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Introduction.

Towards the end of last century two theories

were advanced by Crum Brown and Guye in an attempt to

correlate rotatory power and chemical constitution.

Since that period a considerable amount of work has

been done on this subject and, at the present time,

some definite knowledge has been gained of the effect

on the rotatory power caused by varying the substit-

uents in an optically active compound. Hitherto,

however, very little information has been acquired

concerning the influence of solvents on the rotatory

power of optically active substances.

As early as 1901, Patterson (J. G. S., 1901, 79,

188.) observed that the rotatory power of an optically

active compound varied according to the constitution

of the solvent. He suggested that this solvent in¬

fluence was related to the "internal pressure" of the

liquid, and, as internal pressure varied from solvent

to solvent, so might the solution volume of the dis¬

solved substance vary. The relationship between

the rotatory power and the internal pressure was

carried still further by "Winter (Zeitsch. Physikal.

Chem., 1907, 60, 594.) but Dawson (J.G.S., 1910, 97,

1041.) came to the conclusion that no such connection
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existed "between internal pressure and solution volume.

He suggested that the existence of compound molecules

of solvent and soiute -was alone responsible for any

change in rotatory power.

Scheuer, however, -{Zeit. physikal. Chem. ,1910,

72, 513.) examining the -rotatory powers of mixtures of

diethyl diacetyltartrate and menthol in various inactive

solvents could find no evidence to support Dawson's

hypothesis of compound formation, a conclusion which

was confirmed later by Usher (J.C.S., 1910, 7J, 536.)

It is certain that the influence of solvents on

rotatory power is definitely connected with the physical

changes oc^irring in solution, and should therefore be
related to other physical properties of the solvent.

A solvent propertj' which has been extensively studied

is its influence on the velocity of reaction. In 1890

Menschutkin(Zeit. physikal. Chem., 1890, p.5.) had

compiled a table of the velocity constants of esteri-

fication for various alcohols mixed with acetic anhydride

when under the influence of different solvents. He

drew a comparison between the influence of substituent

groups on the constant of esterification, and the dis¬

sociation constant of acids, as studied by OstY/ald.

The author found that, in general, a substituent which

tends to increase the dissociation constant diminishes

the esterification constant.
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In 1922, in an attempt to test the validity of

these suggestions, simils.r experiments were carried

out by Hawkins, as a result of which, he found that

the influence of a solvent on the velocity of for¬

mation of quaternary ammonium salts was not due to the

formation of any additive compounds, as had been

suggested by Cox one year before. His most

important conclusion, however, was that a vary

definite relationship existed between the dielectric

constants of the solvents and the reaction velocities.

These experiments, therefore, lent support to the

assumptions of Menschutkin mentioned above.

Very little definite advance on the subject of

solvent influence in connection with optical activity

was made after this, until in 1926, Rule and Mitchell

(J. C. S. 1926, 3202.) observed that certain regu¬

larities in the rotatory powers of^-octyl esters of

mono-substituted acetic- acids,were apparent when the

measurements were taken in different solvents.

They found that " polar groups whether present in the

asymmetric compound or in the soivent, exert an

influence on neighbouring moiecuies leading to corres*

ponding changes in rotatory power



Table I.

Solvent acetate acetate acetate acetate

( methoxy-) (chloro-) (bromo-)

-i- 0.8 ° +10.8 "
o

- 1.4
0

O•M1 + 0.8 +10. I °

C
b Hs OEt

o

- 2.4
0

st1•
1 -5.2° ~r4. 9 °

CfeH6.Cl-
o

- 5.3
o

-7.1
o

-6.7 -+2.5 *

CfoH6-Br
0

0•c-1

t

toCO1 •+1, 6

CfoH6-I -12.7 ° -9.9 °
0

0•
1

It win be observed that in solvents derived

from benzene, the depression^of rotatory power due to
substitution of different groups in the benzene

molecule were given by the series:-

CH3 < H < OCH3 < Ci < Br < I
* They also pointed out that with the introduction

of these substituents into the moiecuie of the ester

itself, a very similar effect was observed, when the

series

; H < CH3 < OCH3 < CI < Br <1 was

obtained.

