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ABSTRACT: Mechanical and optical responses of chiral stimuli-responsive gels to macroscopic deformation

are theoretically studied. We propose a simple elasticity model for the network of helical polymer chains by

combining a statistical theory of a single polymer chain bearing induced helices recently presented by us
[Macromolecule005 38, 561] with the classical affine network theory. We find that the stragsin relation

of the network in a solution of chiral molecules has characteristic profiles different from sigmoidal ones observed
in the conventional rubberlike materials. We also find that, as the network is uniaxially elongated or compressed,
the chirality order parameter, which is proportional to the intensity of circular dichroism of the network, is enhanced

in the intermediate region of elongation under certain conditions. Finally, we discuss the possibility of optical

resolution of almost racemic mixtures of chiral molecules by using such networks.

1. Introduction one-dimensional Ising models with nearest-neighbor interactions.

Stereoregular polymers capable of hydrogen-bonding chiral These rules are very interesting bec_ause the_re i_s a possibility
molecules have been recently reported by Yashima .&t3al of bo';h funda_lmental and techr_10lc_)g|cal applications such as
These polymers themselves do not have chiral centers and arénantioselective catalyses, chirality detectors, and memory
optically inactive in solutions without chiral molecules. When €léments.
the chiral molecules, such as amines and amino alcohols, are In our previous paperwe theoretically studied the effect of
hydrogen-bonded onto side groups of the polymers, helical stretching such single helical polymer in a solution of chiral
secondary structures are induced on the polymer, and then themolecules on the basis of standard equilibrium statistical
whole polymer becomes optically active. The handedness of mechanics. In the presence of eith&f-(or (R)-form of chiral
the helices is determined by the chirality of the adsorbed molecules, it was found that the foreextension curve shows
molecules. These polymers are called induced-helical polymers.an anomalous profile different from that of the random flight
For example, poly(phenylacetylene) derivatives such as poly- chain and that the helix content of the polymer increases
((4-carboxyphenyl)acetylene) and poly®i{-diisopropylami- transiently as the polymer is stretched. Furthermore, we
nomethyl)phenylacetylene) fall into this category. discussed the possibility of optical resolution by stretching such

By measuring induced circular dichroism (ICD) spectroscopy helical polymer in a solution of an almost racemic mixture of
in detail, Yashima et al. furthermore found that the following chiral molecules.

cha}racteristic rules generally hold for solutions of induced- Recent progress in experimental techniques such as magnetic
helical polymers: trap and optical tweezer methddnables us to perform single-

(1) Nonlinear AmplificationUnder the presence of eithed){ molecule manipulation on various polymers. These experiments
or (R)-form of chiral molecules, the relationship between the propaply reveal forceextension curves of induced-helical
optical activity and the concentration of chiral molecules shows polymers. By comparing such experimental data with our
sigmoidal profiles. There is a sharp rise of the optical activity nymerical results, we can verify whether our model for a single
due to induced helices in very narrow concentration range of jnguced-helical polymer is valid or not. In contrast, the helix
chiral molecules. content of a single polymer cannot be detected by optical

(2) Majority Rule.Under the presence of botB)t and R)- measurements such as ICD spectroscopy. The detection of the
forms of chiral molecules, the chirality of the whole system is gptical activity by these experiments is effective only for the
predominantly determined by the major component of chiral system containing 28 order of molecules, e.g., solution and
molecules. film. In order to determine the relationship between the helix

(3) Sergeant Soldiers RuleUnder the presence of a small  content and the end-to-end distance, we need to prepare a system

number of chiral molecules of only one type, achiral molecules jn which we are able to control the end-to-end distance &t 10
act as if they had the same chirality as the chiral molecules. grder of polymers simultaneously.

This phenomenon is similar to the situation that many soldiers
follow an order of a sergeant simultaneously.

