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Chiral molecule adsorption on helical polymers
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We present a lattice model for helicity induction on an optically inactive polymer due to the adsorption of
exogenous chiral amine molecules. The system is mapped onto a one-dimensional Ising model characterized by
an on-site polymer helicity variable and an amine occupancy one. The equilibrium properties are analyzed in
the limits of strong coupling between helicity induction and amine adsorption and in that of noninteracting
adsorbant molecules. We discuss our results in the context of recent experimental results.
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[. INTRODUCTION occupied §;=0, if it is occupied by a right(left)-handed
molecule§;=+1(—1). The energy of the polymen will

The chiral properties of macromolecules are of particulabe modeled using
importance in determining the nature of their interactions
with living material [1]. Most cellular receptor enzymes _ _ _
show preferential binding towards one of the two enanti- MkeT= JZ 7idir 2.: (hot+ha0)a Jzzi bi0i+1
omers of a helical molecule, the other mirror-image form
being either irrelevant or noxious to cellular functioning. He- _ _
licity induction and control have also been extensively stud- ’LL+Ei %9, ’M_Ei %01 @
ied for the purposes of asymmetric synthg&ik enantiomer
separation 3], and other chemosensing, pharmaceutical, anavhere all parameters appearing on the right-hand side are
material science application4,5]. unitless. In the Ising model defined by Ed), the “magnetic

The helicity of biological macromolecules, such as DNAfield” hy describes the proclivity of the bare polymer to coll
and proteins, is due to the inherent chirality of the localinto a left or right helix, and can be interpreted as a net local
subunits. Besides polymerizing optically active monomerstorsion of the polymer. Thdn, parameter is the coupling
synthetic chiral polymers may be constructed by asymmetribetween the chiral amine and the polymer. The paraméters
polymerization of nonchiral molecules using a chiral cata-and J, are the nearest neighbor energetic coupling for the
lyst, or, as recently reporte®,7], by complexation of an helicity of the polymer and of the adsorbate, respectively.
optically inactive polymer with a chiral amine. The achiral Field force calculations have been used to estindaadh,
polymer used in Refd.7,8] is a polyacetylendpoly-1), a  for copolymers of enantiomefd0].
nonhelicalstructure which coils into a helix upon acid-base  The chemical potentiala .. are related to the energy cost
interaction with right- or left-handed amines and aminoalcofor the adsorption of right- or left-handed amines on the
hols both in solution and in film. It is believed that the in-
duced helicity is due to the twist irregularity of adjacent 0
double bonds around the single bond of theCO,H func- = o +
tional group of poly-1 which coils upon interaction with the =
amine bases. Other achiral polyacetylenes show the samb= ¢4 o046 o 200 © 00000 @
respons¢8,9] to chiral amines which may be used to induce W{W
a preferential screw sense on achiral polymers. In the experi
ments of Refs[7,8] certain synthetic helical polymetsuch ~ ©~ ***** 00000 --— #+rrdrrrr
as poly-6, poly-7 are also used to separate racemic mixtures,
due to their high chiral recognition abilities. These polymers
can be used as chiral stationary phases in high performanc - 8
liquid chromatographyHPLC). -

In this paper, we use a lattice model to study helicity
mductlon on a polymer Interaptlng .Wlth a.dso.rbed eXOQenquséthuire three distinct local conformations. For example, the poly-
chiral molecule_s and for chiral discrimination of racemic ., may acquire right or left-handed helicity, or may remain non-
CQmPOFmdS- Fl_gure 1 shows the features of the _O"€helical. The left region of this figure represents a very inducible
dimensional lattice model. Each monomerf the polymeris  poymer with its helicity determined by the binding of the chiral
associated to a pseudospin where o;={—1,0,1} repre-  (japeled by+ or —) molecules. The right branch of the polymer
sents the induced leftof=—1) or right (o;=+1) mono-  represents a locally chiral polyméwhich favors say, the- helic-
mer helicity. We also include the possibility for the polymer ity, due to its intrinsic structupethat preferentially adsorbs mol-
to be uncoiled, in which case;=0. Sitei is also character- ecules. These fixed-helicity polymers have been used to separate
ized by the chiral molecule occupanéy. If the site is un- and— chiral molecules in chromatography.