In this paper the authors suggested that any

investigation into the relationship between rotatory

power and solvent influence could oniy be successful

provided a series of similar solvents was employed,

that is, a series of solvents of similar moiecuiar

constitution.
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Two years later, Rule, Bretscher and Spence

(J.C.S., 1928, 1493.) observed several interesting

effects of solvents in connection with the rotatory

powers of peri-substituted menthyl naphthoates, when

they found that the influence of highly polar solvents

appeared to lessen the effect of the peri substituent;

or, in the reverse case, that the effect became a

maximum in solvents of low dielectric constant.

Table 2.

r aoLk~U'lt,lof substituted menthyl naphthoates. (c= 5.)

8-OCH3 8-NO2 2-OCH3
Solvent. 1-C00M 1-C00M 1-C00M.

°6H6 -157° -841° 28.9°

CS2 -137 -844 -16.3

CHC13 -181 -389 -76.2

C2H5OH -184 -806

C2oMl for the unsubstituted 1-menthyl
I

1-naphthoate was -319°.
It appears from these investigations already des

cribed that there is some relationship between the

polar character of the solvent and the rotatory

power of the solute. At this point it might be

advantageous to examine some recent views on polar
molecules in order to show what is meant by the

"polarity" of a solvent, or the "polar nature" of a

substituent grouping.
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In 1925, Sir J.J.Thomson, attempting to explain

orientation in "benzene substitution compared the

entrance of a polar group, for example, GCHg,Br, HO2
into a hydrocarbon molecule to the introduction of an .

electrostatic doublet or dipole.. His work showed

how positive groups could be distinguished from negative

groups by examining disubstituted benzene derivatives'.

The presence of a doublet imparts an electric mo¬

ment to the-molecule, and influences the behaviour of

the molecule towards electric fields, and, therefore,

also towards dipoles present in other molecules.

The electrical centre of the electrons in a molecule

containing a polar substituent grouping, does not

necessarily coincide with the electrical centre of the

nuclei. The dipole moment " , is the distance

between the poles multiplied by the charge on one of

them.

As early as 1912 Debye suggested methods for the

determination of the dipole moment of a liquid with the

help of a theory of dielectric constants^ ( P. Debye,
Zeit. physikal. Ghem., 1912, 13, 97.) and later (Polare
Kolekeln, Leipzig, 1928.) he has shown that the dipole

moment " can be calculated from the relation:-

4-tTN/jl.2-
X =5

9kT
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where X is the contribution of the dipole towards the

polarisation, T, the absolute temperature, U, is

Avagadro's number and k is the gas constant for a single

molecule.

The practical determination of the dipole moment

of a solvent is obtained from the dielectric constant

and the refractivity measurements. Many such
•*-

determinations have been carried out recently, and

these are taken consequently as measures of the polarity

of the compounds to which they refer, provided the

comparison is limited to compounds of the same type

and of simple constitution,

Lange,(Zeit. physikal, Chem. ,1925, 33, 169.)

Smyth,(J. Am. G.S. 1925-27.)

Errera,(Zeit, physikal, Chem, 1926, 27, 764.)
• • , »

and Hojendahl,(Thesis, Copenhagen, 1928.)

At the present time it is believed that the

dipole moment is mainly a function of the substituent

polar group and is largely independent of the molecixle

as a whole, or of the nature of the hydrocarbon radical

present. By a suitable selection of dipore moments

therefore, it is possible to obtain a series of sol¬

vents of varying polarities - a series, the members of

which may show a gradation of properties; from solvents

of low polarity to strongly polar solvents.