From the theoretical viewpoint, Tangkand D’'Orsogna and
Chol? have independently succeeded in giving molecular
interpretations to some of the rules by mapping the system onto

A network (gel) made by cross-linking induced-helical
polymers covalently can fulfill the requirement mentioned
above. Macroscopic deformation of the network leads to
simultaneous control of the end-to-end distance &f boder
of constituent chains. In addition, the optical activity of the
network can be detected experimentally if the network is
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toda@cmpt phys.tohoku ac.jp. transparent enough to transmit polarized light. Fortunately, Goto

t Present address: Department of Physics, Tohoku University, Aoba, €t a@l. have succeeded ir? p'reparing poly((4-carboxyphenyl)-
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the chiral molecules in the type, and temperaturd are
specified, we finally find

V(z,4,1)
1+ V(e Ad) + VR (@A)

0 = 1)

The new function8/®(z,x) (k = 0, 1, 2, ...) are defined as

n
K
Vi) = ;c ()% 2)
Figure 1. Schematic figure of a single induced-helical polymer with -

the _end-to-end vectdR and the tensioifi exerted at both ends o_f the wherer = falkgT is the dimensionless tensidg, is Boltzmann’s
chain. The symbol® and® correspond to the chiral molecules in the

(9-form and those in theR)-form, respectively. constant, andy(@a) is the statistical weight for an-type helix
with the length¢ (in terms of the number of segments). The

functionsee(r) in eq 2 are defined ag:(r) = §(«{r)/G(r)%, where
lene) with diamine$. They call such gels chiral stimuli- §(r) = sinh 7/t is the Laplace transform of the distribution
responsive gels. Thus, our desired system actually exists. function of the bond between successive segments along the
In this paper, we propose a simple model for the network chain without helices. The parameteis the solution of the
mentioned above by combining the single chain model for the following nonlinear equation:
induced-helical polymefswith a conventional network theory. t
We treat only macroscopic uniaxial deformation of the network ﬁ{vé)s)(f’lst) + VE)R)(T,AR'[)} =1 €)
to investigate both elastic and optical properties of the network.
We show that both elongational and compressional deformation
of the network in a solution containing chiral molecules can
lead to the transient amplification of the optical activity of the . . : C . .
network and that the stresstrain relation can have shoulders ?r:stanceR_and the.dlmensmnless tensioris finally given in
. . L e following form:

around the strain states where the optical activity reaches peaks.
On the basis of the numerical results about the optical activity, 9 R)
we discuss the possibility of optical resolution by macroscopi- R_ L(z) + Kt{w(l (TAd) + W(l (zA:0} (4)
cally deforming such network in a solution of an almost racemic na 1+ VO Ad) + VR (2,40}
mixture and then propose an example of the procedures for
optical resolution. Here,R/na = | is the normalized end-to-end distant€x) =

] ] cothx — 1/x is the Langevin function, and the new functions
2. Single Helical Polymer Model vaf‘)(r,x) (k=0, 1,2, ..) are defined as

In this section, we review the theoretical model for a single

We next derive the forceextension curves for a single helical
polymer. The relationship between the average end-to-end

induced-helical polymer with a fixed end-to-end distance. For a) _ 0 K (o) ¢
the details of this model and its numerical results, readers should Wf( (7x) = ;C s ¢C(T)L(KCT)X (%)
refer to our previous papér. B

2.1. A Helical Polymer with a Fixed End-to-End Distance. In a series of experiments, the optical activities have been

Let us consider a single unperturbed random flight chain in a measured as functions of the temperature and the concentrations

solution containing chiral molecules. The chain is comprised of the chiral molecules. We here introduce the chirality order
of the total numben of segments. Each bond length between parameteny defined by the difference af®

successive segments along the chain is a constant waline

this study, we treat each segment in the above model chain as p =009 —g® (6)

a monomeric unit where chiral molecules can be adsorbed

pairwise. We assume that when attached onto segments in thelhe parametery is proportional to the optical activities of

chain, the chiral molecules in th&)(form induce left-handed  solutions containing induced-helical polymers as shown in ref

helices on the attached parts while those in ®ef¢rm induce 4.

right-handed helices (see Figure 1). In addition, we treat the 2.2. Statistical Weight of Helices: Zimm-Bragg Model.

