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Abstract: Poly(n-hexyl isocyanate) adopts a helical structure in solution and the preference of one helical sense
induced by a nonracemic chiral solvent can be detected by the circular dichroism (CD) of the backbone chromophore
of the polymer. Addition of an achiral or racemic cosolvent leads to a reduction of the CD intensity, which can be
interpreted quantitatively as reflecting the composition of the solvent mixture in contact with the helical backbone
of the polymer. Equilibrium constants characterizing the relation between the solvent composition in contact with
the polymer and the bulk of the system are given for mixturesSpfL{chloro-2-methylbutane and a number of
achiral or racemic cosolvents. The relationship between the structure of the cosolvent and the extent of the preferential
solvation was surprising in several instances. The polymer was preferentially solvated by a highly branched
hydrocarbon although it was a precipitant and the preferential solvation by alcohols extended up to the point of
polymer precipitation. This unusual method for characterizing preferential solvation of this rod-like polymer is
compared with other methods used previously on flexible chain macromolecules.

Introduction to precipitating cosolvents. A good deal of information is
available on preferential solvation of small molecular species
in mixed solvent$;8 and our results may possibly aid in the
understanding of these phenomena and stimulate theoretical
approaches to the interpretation of our results.

Poly(n-hexyl isocyanate) {N(CeH13)CO—) prepared by
polymerization of-hexyl isocyanate is known to adopt a helical
conformation in solutiod. Although left- and right-handed
helices are equally probable when the polymer is constructed
of achiral monomer units, it has been found that a bias toward Results
one helical sense introduced by hardly chiral chain substituents
such asR)-1-deuteriohexyl groups leads to a surprisingly large

preference for one helical serseThis unusual effect is due to _ e
the high energetic cost of helical reversals in the polymer chain, 2-Methylbutane decreases to different extents on addition of

so that a very small energetic preference per monomer residuedifférent achiral cosolvents. The data suggested that this
for one helical sense is magnified by the large number of these décréase becomes more pronounced with an increasing affinity
residues between helical reversals. Statistical thermodynamic®f the cosolvent for the polymer. In this report we shall propose
analysis has shown how the excess of one helical sense depend Use this effect for the quantitative characterization of
on the small free energy difference per monomer residue preferennal solvation of the polymer in the mixed solvent
between the left- and right-handed helical sen€gsthe much ~ medium. . ,
larger free energy difference between the helical and the helical FOr Polyisocyanates sufficiently long to contain many rever-
reversal statesG,, and the chain length of the polyrrer. sals of the helical sense, the optical activiiy ¢f their solution

In line with these properties it was found that the solution of was shown to be givéras
poly(n-hexyl isocyanate) in nonracemic chiral solvents also
causes an excess of one helical sénd&e have now found [od/[o]e, = ('—Gh/RT)/[(|—Gh/RT)2 + 111/2 1)
that the circular dichroism arising from this chiral solvation in
(9-1-chloro-2-methylbutane solution decreases on addition of where pJ. is the optical activity of a polymer having a single
achiral or racemic cosolvents in a manner that can be interpretedhelical sense antl = exp(G,/RT) is the average number of
in terms of the composition of the solvent mixture in contact monomer residues between helix reversals. For pefgxyl
with the helical backbone of the polymer. This constitutes a isocyanate) in §-1-chloro-2-methylbutaneof/[a]. is 0.03?
highly sensitive method for the study of preferential solvation j.e., sufficiently small that it may be taken &&/RT. This
of a polymer in mixed solvents. We shall compare our data, must also be the case for mixtures of this solvent with various
obtained with a rod-like polymer, with data on preferential . . . .
solvation obtained by various methods on flexible chain Znéség{_ ?'\igd\‘,’eﬁfg‘;”éeelﬁé?ﬁaf?;‘”‘?,&‘éiffgﬁf 1%8?3r;g;;|§8.c;hemlsw
macromolecules stressing, particularly, the different response  (6) Skwieerczynski, R. D.; Connors, K. 4. Chem. Soc., Perkins Trans.