Certain recent; advances have thrown right on this

subject from quite a different angle. As a result

of the investigations of Lowry and W. Euhn (Zeit.

physikai. Chem. 1930, 1892.) and Mitcheii(j. 1930, 1892.)

it appears that some definite relationship exists

between optical activity and absorption spectra.

Scheibe ( Ber. 1926. 59, 2617. ) finds that if a

ketone is dissolved in solvents of increasing polarity

that its characteristic absorption band is displaced

to an increasing extent towards the far ultraviolet.

For example, when acetone is dissolved in various

solvents the following arrangement results

CCl Et^O, EtOAc, CHC1 , CH^Cl^, EtOH, Me OH.
>

shift to shorter X

If the carbonyl group in the ketone is screened,

e.g. in hexamethyl acetone the solvent order remains

unaltered, but the degree of displacement diminishes.

As will be seen in the following paragraphs the change

in rotatory power observed when the active solute is

dissolved in polar solvents does in some cases offer

a complete parallel to these investigations.

In I90Q, Betti initiated work correlating the

influence of substituents on the optical rotation of a

substance with their influence on acidity ( Gazz. Chim.

Ital. 1923, 53, 424. ). He prepared a series of
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th
Schiff's bases, formed by condensing d- napfySl

benzylamine with various substituted benzaldehydes.

H H
i t

C H - C— NHa + OCH-C H X » C H — C — N - CH - C H X
C H OH 63 ^ G H OH

lo ^ tO (a

He compared the optical rotatory powers of the

bases with the dissociation constants of the substitu¬

ted benzoic acids derived from the aldehydes which he

had employed.

The molecular rotations in benzene solution,([Mb)
o o

varied from -991 to +2676, and if these were arranged

in the order of their magnitude, the series closely

approximated to that of the dissociation constants of

derived benzoic acids.

Table 3.



-12-

[*L Aldehyde used.
1*3

k x 10 of acid

2676° p-dimethylaminobenzoic 1

1507 veratric 3.6

1220 vanillic 3.0

1154 anisic 3.2

1049 p-hydroxybenzoic 2.9

894 o-methoxybenzoic 8.2

746 cuinini c 5

691 p-toluic 5.1

589 protocatechuic 3.3

504 m-1 oluic 5.1

373 benzoic 6

363 m-hydroxybenzoic 8.7

282 p-chlorobenzoic 9. 3

256 m-chlorobenzoic 15.5

207 p-nitrobenzoic 39.6

168 m-nitrobenzoic 34.5

-85.7 salicylic 102

-128 o-chlorobenzoic 132

-32,6 o-toluic 12

-766 5-nitrosalicylic 890

-991 o-nitrobenzoic 616
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An analysis of this table is given Toy Rule,

(Trans. Par. Soc. 1930, 26, 324.) who noted that among

the monosubstituted ortho compounds, the substituents

have the following influence on the rotatory powers

and the dissociation constant:-

[M]^ N0a < CH3 < CI < OH < H < 0CH3
k NO a. > CI > OH >CH,>0CH >H.« o

and for the para compounds:-

N0a < CI < H < CH3 <0H,0CH3 < N(CH3)z
k NOa. > CI > H >CK3 > 0CH3,0H > N(CHa)rf

It will be seen that a closer agreement can be

observed in the case of the para compounds than the

ortho. Rule suggests that this is due to spatial

disturbances present in the case of the ortho compounds

which are not present in the para compounds.

The effect of the polar nature of a group on the

rotatory power of an optically active compound was also

shown by Rule and Smith (J.C.S. 1925, 127, 2188.)and

Rule, Robertson and Thompson (J.C.S. I93C', 1887.).

They investigated homogeneous esters of monosubstituted

acetic acids, X-CH_.C00H, with the following results:-

Table 4. /

V
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Table 4.

(Jjij-jjOf 1-menthyl ester of X-CHaC00H. ).