helices induced on the polymer as rigid rods because theFor further discussion, we have to specify the statistical weight

persistence length of the helical parts is usually much greatern(g"). In this study, we employ the simplest form proposed by

than that of the coil parts. Let us introduce the normalized length Zimm—Bragg %11

« of one segment along the axis of the rodlike helix. We assume

that the valuex is the same for the helix induced by the chiral n® = o,u,(T)° 7)

molecules in the $-form and that by the chiral molecules in

the R)-form because optically isomeric molecules are chemi- If the concentrations of the chiral molecules are small, we can

cally and physically the same except for their stereosymmetry assume that each activity is proportional to the molar concentra-

and optical properties. tion of the species. Hence, for a dilute solution of the chiral
In this section, we first derive the helix content for a single molecules, we can rewrite the product of the activityand

helical polymer. The helix conter{® represents the fraction  the factoru,(T) into the formAqUs(T) = Yo = ko(T)c®, where

of segments which belong to the helices induced by the chiral ¢ is the molar concentration of the chiral molecules in the

molecules in the typet = S R. Under the condition that the  typeo andy, is its scaled concentratiok,(T) is the adsorption

tensionf exerted at both ends of the polymer, the activigyof equilibrium constant of the molecules in the typeln what
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AF(l) = F() — FQ)
= kg T [ To(12-1) — g()]Py(l) dl (10)

where 1is the unit tensor and the functiay(l) is defined as
#(1) = nkeTg(l).

3.2. Uniaxial Deformation. In order to study basic properties
of the network, we impose uniaxial deformation alorgxis
Figure 2. Schematic figure (left) of a chemical gel made by cross- on the network as shown in Figure 3. Uniaxial deformation of

linking induced-helical polymers covalently. In the magnified figure the network is described by the diagonal deformation tensor
(right), the symbolsD and® correspond to the chiral molecules in the

(9-form and those in theR)-form, respectively. .0 0

X
follows, we assume that, andKk,(T) are the same for both A=(0 4,0 (11)
components, i.eqs = og andkgT) = k(T), because optically 00 4

isomeric molecules have the same properties chemically and
physically. We omit the subscriptin o, andky(T). The factor
o is generally called the helix initiation parameter and is less

In this study, we assume that the volume of the system is
conserved as in the case of conventional theoretical and
than 1, which leads to the nonlinear amplification of induced simulation studies on rubberlike materials. Hence, the deforma-

helices as shown in ref 4. We here briefly comment that the tion tensord is given in th?_ following simple f_orm:/lx = A
parameterss and k(T) can be evaluated quantitatively by 4y = 4z = 1//7. The resiliencefremor 0CCUITing from the

spectrometric measurements such as ICD. For the details, readerd'acroscopic deformation of the network is given by the
should refer to ref 4. thermodynamic relatioffhetwork = (0AF/3(AL))r. By using eq

10 and the normal stresg; = frewordL2, the above relation is
3. Network Model rewritten into the stressstrain relation

In this section, by combining the model for a single induced- vk, T
helical polymer reviewed in the preceding section with a NT TS
conventional basic network theory originally proposed by L
Kuhn'2 and later developed by James and Gtithand others,
we construct a model for the chemical gel in which the polymers
are cross-linked by covalent bonds (see Figure 2).

Al
f 89%/1 Dp 1y ol (12)

In terms of polar coordinates, eq 12 is given in the following
form:

3.1. Affine Network Theory. We treat a macroscopic cubic 27wk T 4 L )
network with a side length under equilibrium states. For the oN=—3— J(; d PO(I)Isj; d cosv ©(nl) et
sake of simplicity, we neglect the chains that do not contribute L n@A.9) (13)

to the elasticity of the network directly. Then, we assume that

all the constituent chains in the network are the chains whose Here, we treat the dimensionless tensioms a function of the
both ends are covalently connected to the different junctions of normalized end-to-end distancé& he functiory(4,9) is defined
the network. These chains contribute to the elasticity of the g5

network directly and are called elastically effective chains.