e+
<

FIG. 1. (Color online A schematic of a homopolymer that can

1063-651X/2004/6@)/02180%8)/$22.50 69 021805-1 ©2004 The American Physical Society



M. D'ORSOGNA AND T. CHOU PHYSICAL REVIEW E69, 021805 (2004

polymer, with thed functions tracing the number of adsorbed dln=E

amines. The last two terms of E(l) represent the energy N<Ui>:(&T)- (4)
contribution arising from polymer-adsorbate interactions 0

prior to the coiling of the polymer. The chemical potential Tr(oL'oLN"")

termsu.. are defined so that, 6, o; is the energetic split after (o101 )=—= 5

=
=1

adsorption of a molecule with chiralitg; on sitei.

The helical polymer we model using E@.) is assumed to _
be a stiff linear chain, so that three-dimensional effects can and (n V=(8y +1)= dIn= ®)
be neglected and only nearest neighbor interactions are al- o==1 0=V s )
lowed. This is indeed the case for the polyacetylenes of Ref.

[6] or when the polymers are mechanically stretched. Fofhe o operator is defined asr|+,6,)=*|%,6,), and
simplicity we also assume that the binding sites and the basie|0,6;)=0. Similarly, the 6 operator isé|o;,*=)=*|o;,
polymer helical unit are size commensurate. Although thet), and6|a;,0)=0.

microscopic details are more complicated than our model, IntheN—c limit Egs. (4)—(6) can be expressed in terms
they should not affect overall equilibrium long wavelength of the eigenvalues of (Nj=AgAq, ... ,Ag) and their re-
results. Other than chiral interactions, we neglect all othespective orthonormal eigenvectdig ). If the largest eigen-
effects that the binding amines might have on the polymeryalue is\,, with associated eigenvectag, then[18]

such as on its stiffness. Referendd] recently considered

the interplay between adsorption and polymer conforma- 1 N

tions. (oi)= No 9o’ @
Our model is a generalization of a simpler one in which a

random chiral copolymer with enantiomeric pendant groups (ol oL | o)

is described in terms of a quenched random-field Ising model (o0 )= ———, (8)

[12—-14. In our modelg; is a thermodynamic variable re- )‘of

lated to its chemical potentialg.. . Our model approaches

those in Refs[12-14 in the limit hy,J,, =0, and when 1 dng

o; and ¢; are constrained to+1,—1}. (No==1)=(5y, vi1>:)\_0 s ©)

Since the two helicities of polymers can be associated
with the two states of an Ising model, mapping betweernThe amine helicity correlation functiof6,6;,,) and the
polymers and Ising models has been widely ug8l. In  polymer-amine correlation functioko;6;,,) can be ob-
spite of fact that many features are negledsach as non- tained by substituting the appropriaeoperator in Eqs(5)
linear structures and nonnearest neighbor interagtittis  and(8), respectively. The correlation lengths are the same in
approach has proven to be a useful first step in elucidatingll cases and we treat only the polymer-polymer correlation
the properties of many polymer assembli¢6]. Other than  function. Numerical estimates of the relevant quantities can
the quenched-random-field model of the above referencease readily computed by diagonalizing the nine-dimensional
[12-14 for instance, arad hoclsing model has been intro- transfer matrix. However it is revealing to explore certain
duced to address chiral amplification in supramolecular asphysically relevant limits analytically.
semblies of unquenched chiral “sergeants” and achiral “sol- We will consider several physical systems to which Eq.
dier” units [17]. (1) can be applied, depending on the quenched or annealed
The equilibrium properties of the system modeled by Eqnature of thes; and 6; variables and the values they can
(1) can be evaluated through the partition function associateghke. In Sec. Il, we consider the case of a helical polymer
with the nine-dimensional product spape;,6;)=|—,—),  used as a chiral discriminant. Here = + 1 is quenchedthe
|—.0),]—,+).,]0,—),[0,0,[0,+),|+,=),|+.,0),|+,+). In  polymer is fixed to be right hande@nd 6, is a thermody-
the case of a polymer of lengt, assuming periodic bound- namic variable that can take on the valjeés=—1,0,+1}
ary conditionso, = o1 and 6, = 6y 1, the partition func-  so that the fraction of adsorbed right-handed amines can dif-
tion reads: fer from that of the left handed ones. Conversely, in Sec. Il
we analyze a system of chiral amines used to induce helicity
on an optically inactive polymer. In the experiments of Ref.
E=> e MkeT=Tr LN (2)  [6], complexation with left-handed amines yields right-
{oi} {6} handed polymer helicity so we allow the system variables to
take on the value§o;=0,+1} and{6,= —1,0}. Both cases
are analyzed in the limit of high amine-polymer interaction
(Jh1/>1), and of non-interacting adsorbaidts=0. In Secs.
IV and V we consider a helical polymer coiling in both screw
senses and interacting with both left and right amine isomers.
Here, both variables can take valuges=—1,+1} and{#,
=-1,+1}. In Sec. V we also include the possibility of
empty amine sites an@, =0 is allowed. As above, we shall
F=—InE, (3)  consider the limits of strong