In a previous communicatidrit was shown that the optical
activity of poly(n-hexyl isocyanate) in solutions oB1-chloro-

21994 467.

® Abstract published idvance ACS Abstractsuly 1, 1997. (7) Acree, W. E.; Tucker, S. A.; Wilkins, C. D.; Griffin, J. M. Chem.

(1) Green, M. M.; Peterson, N. C.; Sato, T.; Teramoto, A.; Cook, R.; Phys. Liquids1995 30, 79.
Lifson, S.Sciencel995 268 1860 and references therein. (8) Wilson, G. M.J. Am. Chem. Sod964 86, 127. Prausnitz, J. M.;

(2) Green, M. M.; Andreola, B.; Munoz, B.; Ready, M. P.; Zero,X. Lichtenthaler, R. NMolecular Thermodynamics of Fluid Phase Equilibria
Am. Chem. Sod 988 110, 4063. 2nd ed.; Prentice Hall Publishers: Englewood Cliffs, NJ, 1986, pp-316

(3) Lifson, S.; Andreola, B.; Peterson, N. C.; Green, M.JMAmM. Chem. 318 and 233-234. For the most recent work with leading references see:
Soc.1989 111, 8850. Bagno, A.; Scorrano, G.; Stiz, 3. Am. Chem. S0d.997, 119 2299.

(4) Green, M. M.; Khatri, C.; Peterson, N. @. Am. Chem. S0d.993 (9) Khatri, C. Ph.D. Thesis, Polytechnic University, Brooklyn, NY, 1995,
115 4941. Chapter 1.

S0002-7863(97)00963-3 CCC: $14.00 © 1997 American Chemical Society



6992 J. Am. Chem. Soc., Vol. 119, No. 30, 1997

Table 1. Preferential Solvation of Polg¢hexyl isocyanate) by
1-Chloro-2-methylbutane in Solutions of This Solvent Mixed with
an Achiral or Racemic Cosolvent

K vol % cosolvent at

cosolvent a b  polymer precipitation
2,2-dimethylbutane 2.90
octane 245 2.37
hexane 2.08 2.14
2,2-dimethylhexane 1.40 1.40
2-chlorobutane 0.99 0.99
2-butanol 0.86 55
tetrahydrofuran 0.84 1.04
1-bromobutane 0.75
1-butanol 0.75 40
chloroform 0.63 0.53
2-octanol 0.57 50
1-octanol 0.36 25
2,2,4,4,6,8,8-heptamethylnonane 0.27 60

aPresent study.? Reference 9.
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Figure 1. Ratio of the CD intensityd] of poly(n-hexyl isocyanate)

cosolvents. Although studies on the solvent dependence of thein mixtures of §)-1-chloro-2-methylbutane (A) with an opticaly inactive

properties of poly(R)-2-deuteriohexylisocyanat€)show some
effect of the solvent ob Gy, different chiral groups may exhibit
a sensitivity of this parameter to the solvent medium that is
unknown. We shall therefore assume that the optical activity
of the polyisocyanate in mixtures of an optically active and an
achiral solvent reflects only the fraction of the optically active
cosolvent in contact with the polymer backbone, where it can
affect the excess of one helical sense. Thusyjind [o], are
the intensities of the CD spectra in the solvent mixture and in
the pure optically active solvent, respectively,
[al/[od, = [PAI(PA] + [PI]) 2
where [PA] and [PI] are the concentrations of the optically active
and inactive solvents in contact with the polyisocyanate
backbone.

cosolvent (1), and in the absence of the cosolveu$ s a function of
the molar ratio [IJ/[A]: (1) 2,2-dimethylbutane; (2) hexane; (3) 2,2-
dimethylhexane; (4) racemic 2-chlorobutane; (5) chloroform; and (6)
1-octanol.

concentrated in the polymer domain. Representative plots in
Figure 1 show that the difficulty of displacing the achiral
cosolvent increases in the order hexaneacemic 2-chloro-
butane< chloroform, as might be expected. Chloroform may
be hydrogen bonded to the CO group of the polymer, chloro-
butane may be attracted to the CO group by dipdlipole
interaction, whereas the nonpolar hexane should have the
weakest interactions with the polymer.