Furthermore, the molecular weight distribution of such chains 2 1 2 1
is assumed to be monodispersed with the numlzérsegments. n(A.0) = (}* - I) cos ¥ + 71 (14)
The elastic free energy of the network deformed with the
deformation tensok can be written as follows: and the functioru(,9) as
R 1 1
F(A) = [¢() P() dl (8) uA,0) = (2/1 + P) cos ¥ — IE (15)

wherev is the total number of constituent chains in the network,
o(l) is the free energy of a single polymer, aRd) is the
probability of finding a constituent chain with its normalized
end-to-end vectorin the deformed network. In this study, we
employ the following assumptions first introduced by Kufn.

First, V\ll(ebtr;eat tgefdistripution fL;]nCti(;n of e?ch clhain inhth'e James and Guth on the integration over the polar angle
network before deformation as that of a single polymer chain, ¢ {hree-chain approximation means that elastically effective

Po(l). This assumption is expected to be valid because of the .p4ing making up the network are replaced by three independent
screening effect of the intra- and intermolecular excluded- chains pointing towaret-, y-, andz-axes /5 = 2 andy = 1 in

volume interactions in a dense polymeric system. Second, Weihe case off = 0 (x-axis). Similarly,u/y = —A-32 andy =
introduce the affineness assumption that the microscopic junc- ;-12 i, the case ofy = /2 (v- and’z-axes). By using these
tion sites in the network move affinely with the macroscopic o its eq 13 is approximately given by

deformation of the qetwork. From these two assumptions, the '
elastic free energ¥(A) is rewritten as kT .1 |

=g [ - e a o)

It is both analytically and numerically difficult to perform the
multiple integrations in eq 13 because the finite extensibility
of each constituent chain in the network results in the divergence
of the tensionz(l) atl = 1. In order to avoid such difficulty,
we first employ the three-chain approximation originated by

F(A) = v [¢(1A-11)Po(1)dl ©)
Next, on the integration over the radial coordingtee employ
The change in the elastic free energy due to the macroscopicthe approximation that the radial distribution function
deformation of the network is finally given by 4712Py(l) is replaced withd(l — la). Here,lay is the root-mean-
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|
Uniaxial Deformation

L '\} =)

Figure 3. Schematic figure of uniaxial deformation alorgxis for the macroscopic cubic network with a side lengtimder equilibrium states.
The macroscopic deformation of the network (top). The microscopic deformation of the cross-linked chains in the network (bottom). The symbols
O and @ correspond to the chiral molecules in tt®-form and those in theR)-form, respectively.

square valudlIf32 for the distribution functionPy(l). In our If the network is sufficiently transparent, this order parameter
previous papet,the mean-square end-to-end distafR#g for is propotional to the optical quantities such as ICD.
ainduced-helical polymer without conformational constraint was ) .
given by 4. Results and Discussion
Before the discussion on the numerical results, we here
Ry S 259 Ry 25R) introduce the enantiomeric excessas
— =1+ 00« C 00— 1)+ 6 (KC 1) (17)
na
S _ ®
@ - . ~@ ee=——— (22)
where 65" is the a-type helix content at = 0 and gy = 9 4+ c®

V(0 4ato) V(0,44t0) is the weight-averaged helix length of
each chirality on the free polymet, is the solution of eq 3 at  to describe the chiral polarization of solutions. The possible

7 = 0. By changingR2({ into the form ofl,, = [R2}%na and range ofeeis —1 < ee< 1. ee= 1 andee= —1 correspond
then performing the approximation, eq 16 is finally given in to the solutions of the chiral molecules in th®-form only
the following form: and those of the chiral molecules in th&-form only,
respectively. The conditioee= 0 corresponds to the solutions
nvkgTl,, 1 [la containing the chiral molecules in th&){form and those in
ON=TE (Al BPECAVEE (18) the R)-form equivalently (referred to as racemic form). In

addition, we introduce the total molar concentration of the chiral
molecules as = ¢® + c¢®. By using the above two quantities,
the scaled concentrations of tletype chiral molecules are
rewritten asys = (1 + e@y/2 and yp = (1 — edyl2,
respectivelyy is the scaled quantity for the total concentration
of the chiral molecules and is defined ps= k(T)c.