wherelL is the nine-dimensional transfer matrix derived from
Q). Thermodynamic quantities such as the free enéighe
average spin-helicity ), the correlation functionl’(¢)
=(oy0i.¢)—{0;)?, and the fraction of adsorbed left and
right amines(n,- ..,) are obtained from:
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coupling between amine occupancy and polymer helicityThe average adsorbate chiralit§,) (related to the intensity
(hy>1), and the limit of noninteracting adsorbant amines,of the circular dichroism spectra of R€i6]) is given by
for which J,=0. (Ny=11)—(ny=_4). In the opposite limit ofh;— —, the
adsorption of left-handed amines is favored on a right-
handed polymer, and a similar calculation yields the same
expression forhg as Eq. (10) with the replacementg

In this section we consider a helical polymer that is—z %, f,—f_. The ratio of right to left-adsorbed amines
chemically fixed to be right handedr(= +1) and analyze vanishes ag?.
the mean fraction of left-handed and right-handed chiral
amine adsorbates. This case corresponds to the parameters B. Noninteracting adsorbates
J—o and hy— and we need only consider the reduced
basis seto;,6,)=|+,—),|+,0),|+,+). We wish to calcu-
late the ratio of the two different adsorbate enantiomers:
=(Ny=_1)/{Ny=+1). The three-dimensional transfer matrix

Il. CHIRAL DISCRIMINATION

In the case of amines that do not interact with each other
except for exclusionJ,=0 ory=1, the quantities of inter-
est are calculated exactly by means of E@s.and (9) with
the largest eigenvalugy:

L is given by
f_+z+f,2
—-1_ -1 _ +
& . ﬂ NoX _<n6:0>y:1_f
z
f ~e (=u) 14 elhitus) (13
-1 —
x,'L=| — 1 zf, ’
(Np=+1) :f+z ~glrst2h—p) (14
- (Ng=—1)] _ f |
— 1 yzf, a
yz

I1l. HELICITY INDUCTION
Here,x. =eU*M) y=gel2 7=¢M andf.=e**. The largest _ _ _ _ -
eigenvalue is readily determined by means of singular per- !N this section we consider polymers which coil into a
turbation techniques in the limits of strong coupling betweerPreferred helicity =+ 1 for instancg upon complexation

polymers and amines, and exactly in the case of noninteract¥ith external amines of the opposite chirality;&—1).
ing exogenous molecules. This scenario models the experiments of chiral induction per-

formed with the optically inactive poly-1 chain in the pres-

ence of chiral molecules of specified right or left helidi6}.

In these experiments, complexation with left-handed isomers
In the case of strong interactions between amines andf the chiral molecules induce a right-handed helix on the

polymers fi;>1 or z>1), the largest eigenvalue is calcu- polymer and vice versa for right-handed amines. In the basis

A. Strong interaction

lated perturbatively irz to be: loi,6,Y=10,0),|0,—),| +,0),] +,—), the transfer matrix is:
-1
1 y_1+f+f, 1 f7 t f,tZ
*l_ - Yyt
NoX5 —f+yz+y+ v, Dty 1ty
L:
2+42f_f, (y?>—1)—3y+y? 1 fo xt foxtz!]’
+ - +Z yTy +O(z—3), 1 f_y «xt fﬁxtyz—l
f2y522

(10) wheret=e", x=e’, so thatxt=x, . For the free energy of
the bare polymer to be minimum &t =0, the achiral con-
formation, we assume thdthy<<0. To model chiral adsor-

