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Chiral Aggregation Phenomena. 1.
Acid Dependent Chiral Recognition in a Monolayer
Sir:

We present here a preliminary report of surface tension
measurements and force-area curves which demonstrate a
clear acid dependence between molecular packing in enan-
tiomeric and racemic N-a-methylbenzylstearamide (I) mo-
nolayers. The observation may be of importance to the study
of biomembranes. To the best of our knowledge it is also un-
precedented and is probably quite general.

Figure | shows that films of I spread on aqueous sulfuric
acid solutions are surface active (by du Noily tensiometer),
commencing at ~1 N acid for racemic amide and 4.5 N acid
for pure (S)-(—) or (R)-(+) enantiomers. Figure 2 shows the
same type of acid-dependent discrimination as manifested
through force-area curves at different acidities.!+2

It is significant that chiral discrimination commences at
rather large molecular areas (85-90 A2/molecule) where in-
termolecular packing is still quite loose. Figure 2 shows clearly
that enantiomer-racemate discrimination becomes increas-
ingly pronounced as the molecular area is reduced even though
both films are monolayers and no sharp phase changes have
occurred. The force required to pack racemic molecules is
consistently higher, at a given molecular area, than is that for
pure enantiomers. In harmony with this observation, Figure
|1 shows that, at 60 Az/molecule, the racemic monolayer is
more easily expanded as a function of increasing acid than are
the enantiomeric monolayers.

Biomembranes are very thin multilayers composed largely
of chiral amphiphilic molecules. The significance of our ob-
servation to membrane study comprises the following. (a)
Chiral recognition probably can occur in multilayers even at
molecular separations which are considerably larger than those
encountered in lipid crystals. (b) Chiral recognition for ori-
ented biological systems such as membranes may be quite pH
dependent. (¢) Monolayer studies of racemic lipids as models
for optically active natural material are necessarily inconclu-
sive. (d) Chiral discrimination between pure enantiomeric and
racemic mixtures has previously been reported for several
long-chain alcohols,?- their esters,’ and a polyamide.® Similar
behavior of the amide reported here, despite its drastically
different shape, implies that such discrimination is not a very
subtle effect and is probably quite general.

In view of the small (30 ug) quantities of material used to
establish the monolayer, and also the notorious sensitivity of
monolayer studies to impurities, we stress the significance of
the absolute method used here to confirm that the observed
differences between films spread from enantiomers and those
cast from the racemate are truly due to differences in inter-
molecular packing rather than to artifacts.” Enantiomers are
perfect models for each other since all of their physical prop-
erties are identical except for their interactions with polarized
light or with other chiral materials. Thus, the purity of enan-
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Figure 1. Surface tension lowering (4) by racemic and (S)-(—)-N-a-
methylbenzylstearamide films at 25 °C and molecular area of 60 A2/
molecule as a function of subphase acidity.
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Figure 2. Force-area surves for compression of monolayers of racemic (—)
and pure enantiomeric (R and S) (- - -) N-a-methylbenzylstearamide at
25 °C spread from hexane on 3, 6, and 10 N H,SO,.
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tiomeric monolayers is demonstrated when all physical prop-
erties, including their surface behavior, are the same within
experimental error. When this criterion is met, their (enan-
tiomeric) behavior with each other or their (diastereomeric)
behavior with other chiral surfactants can be assigned rigor-
ously to stereospecific intermolecular packing within the mo-
nolayer.

The stearamides were prepared by aminolysis of highly
purified methyl stearate with (R)-(+)- and (S)-(—)-a-
methylbenzylamine. The resulting enantiomeric amides were
purified to identical physical properties and were spread on
aqueous solutions prepared from triply distilled water and
distilled sulfuric acid using purified hexane as a spreading
solvent. Racemic monolayers were produced both from race-
mic amide and by spreading a 1:1 solution of the pure (R)-(+)
and (S)-(—) enantiomers. Results were identical. Corre-
spondingly, all measurements with pure enantiomer were
checked with both antipodes.