We here explain the parameters used in the present numerical
calculation. We choose = 100 for the number of segments of
each constituent chain in the network ane 0.01 for the helix

Here, we define the helix conteﬁﬁetwork(/l) and the chirality
order parametepnemor{4) for a network system by usingf®-

(1) andy(l) = 69 — M for a single induced-helical polymer,
respectively. In the preceding section, the above quantities for
a single polymer are derived as functions of the dimensionless
tensionz. But these can be also regarded as functions of the
normalized end-to-end distantbecause there is a one-to-one

relationship between andl. First we definef,o(4) as initiation parameter. Since the value ©bf helices formed on
induced-helical polymers remains unknown, we use the typical
0% ol ) = f0<“)(|) P(l) dl (19) value ofa-helices formed on homopolypeptides, i 0.4.

4.1. Networks in Solutions Containing One Type of Chiral
As in the case of the stresstrain relationship mentioned above, Molecules. In this subsection, we study the simple case of
we have the affineness assumption and the three-chain ap-solutions in which chiral molecules in eithe®){ or (R)-form
proximation on the network. Equation 19 is finally given in the are dissolvedde= +1). Here, we can consider the casecef

following form: = 1 without loss of generality.
We first present the typical numerical results for a single
I induced-helical polymer. Figure 4 shows (a) tigp-type helix
PaIC) PalC) (o) &
noétworll(/l) { (Al + 26" (Tz)} (20) contentd® and (b) the dimensionless tensioas functions of

the normalized end-to-end distari@ three values of the scaled
concentration of the chiral moleculeg:= 0.8, 1.0, and 1.2. In
the case ofee = +1, the transition concentration of chiral
molecules where free induced-helical polymers in a solution
undergo the helixcoil transition isy = 1.0 as reported by

Similarly, we have the explicit expression q)f,em,or.(i) in the
following form:

Pnewwordd) = f y() P(l) d Tanakat Hence, the chosen three concentrations cover all the
1 |y range of possible states of the polymers. Waerr 1, the helix
{w(/llav) + 21/)(/11/2)} (21) contentd® is equivalent to the chirality order parameterin

Figure 4a, as the single polymer is stretched, the helix content
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. . . . Figure 5. (a) The ©-type helix conten®, . and (b) the dimen-
Figure 4. (2) The §)-type helix content® and (b) the dimensionless  johjess hormal stresslL3vksT are plotted as functions of the strain
tensionr are plotted as functions of the normalized end-to-end distance ;401 of a cross-linked network for varying scaled concentration

| of a single chain for varying scaled concentratiprof the chiral of the chiral molecules. Both figures corresponaits 100,0 = 0.01,
Bnoleculss. EOtdh flggrlges cor:respor:\d_rno= 1OOL' o= O.'Ofl’ ande = and« = 0.4. In (a), we interpolate horizontal lines around states of the
A4.1n (b), the dotted line shows the inverse Langevin fundtioif). elongational limit because of the difficulty of the numerical calculation.