Here,(n,- ;1)>(n,- _;) because the original choice for the D o -
helical polymero;=+1 and positive values fdr,; favor the Ej(tgi W<h(|)Ch induce polymer helicity of opposed chirality, we
1 .

adsorption of right-handed amines. The fraction of unoccu-

pied sites vanishes aszland the fraction of left-handed

adsorbed amines aszi/ The concentration of empty sites,

and the ratio of adsorbed amines is given by For highly inducible polymers|b;|>1 or z—0), the
largest eigenvalue df is:

A. Strong interaction

1 3-2y 2 2
_ = ~e (hituat23)  (17) o 1+txe+fly
Np=0)7o0 e . _
(Mo-olz= =5 ~ 12 ay2 No=foxtyz 4 =02, (19
(Mg 1) £ We can compute the fraction of adsorbed amites- _ )
=1 =———~e WTrF2r) (1) and the mean induced helicitjo). Note that sinces
(No=s1)], . f.2% ={0,+1} the latter is also the fraction gh,_ ) sites:
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1+1tx? 14 e~ (23*ho) 1.0
<n0=*l>ZﬂO: 1—- f_x2y2t z~1— (i 23
(16 0.8 ]
P
+f_y? 1+e (P2tu) 706
<Ui>:<na=+1>zﬂo:1_szl_m' v s
_ o — <O
(17) S 04
8 T < Mgy >
B. Noninteracting adsorbates W an
For non-interacting adsorbate3,&0 ory=1) the larg-
est eigenvalue for the helical induction mattixis: 0.0 . ‘ ‘
1 1.0 1.1 1.2 1.3
— oM
Ao=§[1+f,+tx+f,txz’l+(}], (18) fi=e

FIG. 2. (Color onlin@ Random copolymer mean chirality and
where C=z Y[ (z+zf_+ztx+f_tx)2—4tz(x—1)(1+f_) amine occupancy as a function of fugacity =e*+. The other
112 parameters of the system are fixed xat=x_=e’=30, z=eM

X(z+ )1 (19) =1.4, andf_=e*-=1 as in Ref[11]. Note the dramatic increase

The mean helicity and fraction of occupied amine sites ard" (i) even for values of . slightly greater than unity.

again found explicitly through Eq$7) and (9):
and its largest eigenvalues are

_f L tx z+zf_+(tx)?
(”0:—1>y:1—2—)\0 L —
2 2
(x=2)[2f _t+f_(tx24(1+2)] yo A2 (P + 2 y)
a zC ’ o 2z
(20 1
t——{x o I (f 22 )+ x (f+2%F )]
< > 1+ztx—z+(tx—z)f_ 20 2X_X.z
Npe sy 1 == .
T2 2z¢ FAX X_Z2(1—X2 X3 (f L+ 22 ) (F_+22F )2
IV. RANDOM COPOLYMERS (22)

In this section we analyze the case of a polymer coiling

into either screw directionr;={—1,+ 1} upon interaction  The mean helicity(s;) and fraction of adsorbed amines
with exogenous moleculeg;={—1,+1}, when no sites are (ny_ 1) can be evaluated by performing the appropriate de-
left unoccupied. We shall also assude=0 throughout the iy atives. Instead of explicitly writing the expressions for
calculation: this case can be viewed as a dynamic version %ese quantities, we pldw;), (n,_ ) as a function off .

a model for the the assembly of random copolymiers| for the chosen parametlerzszl.4 and x, =x_=x=230,

where, instead of a random fiel={+1,—1}, assigned C
. i - g ! which implieshy=0. We also set the reference energy at
with probability p and 1-p to each site, we introduce the f_=1, or u_=0. The values fox andz correspond to the

annealed variabl®, whose chemical potentiajg, andu . ) :
control the adsorption of each left or right species. In par_molecular modeling values used in Rgf2]. The physical

ticular, we wish to compare our results with the random-fielgdt@ntities(ai) and(n,— ) are shown in Fig. 2 as a func-
Ising model of Ref[12], due the dynamic nature of the as- 10N Of f, . As in the case of the Ising random fig]ti2], a
sembly process. The transfer matkixs defined in the four- Small increase of the fraction of adsorbed aning- . ) for