Surprising results were obtained with cosolvents which
precipitated the polymer at sufficiently high concentration, i.e.,
two isomeric alcohols, and the highly branched 2,2,4,4,6,8,8-

EXpreSSing then the relation between the concentrations theptamethy|nonane’ which all exhibited Strong preferentia|

the solvent species in the bulk of the system, [A] and [I], and
their concentrations in the polymer microdomain by the equi-
librium

([PAIID/PIAD =K ®)

we obtain
{[ady/[od} — 1= (L/KAIVIA] } (4)

(A similar equilibrium between the composition of a solvent
mixture in the bulk of the system and in the solvation shell of
a dye has been shown to accdunfor the dependence of the
spectroscopic properties of dyes on the composition of mixed
solvents.) We found that in mixtures ofS¢1-chloro-2-
methylbutane with a number of achiral cosolvents, plotxdd/[

[a] against [1)/[A] are linear as predicted by this simple model.

solvation of the polymer. In the case of the alcohols, the
attraction to the polymer was more pronounced with the isomer
which was the stronger precipitant. While hydrogen bonding
of the alcohols to the polymer would account for this behavior
at low alcohol concentrations, it is striking that the preferential
solvation continues up to the point of polymer precipitation, in
sharp contrast, as we shall see, with the behavior of alcohol
cosolvents of hydrogen bonding flexible chain macromolecules.
As for the high solvating power of the highly branched nonane,
we might conjecture that it acts by bridging two alkyl side chains
of the polymer, impeding access of the polar cosolvent to the
polymer backbone. Another anomaly is that while hexane and
octane have simila values, their isomers 2,2-dimethylbutane
and 2,2-dimethylhexane hawtevalues differing by a factor of

2 (Table 1).

This does not necessarily exclude the possibility that the changeComparison with Previous Studies of Preferential

in the polarity of the medium might make a contribution to the
dependence of the optical activity of the polymer on the
compositon of the binary solvent, but we believe that such an
effect would be minor and tha€ as defined by eq 4 gives at
least a close approximation to the composition of the solvent
mixture in contact with the helical backbone of the polymer.
Table 1 listsK values obtained for 13 cosolvents, wh&re 1
indicates preferential solvation by th&-{1-chloro-2-methyl-
butane, whereakK < 1 indicates that the achiral cosolvent is

(10) Okamoto, N.; Mukaida, F.; Gu, H.; Nakamura, Y.; Sato, T.;
Teramoto, A.; Green, M. M.; Andreola, C.; Peterson, NMacromolecules
1996 29, 2878.

Solvation of Polymers in Mixed Solvents

Past studies of preferential solvation of polymers in mixed
solvents by light scattering, dialysis equilibrium, and centrifuge
sedimentation equilibrium were all carried out on flexible chain
macromolecules. Any difference in the results obtained previ-
ously and in the present study may be due both to the rigidity
of the polyisocyanate and to our method for evaluating the
preferential solvation. Our method reflects the cosolvent
composition in contact with the helical polymer backbone, where
it may affect the sense of the helix, rather than this composition
in the entire polymer domain.



Preferential Salation of a Polymer in Mixed Soénts

In 1946 Debye and his co-workétpointed out that it would
be advantageous to determine the molecular welghof a
polymer by light scattering in solutions in which the expansion
of the chain molecule would be reduced by addition of a
precipitant so as to minimize the destructive interference of the

scattered light. However, in that case one has to take account

of the difference in the composition of the solvent mixture in
the polymer microenvironment and in the bulk of the system if
the components of the solvent mixture have different refractive
indices. This was done by using in place of the factatdcy,
wheren is the refractive index and, is the polymer concentra-
tion, employed when deriving the molecular weight of a polymer
from light scattering in a single solvem/oc, — (W /dcy)(on/
oW), whereW; andW are volume fractions of cosolvent 1 in
the polymer environment and the bulk of the system, respec-
tively.

