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If an optically active substance is added to
a mixture of d- and l-optical isomers which
are interconvertible to each other, the original
equilibrium between d- and Il-isomers is
expected to change. This seems to cause a
new type of solvent effect on the optical
rotation, the feature of which is that the
solvent molecules themselves contribute to the
optical rotation. Before the addition of an
optically active substance there exist an equal
number of the molecules of d- and l-isomers
in the mixture, so it shows no optical rotation,
but after that addition, the number of mole-
cules of d- and l-isomers in equilibrium is ex-
pected to become unequal; this unbalanced
number of molecules of either d- or l-isomer
contribute to the total optical rotation.

This problem also seems to be important
for studying asymmetric synthesis in an
optically active solvent, because it is intimately
related to the optical purity of the product.

In order to clarify the fundamental features
of these problems, the statistical mechanics of
such systems have been developed and the
influence of the addition of optically active
substances on the equilibrium between inter-
convertible d- and l-optical isomers has been
examined.

Theory

Consider a system consisting of N, molecules
of either d- or l-isomer of an optically active
substance of species A and of Nz molecules
of a mixture of interconvertible d- and I-
isomers of species B, namely, Ng=Ng;+ Np,
where Np, and Np, denote the number of
molecules of d- and l-isomers respectively.

For the sake of simplicity, assumptions similar
to those described in previous papers'? are made.
These are briefly summarized here again:

1) K. Amaya, This Bulletin, 34, 1689, 1803 (1961).
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1) The molecules of species A and B are
covered by z planes. One of them consists
of 3 different subelements; the arrangement
of these three subelements for d- and l-isomers
are mirror images of one another (this plane
will be called the optically active plane).
The remaining z-1 planes, composed of one
uniform element and the pair of optically active
planes in contact, can take three sets of con-
figuration of a different energies.

2) The molecules of A and B have the
same molecular volume ; these molecules occupy
the lattice points of the quasi-crystalline lattice
of the nearest neighbors of z, and the mole-
cule at a given site posseses 3z orientational
freedom.

3) The configurational energy of the system
is the sum of the potential energy of the 1/2-
Z(Na-+ Ng) pairs of the surface plane of the
molecules in contact.

To make the fundamental features of the
problem as clear as possible, mathematical
rigorousness is abandoned and we now intro-
duce a concept of effective potential energy
for a pair of optically active planes and attri-
bute any difference between two optical iso-
mers to it. Here “effective” means that we
take the weighted mean of the potential energy
of a given pair of planes in contact by aver-
aging three different configurations by multi-
plying each Boltzmann factor.

Following the above assumptions, it can
easily be expected that the non-zero value of
the effective interchange energy of Bsy and B,
molecules, wa, arises only from the pair of
optically active planes, and that the differences
in the effective interchange energy of A and
Bas molecules, wapy, and that of A and B,
wap,, also arise from the difference in the
potential energy of the pairs of optically active
planes of the A and By molecules and those
of the A and B, molecules.

Following the model described above, wag,
—wap, and wa will be estimated. If the
potential energy of the i-th configuration of a
pair of optically active planes from the pairs
of molecules A-A, Bq—Bg, Bi-Bi, A-By, A-B; and

dd 11 d
By¢-B, are denoted by Uih., Uss, Uss;, UAB:,

Uﬂ'm and U]H;‘ respectively, the weighted mean
potential energy of each pair over three dif-
ferent configurations may be represented as:
Uﬂx: i U:?\‘ e‘“U:f‘-\g/kT/ é e U;?h/k?
=1 i=1
3 dd 3 dd
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Since each term of Ui%,- has a different value,
from the corresponding term in Uilsf, the

. . . d =1
effective potential energies, UAs and Uap, have
different values. In a similar way, it is deduced

that Ulglla and U.;’E or US}; and Uélg have differ-
ent values. In this way, d and 1 optical
isomers in the system can be made distinguish-
able energetically.
Further, we define the following quantity :
1 1

Za= {(z ~ 12U + 2(z— DURR+ US|

1 .
- zz-—{(z ~ 1)?USB+ 2(z — 1) USh+ Ush)

and

1
to=y @~ DU+ 2(z — 1) USS+ Uss]
where Xa, ¥,* and Xy * indicate the mean
potential energy per molecule of the A, By

and B molecules respectively ; U,l{bA and Uﬁ"ﬁ
are the potential energies of a pair of planes
which are not optically active of the A and B

molecules respectively, and Uia and Ugg are
those of a pair of** planes, one of which is
optically active and the other of which is
optically inactive for A and B molecules
respectively.

The interchange energy of A and Bu, Wang,
that of A and B, wag, and that of By and By,
wai, molecules are, by definition, expressed as
follows :

2wwd=%{(z — D)Wz 1)
X(U§‘§+U§E)+Ui‘.’a}—z Xa—2 sy
2wm=%{(z — 12U+ (z— 1)
X(U§%+UX“B)+U,:'B}—2 La—2 In,
chuzé{(z — 1)2URB + 2(z—1)
+ U+ Uﬁ'ﬁ}—z Ipa—2 1n,

* xpa and Xp) are imaginary because By and B; are
interconvertible and an assembly of pure Ba or B; molecule
cannot exist.