dimensional spackr;,6;)=|—,=),|—,+),|+,=).|+,+): fo=1 results in a sharp rise'in'the optical activi.ty of the
sample as determined Ky;), similarly to the experimental
2f % foxof o zfy results of Ref[19].
o z ZX_ X_
foxo  f_ zf,
zf x_ 7 % _ V. CHIRAL ADSORBATES AND POLYMERS
L= 7f f,  f_x, We now analyze the case of a chiral polymer interacting
X 7x 5 zfix, with a racemic mixture of chiral adsorbates. The transfer
* * matrix L determined from Eq(2) in the six-dimensional
zf_ L e space defined bylo;,6)=|—,—),|=.,0,]—,+),|+,—),
- - +A+ .
X4 ZX, z |+,0),|+,+) is
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fox_ f_ 1 zf P
yzfx_ x_ — - = s Wi = 30
yz ZX. X_ yx —ewf= 10 |
fox_ f_ 1 zf 2
zf_x_ Xx_ * R — -t R ewy =5
z ZX. X X_ A w25 ]
3
zf_x_ « yfox_ f_ i yzf, & ey = 04
L z 172 S SR v T,
yzf_ 1 fi yf x, « zf o x,
o +
X+ X+ yZ& Z y \0\ “ M%
zf_ 1 f N f X4 . ‘ et
X X, 7x. % zhxy 00 10 20 30 40 50
+ + + f= )
zf_ 1 yf, f_x,
YX, Z ZX, yz Xp YZhex, FIG. 3. (Color onlineg Mean helicity(¢) as a function ofp
=el#-"£+72M) in the case of a polymer with highly inducible
As above, we shall consider the limits of strong couplingchirality ~ (h;>1).  In  these  curves wy’=e**%)
between amine occupancy and polymer helicityh,( =50, 10, 5, 2.5, 0.4.

>kgT), or z—x, or z—0 and the limit of non-interacting

adsorbant amines, for which,=0, ory=1. form chiralities on adjacent polymer sites and to adsorb

amines with uniform chiralities which, in turn, are strongly
coupled to the polymer. The substitutipa-p ! implies an
inversion of the helicity, and under this transformatian)

In this section we consider the linin;|>1, correspond- — —(oj). The correlation function is defined as
ing to z—o or z—0 depending on whethet = =1 induces  T',(p,w,y,€)=(ciai,¢)—{o;)?. The on-site fluctuation is
o;=*1 oro;==1, respectively. I',(p,w,y,£=0)=1—{0;)? and in the limit of large dis-

In the first case homochirality between polymer and adtancest, the correlation functiod',(p,w,X,€) is determined
sorbates are favored, in the latter opposite screw directionfsom Eqg. (8) using the fact thak,=0 for n>1:
are. Let us assume—. Eigenvalues and eigenvectors are
expressed in terms of p, andw defined as

A. High inducibility

A\ ¢
<Ui0i+e>=<0i>2+<‘//0|ff|¢1><¢1|U|¢o>()\—0), (28)

fox_
p= =glu-"#+=20), (23)  so that
foxy
- —tl¢
W:X+X_:ez‘]_ (24) Fz(plxiylgﬂoo) D(p’XvY)e )
-1
A direct calculation for the first two eigenvectaoxg ; yields &= In(?” ) (29)
1
zyf.x, .
No1= 5 [(L+p)=S(p,w,y)], (25 As can be seen from Eg&5) and(26), at the antiferromag-
netic conditionJ+J,<0 the second nonzero eigenvalug
ap 112 is negative, and in the—oo limit the transfer matrix is no
S(pw,y)=| (1—p)2+ — (26) Ipnger posmvg definite. In calculating the corre_lanon func-
wey tions we restrict ourselves to the ferromagnetic case of