Stockmaye¥? showed how the ratio of the apparent light
scattering molecular weight of a polymer in a mixed solvent to
its true value Map/M, depends on the thermodynamic param-
eters and binary refractive index increments of the system, and
Read?® used his formalism with the two FlosHuggins
polymer—solvent and solventsolvent interaction parameters
from the literature to estimate a “preferential solvation coef-
ficient” A; specifying the volume of cosolvent 1 bound per unit
weight of polymer (mL/g). He also showed th&t can be
obtained from the ratio of the apparent molecular weidhg,
obtained by light scattering from a mixed solvent without regard
to the preferential solvation to its true valt¥e from

®)

whereg; is the volume fraction of component 1 in the mixed
solvent. The calculated and experimental value#;dbr the
sorption of benzene by polystyrene in a benzene/cyclohexane
mixture were in reasonably close agreement. Later, this system
was studied by Strazielle and Benditwho used a similar
approach to estimatg from light scattering, and their results
are compared with Read’s in Figure 2.

For solvent mixtures whose components differ appreciably
in their refractive index, dialysis equilibrium was also found to
be convenient for the study of preferential solvatiéri’ If
the refractive index increment i8r{/dc,). for a constant solvent
composition and dn/dcy), for a constant composition of the
solvent mixture in dialysis equilibrium with the polymer
solution, then,

A1 =[(on/dcy), — (dn/dcy) J/(dn/de,)

Ay = [(MgpdM)Z — 1] (dr/dc,)/(dn/dp,)

(6)

A third approach to the characterization of preferential
solvation was pioneered by Cowie et ®lwho derivedl; from
the distribution of the high density cosolvent bromoform in a
benzene solution of polystyrene at ultracentrifuge sedimentation
equilibrium. A detailed analysis of this technique was presented
by Chu and MunK? who applied it to a number of systems.
Their result for polystyrene in benzene/cyclohexane is similar
to those obtained by light scattering. An excellent bibliography
of preferential solvation is a valuable part of their paper. Note

(11) Ewart, R. H.; Roe, C. P.; Debye, P.; McCartney, J.MChem.
Phys.1946 14, 687.

(12) Stockmayer, W. HJ. Chem. Phys195Q 18, 58.

(13) Read, B. ETrans. Faraday Socl96Q 56, 382.

(14) Strazielle, C.; Benoit, Hl. Chim. Phys1961, 58, 678.

(15) Zivny, A.; Pouchly J.; Slc, K. Collect. Czech. Chem. Commun.
1967, 32, 2753.

(16) Podéega, J.; Kratochily P. Eur. Polym. J.1972 8, 1179.

(17) Hert, M.; Strazielle, CMakromol. Chem1974 175 2149.

(18) Cowie, J. M. G.; Dey, R.; McCrindle, J. Polym. J.1971, 2, 88.

(19) Chu, S. G.; Munk, PMacromoleculed 978 11, 879.
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Figure 2. Preferential solvation coefficient of benzene in a polystyrene
solution of benzene/cyclohexane. The solid line is calculated from
binary interaction coefficients. Experimental Point®) tef 14; ©)
ref 13.

that all three investigators estimated the maximunmipfor
polystyrene in benzene/cyclohexane to be about 0.15 mL/g, and
as Strazielle and Benoit pointed ddtthis corresponds to one
benzene molecule preferentially sorbed to five monomer residues
of polystyrene.