Substituent X. wr'
*■

yuL> 10 Of X,
-156.9° ■+•1.4

H -157.3°

ch3 -160.2° +■ 0. 4

COOH -160.2" -0.9

OC»H, -160.6°

OCHs -165 ° -1.2

OH -165° -1.7

Br -169° -1.5

CI -171° -1.5

CN -174° -,3.4

•x The values of ^ are taken from the publications of
Williams and Debye.

It will be observed that the molecular rotations

correspond with the order of polarity of the substi-

tuent groups. Since the publication of the above

results the relationship between the electrical state

of an optically active molecule and its rotatory

power has been the subject of a number oi researches

of Rule and his co-workers, as a result of which it

appears that the rotatory power of a compound depends

upon the nature of the polar groups present in the
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molecule, and is also influenced bjr their spatial

arrangement.

While these investigations were being carried

out along these lines, no further developments had been

made in connection with the subject of solvent influence,

A series of investigations were subsequently begun in

an attempt to explain the part played by the polarity

of the solvent,
c

Rule and M~Lean (J.C.S. 1951, 674. ) investigated

the influence of solvents of similar chemical con¬

stitution on the rotatory pov/er of 1-menthyl methyl

naphthalate, a substance which had proved to possess

a rotatory power very sensitive to any alteration in

solvent. The following rotatory powers were obtained

for solvents derived from benzene and methane

respectively.

Table 5./
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Table 5.

Methyl l-menthyl naphthalate in solvents.

Solvent [m]u j 6mi

+ ie

jjwxl 0 e. s. u.

gh5f°2 -219" 3.78

ch5ck -239° 3.05

CHgGlg
CHgBrg

CH.CHO
o

-267°

-277°

-316°

I.61

1.89

2.71

ch5i

ghci5
CH OH

CHgCOOH

-336°

-362°

-383°

-423°

1.66

I.10

1.64

1.4

GHBrg

cs2

cc14

G(N02)4

-429 °
O

-437

-563°

-651 ~

1.30

0

0

0

G5H12

C6Hl4

Q7H16

-651
O

-653

-653

0

0

0

*
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Table 5. (continued.)

Solvent M
2.0 tl®

yuu x. 10 e.s.u.

°6H5CT -372 3.85

c6h5no2 -423° 3.89

CgHgCHO -432 ° 2.75

c6H5NH2 -443 ° 1.60

c6h5ci -463 ** 1.52

c6H5I -465° 1.50

C-HKBr6 5
-466° 1.50

C H OCH
6 5 3

-466~ 1.25

G6H6 -543° 0

c6h5ch5 -546 0

°6HI2 -688 ° 0

from these results it will be seen that a very

definite relationship proved to exist between the

rotatory power of the solute and the dipole moment of

the solvent. A fall in rotatory power corresponds

to an increase in the polarity of the solvent, when

solvents of similar molecular constitution are employed.

Similar regularities were also found when the

influence of polar solvents on 1-menthyl picryl ether

was examined (Rule and Tod, J.G.S. 1931, 1932. and Tod,

Thesis, Edinburgh.).
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it will "be observed from the following results

that the rotatory power of the ether reaches a

maximum value for non-polar solvents, while low values

are obtained for highly polar solvents.

Table 6.

of 1-menthyl picryl ether in solvents of the
•Su .J

methane and benzene types.

Solvent. r 1ao"[m] yl/j * 10 0 ^ S 0 XI0

CH5CH -1075° 3.94

GH3h0o -1100° 3.78

GH30H -1129° 1.64

CH2CI2 -1405* I.61

gh3i -1420^ 1.60

chgig -1527° 1.10

CHBr3 -1597 ° 1.30

UC14 -1541° 0

cs2 -1597° 0

GghgCB -1222° 3.85

gghgcho -1277° 2.75

C6H5M02 -1306° 3.90

g6h5och3 -1361° I.16

C6H5CH3 -1384° 0.40

G6H6 -1384° 0

G6H5Br -1417° 1.56
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At the same time experiments ¥/ere carried out with

different polar solvents and 1-menthyl phenyl ether

and 1-menthyl methyl ether. The former displayed

a similar tendency to that of the picryl ether, but

the variations undergone by the methyl ether were very

small and showed no regularities.

d-fi-octy± hydrogen phthaiate was also studied

from this point of view (Rule and Kill. J.C.S.1931,2653

and the "behaviour of this substance was found to lend

support to the above assumption.