** The suffix “a” denotes optically active and “b™
denotes optically inactive.
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Since UsSs=Usp (=Uss) and, hence, 7z,
=g, (=1g), it follows that

. : 1
Aw:WABd_WAm:_Z_'(Ui%— USIB)
: 1
WdIIT(UgilB—“ Usg)

Having thus defined these quantities, we can
proceed to the next step.

Before considering the ternary system, we
must first consider the pure solvent system, a
binary system composed of Ng,; molecules of
Ba and Ng, molecules of B,

The configurational free energy of the system
FcB is represented as:

(Ngy+Ng)! | Nsy Np,
FeB=—kTIln—"=24 7177 | “7Bd 7781
© N Nl Noy! Ngt2 o

— X Ng—kT NgIn3z

In the equilibrium state, Fc® must be the
minimum.

Then, the first derivative of Fo® with respect
to Npy under the condition that Np= Np,-+ Ng,
=constant must be zero, we have

0 FcB

(’EKFBT) Ny KT 10 Nag /(Ns— Nay)

+ (Ng— 2Npg)) war=0

Since the Bs and B; molecules are equivalent,
the same relation must hold for Ng,. Therefore,
we obtain, by using the relation N, = Nz— Ng, ;

_OFc" ) _
(6N31 N, = KT I (N5 = N5,)/Nag

+ (2 Npy— Ne)war=0

For the simultaneous satisfaction of these two
relations both terms must always be zero; it
follows that

1
N

2 B
Next, we consider the solution, a ternary
system composed of A, Bs and B, molecules.

The configurational free energy of the system
F¢ is represented by

NBd "=NBl=

(Ns+ Ng)!
=—N _ __ n-—> B/ _
Fe= aXa—Nele—kT nNA! Nog! Nay!

NA NB[
Ni+Ns

NA NBd =
NatNp "%t

NBd NB]_
(Ns+ Np)

“The equilibrium concentration of By or B
molecules is the one that minimizes Fc. This
.can be obtained by differentiating Fe with
respect to Npq or Np, under the condition
that Np=Nps+ Np, is constant, and by then
.equating it with zero. Thus, we obtain

~(Wapg— 4w)

+ war— (Na+ Ne)kT1In 3z
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NBd

NB_NBd

+ (Ns—2 Nsy)/(Na+ Np)wa=0

By introducing the notations y and x. defined
by the following equations:

_ Nsq_

y NB *

the above equation may be rewritten as:

kTIny/(1=y) +xs dw— (1 —x2) (1 — 2y)wa
=0
When y is close to 0.5, y can be replaced by
0.5+ 4. The logarithmic term is expanded in
the power series in 4 and, by neglecting terms
higher than the second, we can obtain the
following approximate solution for 4:

8Fc/3Nsy=Tkln + Na/(Na+ Np)dw

xa=Ns/(Na+ Np)

_ Xa-dw
4 kT— (l—xA)WM

4=

Discussion

Since the value of 4 is usually different
from zero, the equilibrium is shifted in either
direction. If the sign of 4 is positive, the D
isomers increase, and vice versa.

The absolute value of 4 increases as xa
increases, and the maximum value of |4]| is
|dw/4 kT|. Usually wa<kT, and wa can be
neglected as too small, and the | 4] is approxi-
mated to dw/4kT-xs. Since 4w is nearly
proportional to 1/T, [4] is nearly proportional
to 1/T2. The extent of the shift from the
original equilibrium state become greater as
the temperature decreases. This indicates that,
in order to get optically active polymers of a
large optical rotatory power by the polymeri-
zation of monomers in an optically active
solvent, it is desirable to perform polymeri-
zation at as low temperatures and as low
concentrations (large value of x.) as possible.

In order to get direct evidence of this predicted
phenomena, it seems to be most suitable to
measure the optical rotatory dispersion of these
mixtures, since, by the measurement of optical
rotation with the light of a single wavelength,
it is difficult to distinguish the contributions
of the solute from that of the solvent in the
observed optical rotation.

However, if the optical rotatory dispersion
is measured, the contributions from each
species can easily be distinguished, for usually
the dispersion curve is different and the maxima
of optical rotation appear at different wave-
lengths. Humps may be observed on the
optical rotatory dispersion curve of the solute.
(No such hump is expected for optically in-
active solvents.) Another indirect evidence
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may be obtained by the study of polymerization
in an optically active medium., This kind of
study has already been done®, but the effect

2) G. Natta, M. Farina, M. Peraldo and G. Bressan,
Makromol. Chem., 43, 68 (1961).
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of the temperature of polymerization is not

apparent.
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