We may then inquire how the equilibrium const&hused
in our work to characterize preferential solvation is related to
the parametet;. If xis the mole fraction of the preferentially
sorbed component ands its mole fraction in contact with the
monomer residues of the polyisocyanate helical backbone, then
yI(1 —y) =Kx(1—x)=Zandy =Z/(1+ Z). The preferential
solvation coefficient is then given byy = (y — X)V/m, where
V is the molar volume of the preferentially sorbed solvent and
mis the molecular weight of a monomer residue of the polymer.
For instance, for polyt-hexyl isocyanate) in an equimolar
mixture of hexane and 1-chloro-2-methylbutakes 2.1,x =
0.5,V=122 mL,m= 125 g, andl; = 0.17 mL/g. Note that
in our case we define preferential solvation in terms of the chiral
cosolvent in contact with the helical backbone of the polymer
(where it can exert an effect on the sense of the helix) whereas
results obtained by light scattering, dialysis equilibrium, or
ultracentrifuge sedimentation equilibrium do not distinguish
between the manner in which the cosolvent is sorbed by the
polymer.

When Strazielle and Benoit proposed eq 5 for the estimation
of preferential solvatiod? they assumed that this effect is
independent of the chain length of the polymer. This assump-
tion was later shown to be at fault with declining to a limiting
value 1. for long chain molecules, particularly when the
cosolvent was a precipitant for the polymer. Dondos and Benoit
found that the data fitted the relation = A, + A/(M)Y220
whereA was a constant, and this was substantiated by later work.
Since the probability of contact between a given chain segment
with any other segment of the chain is lineaf\iT/2,21.22the
decrease of; to a limiting value as the chain length is increased
may be understood as reflecting the competition between
segment-segment and segmergolvent contacts.

(20) Dondos, A.; Benoit, HMakromol. Chem197Q 133 119.
(21) Goodman, N.; Morawetz, H.. Polym. Sci1971 A-2,9 1657.
(22) Casassa, BRolym. J.1972 3, 517.
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preferential solvation by the paraffin? Would it involve a
reversal of the sign of;?

Concluding Comments

Our data show that a simple equilibrium can relate the
composition of a mixture of a chiral nonracemic solvent and
an achiral or racemic solvent in contact with the backbone of a
polyisocyanate with the composition of the solvent mixture in
the bulk of the system. This is accomplished by observation
of the circular dichroism of the helical chromophore of the
polyisocyanate, which reflects the ratio of the right and left
handed helical senses controlled by the solvent in contact with
the backbone. The use of the stiff polyisocyanate reduces
complicating effects due to changes in the extension of the
polymer chain, since the polyisocyanate backbone is known to
be independent of the population of the helical reversals along
the chairt and only weakly dependent on solvent composition

In view of our observation that the polyisocyanate dissolved compared to flexible polymefs?® With flexible polymers,
in (§-1-chloro-2-methylbutane is preferentially solvated by transitions in the local chain conformation have also been
alcohols up to the point of polymer precipitation, it was of assumed to affect preferential solvati®il On the other hand,
particular interest to compare these results with those obtainedthe interpretation of the data is made more difficult since the
by light scattering in analogous systemsivig et al!®> and components of the solvent mixture interact with both the polar
Katime and Strazielf8? studied poly(methyl methacrylate) i packbone of the polymer and its long paraffinic substituents.
good solvents with methanol as a cosolvent and found&hat 1t js surprising that alcohols are preferentially adsorbed by
changes sign as the composition of the solvent medium is varied,the polyisocyanate up to the point of precipitation. This is in
with methanol adsorbed preferentially only at low alcohol contrast with the behavior of the flexible hydrogen-bond
concentrations. (Casag3#ried to interpret the dependence of acceptor poly(methyl methacrylate) in mixtures of a good
preferential solvation on the composition of the binary solvent golyent and methanol. Here the polymer is preferentially
by a simple equilibrium such as proposed in eq 3, but pointed sgyated by the alcohol only when its concentration in the mixed
out that this could obviously not account for a sign reversal of sojvent is low and the preferential solvation coefficient changes
A1). On the other hand, with polystyrene in benzene/methanol sign well before the polymer precipitation. A possibly related

mixtures?®> benzene is preferentially sorbed at all solvent \nexpected result was the strong sorption of the heptamethyl-
compositions up to the polymer percipitation (Figure 3). This

0
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Volume % methanol

Figure 3. Preferential solvation coefficients of benzene for poly(methyl
methacrylate) solutions in benzene/methaii¢h) and for polystyrene
in benzene/metharfdP (b).