The film balance (designed by B.K.) was operated at 25 +
0.2 °C at a normal compression rate of 20 A2 molecule™!
min~!. Surface pressures could be measured to £1.4%. Fea-
tures of the force-area curves were reproducible to £2% for
the enantiomers and to £5% for the racemate molecules as
determined from the standard deviations of 22 points derived
from 14 replica curves for the enantiomers and 10 curves for
the racemate. Curves shown in Figure 1 are the composite
averages for such samples. Surface tensions were measured
with a Cenco du Noily type tensiometer calibrated against
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water at 25 °C before each series of measurements. Further
details of the experiments will be presented in a full
paper.??
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Noncoulomb Variation of Ion Pairing
in Polar Solvents

Sir:
For the primitive model (rigid charged spheres of diameter

a in a continuum), it is easy to show! that the association
constant K for contact pairs is given by

K = (4wNa3/3000) exp(e?/aDkT) (1)

(N = Avogadro’s number, e = unit charge, D = dielectric
constant, k = Boltzmann’s constant, and T = absolute tem-
perature). Constants for systems in which the ions are large
compared with solvent molecules (e.g., tetraalkylammonium
tetraphenylborides in acefontrile-carbon tetrachloride mix-
tures?) conform to eq 1, but, for systems in which the ions are
smaller than or comparable in size with solvent molecules, eq
1 fails completely to describe the change of K on changing the
solvent.? Figure 1 displays the pairing constants for potassium
jodide* in various mixtures of water, ethylene carbonate (EC),
tetramethylene sulfone (TMSu), dimethyl sulfoxide (Me,SO),
and tetrahydrofuran (THF). A 75:25 wt % mixture of EC and
TMSu is isodielectric with water; addition of this mixture to
water initially decreases and subsequently increases K. Ad-
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Figure 1. Pairing constants for potassium iodide in different solvents: O,
H,0: @, H,0-EC; ®, H;O-TMSu; @, H,O-EC-TMSu (see text); @,
EC-TMSu; ©, H,0-Me,SO: A, H,O-THF.

dition of TMSu to water decreases both K and D, while addi-
tion of EC to water decreases K but increases D. Different K’s
are seen in Figure 1 at the same values of D, while equal values
of K are observed for different values of D. A smooth curve can
be drawn through the points for a given solvent pair, but ob-
viously no function K = Fg(aD) exists which describes the
systems shown in Figure 1.

The qualitative explanation of the situation is simple: any
theory based on the primitive model (which assumes only
Coulomb interaction between ions) ignores completely all short
range ion-ion and ion-solvent interactions. The latter are
system specific and control the final steps in the formation of
contact pairs in real solutions. Therefore the primitive model
must be replaced by one which will permit inclusion of short-
range effects in addition to those due to the long-range Cou-
lomb force.

Consider the coupled equilibria

A*+ B~ = (A*...B") = A*B- 2)

where the symbol (At ... B™) represents a solvent separated
pair, and A*B~ a contact pair. Unpaired ions (concentration
¢v) are ions which find no other ion in a sphere of diameter R
centered on those ions; R is the diameter of the Gurney co-
sphere. Paired ions are ions which find one ion of opposite
charge in the range @ < r < R where r is the center-to-center
distance of the pair. Contact pairs are ions which find one ion
of opposite charge in the shell of nearest neighbors; all other
nearest and next-nearest neighbors are solvent molecules; if
« is the fraction of paired ions which are in contact, the con-
centration of contact pairs is ac(1 — v). The first step of (1)
is diffusion controlled; it can be shown® that

Kr=(1—a)(1—7)/cy’f?
= (47NR?/3000) exp(8/R) (3)

where 3 = ¢2/DkT. For r > R, continuum theory may be used
because by definition the solvent has bulk properties outside
the cospheres. Consider a cation which finds an anion at the
distance R: the anion may diffuse to distances » > R (become
unpaired) or, by site interchanges with solvent molecules,
eventually form a contact pair. The constant for the second step
of (1) is
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