Table 7.
a®"

( lJU of d-Z^-octyl hydrogen phthaiate. )

Solvent. *- J 5/iWI

+
* 10 e.s.u.

CflH_CHO5 5
-f. 76.3° 2.75

C6H5H°2 78.5" 3.90

C6H5CH 80. 2° 3.84

°-C6H4C12 104.6° 2.25

°6H5NH2 107.3° 1.51

C H CI
A 5

115.3° 1.55

°6H5I 117.2° 1.25
U \J

Ci

C H Br
6 5

118.6 1.5

C6H50CH3 126° 0.16

C6H6 145°
c>

0

5 5 3
150.5 0.40
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Table 7.(continued.)

Solvent
+ie

10 e.s.u. ■

ch3m02 + 126.2° 3.78

ch3cn 155.6° 3.94

ch3c00h 138.5" 0.74

ch,c0ch,,
o 140.3° 2.97

CH2C12 140.5° I.61

cs2 141.9° 0

ghgcho 143.3° 2.72

chci3 149.7° 1.10

cci4 149.8° 0

ch3i 151.8° 1.66

ch.oh
0 154.6° 1.73

Prom the above results it win be seen that the

rotatory powers of the phthalate also vary with the

polarity of the medium when the determinations are

made in the solvents derived from benzene. The

effect, in solvents of the aliphatic type, is not,

however, so clearly defined. It is noteworthy that

such irregularities are evident in a number of optically

active substances. Similar results were obtained

when the phthalate was converted into its methyl ester,

when it was again shown that the rotatory powers of the

ester were depressed by polar solvents, derived from

benzene.
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From these investigations it is seen that the

highest rotatory powers are obtained with solutions

of the solute in solvents of low polarity, while the

more polar solvents depress the rotation. Such

changes are probably due to the fact that the dipoles

present in the highly polar solvents tend to associate

with any dipole present in the molecule of the solute,

with the result that the field, due to the latter is

greatly reduced. For example, if a nitro group

is introduced into the molecule of the 1-menthyl ester

of naphthoic acid the rotatory power is greatly in¬

creased. In benzene, the resulting value will be

comparatively high, as no dipole association takes

place between the solvent molecule and the solute

molecule.

If, however, the rotatory power were determined

in chlorobenzene, dipole association will almost

certainly take place, with a dipole rearrangement of

the following types-

c«,Hs. at
-h —

— -t"

O N CooC.oH,^
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As a result of this association the electrical

field of the nitro group on the molecule is diminished

which, in turn, lessens its influence on the rotatory

power. It will be obvious that in offering an

explanation for these regularities allowance must be

made for the degree of association of the solvent, and

also for its individual chemical structure.

It is evident that the degree of association is

an important factor in such optical activity measurements.

Debye in "Polare Molekeln" has divided polar solvents

into three classes, according to the dissociation-

polarisation diagrams by which they can be expressed.

Nitrobenzene, ethyl alcohol and ether are representatives

of these three classes. With increasing dilution

in a non-polar solvent the first gives a steeply

rising curve, the third a straight line and th% second

a curve rising to a maximum, followed by a fall.

When a dipole association takes place, it usually

results in the formation of unstable complexes of

lower dipole moment. If a non-polar medium such as

benzene is now added, these complexes will dissociate

to give single molecules of higher dipole moment.

Rule and McLean (J.G.S. 1931, 682.) found it possible

to illustrate this process by optical rotation-

dissociation diagrams similar to those of Debye.