04 0.5

different behavior is clearly due to the fact that poly(methyl
methacrylate) is a hydrogen-bond acceptor, so that a small
addition of methanol to a benzene solution of the polymer
improves the solvent power of the medium. In fact, Gavara et
al2* and Maillols et aP® found that in a number of systems the
solvent composition at which the preferential solvation coef-
ficient changes sign corresponds to the optimization of the
solvent medium. A theoretical treatment of such reversals in
terms of the three binary interaction parameters in the ternary
system was presented byvAy and Pouchl§f and by Gavara

et al.?* and a compilation of numerous data illustrating the

reasonable agreement between the composition dependence (go
A1 as predicted by theory and as found experimentally was be

published by Horta and Criado-SanctoYet, one may wonder
whether the power of available theory would be adequate to

explain such consequences of small changes of molecular

structure as found by Katime et &F.who reported that for
poly(methyl methacrylate) in benzyl alcohol/butanol mixtures
an inversion of preferential solvation is observed with the
secondary, but not the primary, butanol. Unfortunately, no
studies exist on the trend of the preferential solvation parameter
in systems of a flexible polymer, such as polystyrene or
poly(methyl methacrylate), in a mixture of a good solvent and
a nonpolar paraffin precipitant. Would such a system exhibit

(23) (a) Katime, |.; Strazielle, CMakromol. Chem1977, 178 2295.
(b) Dondos, A.; Benoit, HJ. Polym. Sci., Polym. Phys. Et977, 15, 137.

(24) Gavara, R.; Gomez, C.; Compos, A.; Celba,RBir. Polym. J1974
10, 891.

(25) Maillols, H.; Bardet, L.; Gromb, SEur. Polym. J. 1979 15, 307.

(26) Zivny, A.; Pouchly J.J. Polym. Sci1972 A-2,1Q 1467. PoucHly
J.; Zvny, A. Makromol. Chem1987, 183 3019.

(27) Horta, A.; Criado-Sancho, MPolymer1982 23, 1005.

(28) Katime, J.; Valenciano, R.; Teijon, J. Mur. Polym. J.1979 15,
261.

nonane, a precipitant for the polyisocyanate.

It should also be noted that the formulation of the equilibrium
between the cosolvents in the bulk of the system and in contact
with the helical backbone of the polymer in terms of their
molarity (eq 3) assumes implicity ideal solution behavior,
whereas solvent mixtures containing 2-chlorobutane with iso-
meric butanols were show#to exhibit large positive deviations
from solution ideality. In spite of this, the plots in Figure 1
were linear, which implies that activity coefficients of the
cosolvents in contact with the polymer backbone are similar to
those in a polymer-free cosolvent mixture.

It would be desirable to obtain data on the preferential
Ivation of polyisocyanate by one of the technigues which have
en employed for flexible polymers, so as to compare them to
our results. Also, it would be interesting to apply such methods
to the determination of preferential solvation of flexible
polymers in mixtures of a good solvent and a paraffinic
precipitant.

Whereas there have been many studies on preferential
polymer solvation in mixed solvents, this is the first attempt to
explore the dependence of this effect with a single polymer on
the nature of a large number of cosolvents. The results found
here will require further exploration. Why is it, for instance,
that we found little difference between the behavior of hexane
and octane while branched paraffins and alcohols exhibited a
substantial dependence of their behavior on the chain length?