In (b), the inset shows the expanded region with respect to the strain
first increases, then reaches a peak ardund.4, and finally factor: 0< 1 < 0.5.
decays toward 0. In addition, as the scaled concentration of the
chiral molecules increases, the helix contentt & 0 and that We next present the numerical results for a network made
at the peak increase together. The increase of the helix contenby cross-linking induced-helical polymers discussed above.
in the low extension regiorl (< 0.4) is due to the competition  Figure 5 shows (a) theS{-type helix conten®,, . and (b)
between the entropy loss by the conformational constraint of the dimensionless normal strasgL3/vkgT as functions of the
the polymer and the energy gain by the formation of helices. strain factori of the network at three values of the scaled
On the other hand, the decay in the high extension redien ( concentration of the chiral molecules mentioned before. When
0.4) is due to the destruction of helical domains by overstretch- ee= 1, the helix contenegmmk is equivalent to the chirality
ing the polymer. The value df= 0.4 around which the profile order parametepnemork@nd then is an experimentally measur-
shows the peak corresponds to the end-to-end distance of aable quantity. In Figure 5a, as the network is uniaxially
perfectly helical chaind® = 1) because we chooge= 0.4. elongated £ > 1) or compressedi(< 1), the helix content
In Figure 4b, the forceextension curves show two anomalous first increases, then reaches a peak, and finally decays toward
plateau regions and an abrupt jump at the boundary of thesea steady value. In addition, as the scaled concentration of the
regions [ = 0.4). As the scaled concentration of the chiral chiral molecules increases, the helix content in the natural state
molecules increases, these features are made much clearer, angd = 1) increases. The appearance of the peaks is due to the
the profiles are far from the inverse Langevin functlor(x), elongation-induced formation and destruction of helices on the
which is the force-extension curve of a normal random flight  constituent polymers in the network. The peak which occurs at
chain without helices. Compared with the behavior of the helix uniaxial compression is higher than that at uniaxial elongation
content, we can understand that the two plateau regions arefor any concentration of the chiral molecules. The reason is as
relevant to the coexistence of helical and random coil domains, follows: the extension of two components of chains pointing
which is reminiscent of a first-order transition, and that the towardy- andz-axes mainly contributes to uniaxial compression,
abrupt jump in the tension represents the onset of the destructionwhereas that of only one component of chains pointing toward
of induced helices. x-axis mainly contributes to uniaxial elongation. Note that
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Figure 6. Chirality order parametepnemorkis plotted as a function of
the strain facto# for varying enantiomeric excesgof solutions. The
figure corresponds ta = 100,0 = 0.01,y = 3.0, andx = 0.4. We

interpolate horizontal lines around states of the elongational limit.

uniaxial compression is equivalent to biaxial elongation under
the assumption that the volume of the network is conserved. In
Figure 5b, the stressstrain curves have characteristic profiles
different from sigmoidal ones observed for rubberlike materials
made up of synthetic polymers without higher-order structures
such asa-helices and3-sheets314 In both elongational and
compressional cases, shoulders are observed in the strain regio

The shoulders mainly reflect the destruction of helices induced
on an ensemble of chains in the network. The rapid divergence
in the stress under large deformation is due to the finite
extensibility of the constituent polymers in the network.

The networks made up of biopolymers such as homopolypep-

\

where the helix content decreases. As the concentration of the,
chiral molecules increases, the shoulders are made much clearef

Macromolecules, Vol. 40, No. 13, 2007
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Figure 7. Enantiomeric excessa.work Of the network is plotted as a
function of the strain factoi for varying enantiomeric excese of
solutions. The figure correspondsre= 100,0 = 0.01,y = 3.0, and

x = 0.4. We interpolate horizontal lines around states of the elongational
limit.

Therefore, any macroscopic deformation of the network leads
t0 Ynetwork = 0. This means that the network in the casesef

= 0 is always optically inactive. In contrast, wheeslightly
deviates from 0, the small chiral symmetry breaking is largely
amplified as the preferential adsorption of the major component
gf chiral molecules onto the constituent chains in the network,
eading to finite chirality order parameter of the network even
n the natural state. When the network is uniaxially elongated
or compressed in the case ek = 0, the chirality order
parameter first increases, then reaches a peak, and finally decays
toward a steady value.

Although the chirality order parameter is indeed an experi-
mentally measurable quantity, the quantity is useless to discuss

tides have been recen“y studied through theoreticaL Computa_the Optical resolution procedure. In order to describe the chiral