_ o o +J,>0. For completeness we estimate the prefactor param-
The other eigenvectors vanish in the linit-c and the eterD using the|,) eigenvectors found by standard tech-

mean helicity, from Eq(7), is niques:
1-p No[1—p+S(p,x,Y)]|?| #4]?
Ve 2 —| 20 o 1
<O-|> S(plwly) ( 7) D(pvxay) kls(p,X,)/) |¢0|21 (30)
Figure 3 showg o) as a function ofp for different ferro- 4.8

w
magnetic and antiferromagnetic valuesaof®. Note that the | ||?=4p?(1+y?)(W?+y?) + 4y [1+p=S(p,x,y)]?
crossover between positive and negafjeg) values occurs

for p=1, which corresponds ta , = _—2hg. In the limit X[1-p=S(p,x,y) ]2+ 16pway*

of high helicity-adsorbate coupling, an overall optically in-

active ensemble is reached when the balance between the X[1=p=S(p,x,y) ]+ W2y (1+y?)(Ww?+y?)
two amine chemical potentials is offset by the intrinsic tor- _ 2, o 4

sion hy. The sharpness of the transition increases with the X[A=p=S(pX Y)Wy 1+ p=S(p,x.y) ]
ferromagnetic couplingd andJ, which tend to induce uni- (32
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10.0 ‘ 3
— wy = 50
8.0 | “wy' = 10
. wy2 =35
2 60 ]
; A = wy2 =25
S ] z
4.0 5 —owy = 04
%%H«-—
2.0 |
T | ST
0.0 1.0 2.0 3.0 4.0 5.0 : \ S ———ieisin

p= e(u_—u+—2h0)

FIG. 4. (Color online Correlation lengthé as a function ofp
=elr-~r+72M) in the case of a polymer with highly inducible
chirality (h;>1). In these curvesvy?’=e?0"32=20, 10, 5, 2.5.
Note that at the racemic mixture=1, the correlation length is an
increasing function ofv y?.

FIG. 5. (Color online Fraction of adsorbed chiral molecules,
(ng-1), as a function ofp=el*~~#+~2") in the case of strong
amine occupancy-polymer helicity interaction. In these plotg
=e?0%92=50,10,5,2.5.

. . B. Noninteracting adsorbants
Figure 4 shows the correlation lengghfor several values of

helicity adsorbant amines do not interact with each other,

(wy+ 1) except for exclusion. A direct calculation of the eigenvalues
wy+ i
£ p=1w,y)=In—> . (3 OfLyelds
(wy?—1)
F.x,
Noa=——[(1+@)=T(q,w)], where (34

In this limit, £&(p=1w,y) is an increasing function of y?:

at higher values o8+ J,, large islands of homohelicity are 4q 172
formed and the structure is increasingly ordered. The influ- T(q,w)=|(1—q)%+ | (35
ence ofJ, on the mean helicity is a consequence of the w
strong interaction between amines and polymer on-site 2
chirality. These results are invariant under the substitution =[z"f,+2z+f_] and (36)
p—p~ ! which signifies an inversion of the helical screw
sense. x_[22f_+z+f.] x_F_
We also evaluate the fraction of adsorbed amine species a= X [Z2f . +z+f_] X, FyC (37)

(Ny—~1). In the limit of strong coupling between amine oc-
cupancy and polymer helicity, the two are related byThe parameterg andp of the preceding section are related
(ny=1)+(ny-_1)=1, as can be seen by direct calculation by lim,__q=p, and the definition ofv is the same as pre-

viously defined,w=e?’. All other eigenvalues),-, are
zero. The mean helicity computed from Ed) is now

2, 4P
(Ng=+1)= (1-p) +W2 2 1-q
g ()=, (39
-1 T(q,w)
+S(p,w,y)(1+p) (33 which has the same form of E427) upon substitution of

p—q andy=1. In the case of noninteracting amines there-
fore, the nonoptically active condition g&=1 or, if we de-
Figure 5 shows the fraction of adsorbed right-handed chirafine 2u=u,+u_ and A u=pu,—u_:

molecules(n,_ ) for several values ofvy?. At the optical

inactive conditionp=1, the fraction of adsorbed amines is oh 2+e*coshAu+hq]
ol ; i i e-o= . (39
1/2 for each chirality, and all sites are occupied. In this case, 2+e#cosiAp—hy]
both the average amine and polymer helicity vanish and the ph
correlation function depends on the magnitudeJ@ndJ,.  |n the noninteracting adsorbant limit, the correlation function

Large values of the latter imply the aggregation of ch|ralp 1(q,w,€) can be evaluated through E@) and it is sim-
amines of the same sign and islands of homohelicity both fob|y Eq. (29) providedp—q andy=1:

the polymer and for the adsorbed amlnes These results are

again invariant under the substitutipa-p ! Lyoq(qw,€)=T4(p,w,y=1,). (40
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\ /,-’ ‘.Ar,rr‘r‘ aaa Sy
08 | \L// e
\ /) ,‘/.—. <n9=+1> f+ = 20’ f_ =2

>

| : s
306 \ Ao <ng.> f.=f=10
\Vi E
A . (
i / \“x e <n6=—1> f+ = 20’ f— = 2
\? \‘ \‘3

0.2 /“\\ .