(29) Cook, R.; Johnson, R. D.; Wade, C. G.; O'Leary, D. J.; Munoz, B;
Green, M. M.Macromoleculed99Q 23, 3454. Berger, M. N.; Tidswell,
B. M. J. Polym. Sci. Polym. Sym{973 No. 42 1063.
(30) Viras, F.; Viras, K.; Dondos, AEur. Polym. J.1974 10, 891.
(31) Molinou, I.; Paliologou, M.; Viras, F.; Viras, Kur. Polym. J1991,
27, 277.
(32) Artigas, H. et alJ. Chem. Eng. Datd994 39, 729. Cea, P. et al.
J. Chem. Eng. Datd 995 40, 692.
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Such questions may stimulate interesting interactions betweento a 96% enantiomeric excess. All the cosolvents (Table 1) for the
this work and theoretical methods designed to understand the(S)-1-chloro-2-methylbutane were purchased from Aldrich Chemical
nature of solvatiod® It is remarkable that although the excess Co. in the highest purity available and used without further purification
of one helical sense of the polyisocyanates, leading to the except for then-alkanes, WhiCh were washed Wi'Fh water and acid and
circular dichroism signal, is brought about by a minute energetic distilled, and chloroform, which was shaken with calcium carbonate

. . . - - and distilled? In the cases of 2,2-dimethylbutane and 2,2-dimethyl-
interaction of the chiral solvent with the polymer backbone (with hexane, carbon-13 NMR data were consistent with the structures.

Gn of the order of 0.04 cal/moB# this effect can be potentially —"c - “siock solution of 16 mg of polyhexyl isocyanate) in 2
used to estimate the much larger solvation energies involved in | of (9-1-chloro-2-methylbutane 0.25 mL was transferred to a
the preferential solvation studied here. volumetric flask which was made up to 1 mL with a mixture of the
) - cosolvent and the§j-1-chloro-2-methylbutane. The consistancy of the
Experimental Sectior? polymer concentration was checked in all the final solutions by the

Circular dichroism spectroscopy was carried out by using a JASCO absorbance at 257 nm. Circular dichroism intensities were measured

710 spectrophotometer with cylindrical quartz cells with 6:0105 at 257 nm from scans made over a wavelength range allowing
cm path lengths. Temperature controlled scans were preformed with observation of the helical chromophore with repeated scans to attain a

use of a thermostated cell holder attached to a Neslab constantN€cessary signal-to-noise ratio. The circular dichroism spectra were
temperture thermostat. all identical in form with that shown for polpthexyl isocyanate)

Poly(n-hexyl isocyanate) was prepared according to the literature dissolved in the®-1-chloro-2-methylbutang.As in earlier worki the
with a viscosity average molecular weight of 66 390(S)-1-Chloro- circular dichroism intensity was about 2.2 mdeg in a 0.01 cm cell in
2-methylbutane was used as purchased from TCI America and had athe absence of the cosolvent.

specific rotation at the D-line compared to the literatficerresponding

(33) For leading references see: Jorgenson, WChemtracts: Org. Acknowledgment. We are grateful to the National Science
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also refs 5-8. . "
(34) Abstracted from the senior undergraduate thesis to be submitted by and the Office of Naval Research for their support of our work.

Yevgenia Pavlova and the doctoral thesis of Chetan Khatri at the Polytechnic W€ also wish to thank Professors J. Polchiyl P. Munk for

University, 1995. their constructive criticism of an early draft of this paper.
(35) Shashoua, V. E.; Sweeny, W.; Tietz, RJFAm. Chem. So496Q
82, 866. ltou, T.; Chikiri, H.; Teramoto, A.; Aharoni, $olym. J.1988 JA9709637

20, 143. Kuwata, M.; Murakami, H.; Norisuye, T.; Fujita, Macromol-
ecules1984 17, 2731. For an improved method of synthesis see: Patten,  (36) Diem, M.; Diem, M. J.; Hudgens, B. A.; Fry, J. L.; Burow,D. F.
T. E.; Novak, B. M.J. Am. Chem. S0d.996 118 1906. Chem. Soc., Chem. Commur276 1028.




