
loops separately, we are now in a position to compute théelatlon for the probability of finding good contacts at infinite

loop entropy when both types of contacts between RHPEMperature that seems to describe all qualitative aspects of
chain segments and surface sites occur. the simulation results is2,,P.(m)Ps(m), whereP, andPg

On physical grounds, it is clear that the total number ofdre the probabilities of finding a block of like segments of

contacts with the surface must be greater than or equal to ﬂlgngthm and a patch of sizen on the surface, respectively.

number of good contacts. This, in turn, implies that the an-At finite temperatures, such relationships must be weighted

nealed loops live within quenched ones. Since the redistribut—’y,th,e free energy associated with making good contacts.
tion of annealed loops among quenched ones must be unco-rl;h'S is to say that

strained, the chemical potential of annealed loops must be e BFq

the same in each quenched loop. Of course, the chemical Pg=Pg PlePrat (1—P/)e Pra’ (16)
potential in question is easily computed from E.to (12) g g

as it equals- 9S/dP. One finds that the chemical potential is wherePy is the probability of making good contacts at infi-
a monotonic function ofP. This fact combined with our nite temperaturef-, andF, are the free energies associated

—=——+—==InA—=1In
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site statistics are related in a special way. The quantities,
P.(m) and P,(m), which have been defined earlier, can be
easily computed from the sequence statidfietated to RHP
chemistry and synthetic roytand the surface site distribu-
tion statistics. After the first-order adsorption transitiap,
still remains smaller thap; however, at this stage a prepon-
derance of the contacts are good ones. The theory predicts
that this first-order adsorption transition is followed by a
continuous transition whereiq andp approach each other.
Let us consider these results in the context of the simu-
9% 05 10 15 20 lation results, the replica field theory, and a related problem
o, (protein folding. The prediction of a sharp adsorption tran-
_ o o sition when the loading acquires a threshold value is in har-
FIG. 4. Theoretical predictions for total adsorbed fractig), (solid line, . . . . .
and the fraction of good contactg) dashed line, as a function of surface mony with .bOt_h the replica ﬂeld_ theory a_n.d our simulation
loading,, . For illustrative purposes, the other parameters are chosen to bd€sults. This first-order adsorption transition seems analo-
SE=-2; &+E,;=1; C=2; a/b’=4; Py=1/2. gous to the “coil-globule” transition in proteins. The coil to
globule transition in protein@nd heteropolymeric models of
the phenomenagnis one wherein most of the contacts be-

with annealed and quenched contacts, respectively. Thg me native ones, but the protein is not “folded” into its

above discussion makes clear that t-he. length of the quench?l al low entropy native state. The transition is first order for
loops (14) depends upon t.he statistics of both the Chalr]RHPs. For a very different system, we find related physics
seqlljencs arld thbet sllﬁaczs_ﬁe d|str_|but|on.t f condition i.e., when the statistics are matched, a sharp transition occurs
n oraer ?ho fa|rp andq gr a %lven(lsj)] 0 'ti\or 0 f wherein a large number of good contacts are established. Our
we minimize the free energy densitiq. with respec theory predicts a second continuous transition where the

to.p. [notef'thta tp ang N a][e relatled q \Il'a Eq(15)], W'thhthdel fraction of good contacts approaches the total adsorbed frac-
minimum finfte nUMDbeT of annealed 100ps per quUenched '00R,, s second transition may be viewed to be the freezing

b_elngpon_e. (;I'hte pr_oczdgreEh?iG;o_lPhg ca_rrleij out 'ter_fcig}/eWransition in the replica theory and analogous to the folding
Sincér IS determined by EQLL0). ThiS Simplé numer transition of proteingthat follows the coil-globule transi-

solution of our equatpns can -be carried out using a rUdImenfion). In the replica theory, the first-order adsorption transi-
tary computing machine. In Fig. 4, we present the results fo ion and freezing into a few dominant adsorbed conforma-

fixed RHP sequence statistics, and varying surface statistiCﬁbns occurs simultaneously. However, the MC simulations

For illustration of the qualitative aspects, we have chosen t?ndicate that the freezing transition occurs after the adsorp-

SePIC.t the situation gorrefsponq;ngd.t? _gngorrelﬁ\_tﬁd 1Elucm?fiton transition(vide supra. Thus, the simple theory we have
Ensclin_sequefncetgn s;r az](c:e ‘? ed'Ser_'lpu lons. us,twtg P resented seems to be consistent with the simulation results
P ancq as a function olry for fixe sequence stalls- i yhis regard. It is not possible at this time to determine the

tics). Note, hoyvever, that_ the theory we hz_ive developed 'Drder of the second transition from simulation data, and
general, and is not restricted to the special case of shor

. . . . Hence we cannot make a meaningful comparison with the
range correlations in sequence and surface site ﬂuctu":lt'on?)'rediction that the second transition is continuous. This is to
say that a detailed finite size scaling study of the peaks for
(6p)? and (5E)? has not been carried out. As noted earlier,

Figure 4 shows that for small values @f bothp andq  the results do show, however, that the peaks narrow as the
are zero. As the loading increases, we find a continuous adystem size increases. The existence of two transitions, how-
sorption transitiortfinite p), but the number of good contacts ever, does explain why the simulation results show two
remains negligible. Then, at a threshold valueogf, the  peaks for the energy fluctuations and only one @p)¢. As
theory predicts a first-order adsorption transition in bpth we see from Fig. 4, there is only one adsorption transition, so
andg. For the case of short-ranged sequence and surface stieere should be only one peak in the fluctuations associated
distribution fluctuations, the average compositioand o;  with p. During the second transition, the major effect is the
are measures of the statistical patterns carried by the chaimbange ing, i.e., the change to essentially all good contacts
and the surface. Thus, Fig. 4 shows that for fixed sequencand freezing into very few dominant conformations. The en-
statistics € ), a sharp adsorption transition occurs when theergy fluctuations would be sensitive to such a transition as
surface site statistics are of a particular ty@@e acquires well as the adsorption transition.
threshold valug i.e., we have recognition due to statistical The above arguments and the simulation results suggest
pattern matching. As noted in Sec. |, simulations sfahis  that the replica field theory may not be correct in predicting
phenomenon for more elaborate statistical patterns than theat the adsorption and freezing transitions occur simulta-
one considered here to illustrate the essential physics. In theeously. While we are unable to say anything precise at this
context of the theory developed in this paper, the sharp adime, we speculate that the origin of this prediction may be
sorption transition occurs Wheﬁ’é=2mPc(m) P,m) ac- related to the one-step replica symmetry breaking scheme
quires a threshold value, i.e., the RHP sequence and surfatiegat was employed in Ref. 28.
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