tional, and experimental approaches. Kutter and Teréeltjev
constructed a novel network model by combining the statistical
theory of a single helix-forming polymer proposed by Buhot
and Halperif® with a conventional network theory. Varshney
and Carr” calculated elastic, conformational, and thermody-
namic properties of a coarse-grained model chain which can
undergo the helixcoil transition by using a Monte Carlo
method based on the Wangandau sampling algorithA¥.They
combined the numerical results for the above single model chain
with the three-chain model to investigate mechanical and
conformational properties of the network made up of such
helical polymers?-2°The relationship between the helix content
and macroscopic deformation of the network independently
calculated by Kutter and Terentjévand Carri et al®20 has
almost similar profiles to the ones shown in Figure 5a although
the molecular mechanism of helix formation is different. Courty
et al?122 |ater confirmed such relationship for a biopolymer
network (gelatin gel) experimentally by combining a method
for measuring the optical rotation, which is proportional to the
helix content, with a stressstrain apparatus. The stresstrain
relation calculated by Carri et &:29also has similar profiles

to the ones shown in Figure 5b.

4.2. Networks in Solutions Containing Almost Racemic
Chiral Molecules. In this subsection, we study the more
interesting case of solutions in which chiral molecules in almost
racemic form are dissolvede¢ =~ 0) and then discuss the

polarization of the network itself, we here introduce the
enantiomeric excessgemork Of the network as

(R

0D worc— 0
e% = network network (23)
etwork — R
eﬁlsgtwork_l_ ege)twork

Figure 7 shows the enantiomeric exceggwork Of the network

as a function of the strain factarof the network at three values

of enantiomeric excess of solutions mentioned before. When
ee= 0, any macroscopic deformation of the network leads to
e&ework= 0. In contrast, whereslightly deviates from 0, the
small chiral symmetry breaking is largely amplified as finite
enantiomeric excess of the network as in the case with the
chirality order parameter. For example, even in the natural states
(A = 1), e6etwork = 0.28 in the case ofe= 0.005 (56 times
that of the surrounding solution) ae@ework= 0.52 in the case

of ee= 0.010 (52 times) as shown in Figure 7. In addition,
when the network is uniaxially elongated or compressed in the
case ofee= 0, the enantiomeric excess of the network shows
a transient increase. An example of the simplest procedures as
application of this principle to optical resolution is as follows:
(2) swelling of the network in a solution witkeslightly deviated
from 0O; (2) macroscopic deformation of the network in the
solution in order to preferentially adsorb the major component
of chiral molecules onto the constituent chains in the network;

possibility of optical resolution by macroscopically deforming (3) washing of the deformed network in a pure solvent in order
the cross-linked network in such solutions. Figure 6 shows the to remove the chiral molecules attached on the constituent
chirality order parametepnemorkas a function of the strain factor  chains; (4) condensation of the solvent used for the washing
A of the network at three values of enantiomeric excess of process by evaporation of solvent molecules; (5) macroscopic
solutions: ee= 0.000, 0.005, and 0.010. Whee = 0, chiral deformation of the network in the condensed solution; (6)

symmetry in the whole system is completely maintained. repetition of operations-35. The repetition of operations-%
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results in separating almost racemic mixture of chiral molecules chiral molecules. Such external fields probably break the chiral

into optically pure species in principle. symmetries of several variables suchaa(T), and« in our
_ model. It is expected that such chiral symmetry breaking realizes
5. Conclusion optical resolution of exactly racemic mixture of chiral molecules

In this paper, we have proposed a simple network model for by the procedure proposed in the preceding section. In our
chiral stimuli-responsive gels by a combination of the statistical previous papet,the effect of asymmetry i was already
theory of a single induced-helical polymer chain presented in studied for a single induced-helical polymer system, and it was
our previous papérand a conventional affine network theory found that the stretching of the polymer can lead to optical
in order to investigate mechanical and optical responses of suchresolution of the exactly racemic mixture.

a network to macroscopic deformation. We have found thatthe ~These problems will be addressed in the future studies,
stress-strain relation of the network in a solution of chiral together with the direct comparison between numerical and
molecules has characteristic profiles that are not observed inexperimental results. We hope that both mechanical and optical
conventional networks made up of random-coil polymers properties of the chiral stimuli-responsive gels prepared by Goto
without higher-order structures. We also have found that as theet al? will be measured by using experimental methods such
network is macroscopically deformed, the chirality order as that devised by Courty et %22

parameter shows a transient increase under appropriate condi-
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