/ “\&6 ﬁ&*\h‘»t&&l AR iy )
M 7 b S
0.0 ‘ ‘
0.0 1.0 2.0 3.0 4.0 5.0

h
z=el

FIG. 6. (Color online Fraction of adsorbed amines for several

values off , =e** ath,=3, w=e?’=2 as a function oz=e". In

these plots the full-symbol curves correspond to thg- . ,); the
upper one is af , =20,f _=2, and the lower one at, =10,f_

=10. The empty-symbol curves correspondtg_ _,); the upper
one is atf , =10,f _=10 and the lower one dt, =20,f_=2.

The adsorbed amine concentratidimg—..1) do not sum to

unity and unoccupied sites exist as can be seen also fro%

Fig. 6. Equation(9) yields

f .z qf, )
<ng:+1>:F_+gﬁ(F+—Z Fo), (41
+ +F -
E at- F,z2?—F 42
<n0:71>_E+QF+T( +2°—F_), (42
2
T(qw)—1+qg+—
w
where G= (43

T(QW)[T(g,w)+1+q]

Several limits are possible forng_g)=1—({Ny=;1)
+(Ng=—1)):

Ng_g)=1— , whenf =f_
(No-07 f2+z+1 N
z
<n9:0>=1—m, when z=1 (44)
L
zcoshhg)
<n":°>_l_eho—|:’ when q=1.

+
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tems have been presented in the literaflre-13 both for
ordered and quenched helical polymers. Here, we have intro-
duced the possibility of interactions with external amines,
incorporated as unquenched thermodynamic variables, as
well as the possibility for the polymer to stay uncoileg,

=0. For a racemic amine compound interacting with a heli-
cal polymer, we derived the ratio of the two adsorbed enan-
tiomer species: the results obtained in Ed4) and(12) or
those of Eqs(13) and (14) can be applied to experimental
results to estimate microscopic parameters such as the
chemical potentialsu.., the amine couplingd,, or the
polymer-amine interactiorn,. For all physical cases pre-
sented in Secs. II-V and where it was well defined, we have
given estimates for the mean induced helicity) the frac-

tion of adsorbed aming® ,_ .. 1) and of empty siteg$n o),

and of the correlation lengtlj, which can be used in the
same vein as above or to predict experimental outcomes if
the microscopic parameters are known.

When botho; and 6; are annealed variablesr;) and
(ny—+4) are not completely correlated, independent mea-
surements of helicity(by optical activity and of bound
amines(using, e.g., IR adsorption techniquiesay yield in-
formation on(n,o) for cases wheréh,|=1.

Several HPLC experiments estimate the capacity and
separation factor¢related to the retention timeg®f chiral
ines interacting with chiral poly-6 and poly-7 used as a
molecular sieveg6]. However, the retention times arise from
the adsorption and desorption kinetics of the amines as they
interact with the stationary phase polymer. The thermody-
namic parametershg, w. etc) are equilibrium properties
and by themselves are insufficient to determine the kinetic
capacity factors. However, if the activation barriers for the
amine-polymer interactions can be independently deter-
mined, capacity factors can then be estimated.

The peak intensity of circular dichroism spectra of opti-
cally inactive polymers interacting with chiral molecules can
be directly related to the mean induced helicity through Eq.
(17) or (21). Peak intensity(the mean induced helicityin-
creases with larger amine size, suggesting that larger exog-
enous molecules result in higher amine-amine interactjon
This trend is also evident from E¢L7). Our model does not
consider the energetic cost to create a left- or right-handed
helicity domain in an uncoiled region whete=0. An ad-
ditional energy term of the forrﬂl[ai2+ oo (ot oi1q)

+ 0?2, ,] would be needed to incorporate such effect.
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