The rotatory powers of 1-menthyl methyl naphthalate

were examined in mixtures of carbon disulphide and
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nitrobenzene, with the following results:-

\-Mcnthyl methyl naphthalate in mixture* of carbon disulphide arvl nitrobenzene

■500 -

03 1

I. Experimental rotation curve.
II. Rotation curve deduced for nitrobenzene alone.

III. Polarisation of nitrobenzene alone.

Similar diagrams were drawn for I-xnenthyx methyl

naphthalate in mixtures of benzene and ether, and

mixtures of benzene and alcohol.

It must be noted that if the polarisation changes

of an optically active solute on dilution are irre¬

gular, these will probably lead to corresponding

irregularities in the determination of the rotatory

powers of the solute throughout a series of solvents.

The present thesis is an attempt to extend the

investigations on solvent influence to some well-known

optically active substances, and in several cases, to

observe the changes in rotatory power of these substances

in solution when the solvent concentration is varied.
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Experimental Details

and

Discussion of Results.



Experimental.

Purification of Solvents.

Mtromethane; -

The B.D.H. product was washed, dried over calcium

chloride and fractionated. It was obtained

colorless, b.p. 100.8 - 101.1°.

Acetonitrile.

Aytoun, Scott and Go's acetonitrile was dried over

calcium chloride and fractionated, giving a colorless

product, b.p. 80.7 - 81.4°,
Methyl Iodide;-

Aytoun Scott and Go's methyl iodide was washed

with sodium carbonate solution, dried over calcium

chloride and fractionated, b.p. 42.7 - 43°.
Methylene Ghloride:-

The jB.D.H. product was washed and dried over

calcium chloride. The colorless middle fraction

of b.p. 41.8 - 42.2° was used.

Acetic acid;-

Kahlbaum's 100/2 acid was cooled until about two-

thirds frozen; the liquid portion was decanted off

and the crystals fractionated, m.p. 16°, b.p. 118-118.

Ohloroform:-

A good sample was washed, dried and the middle
o

portion, on fractionation, employed, b.p. 61 - 61.1 .
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Bromoform :-

The B.D.H. product was washed, dried and fraction¬

ated, b.p. 147 - 147.4°.
Carbon Disulphide :-

Aytoun, Scott and Co's redistilled carbon disulphide

was dried over calcium chloride and fractionated to

constant boiling point, b.p. 46 - 46.2°.
Carbon Tetrachloride :-

The sample used was dried and fractionated, b.p.

77.6 - 77.8°.

Methyl Alcohol :-

A sample of "absolute " methyl alcohol was freed

from acetone,refluxed over freshly prepared quicklime

and fractionated, b.p. 63.7 - 63.8C,
Pentane :-

B.D.H. pentane was shaken with concentrated

sulphuric acid, alkali and water, dried over calcium

chloride and fractionated, b.p, 35 -37°,
Hexane :-

B.D.H. hexane ( free from aromatic hydrocarbons )

was dried and fractionated, b.p. 67 - 69°.

Heptane :-

B.D.H. heptane was treated similarly to pentane,

b.p. 98 - 98.5°.
Benzonitriie :-

Aytoun, Scott and Co's product was dried and

fractionated under reduced pressure, being obtained
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as a colourless liquid of b.p. 82,5° under 15 mms,

pressure.

nitrobenzene :-

B.D.H, nitrobenzene was fractionated and the portion

boiling at 90 - 91° under 15 nuns, pressure employed.

Benzaldehyde :-

Kahlbaum's purified product was washed with sodium

carbonate solution, dried and fractionated, care being

taken to expose it to the air as little as possible,

b.p. 179 - 179.2°.

Aniline :-

Kahlbaum's aniline, " from sulphate " was dried

and fractionated giving a colourless liquid of b.p.

182.9 - 183°.

1Anisole

B.D.H. anisole was dried and fractionated. The

colourless liquid gave no phenol reaction, b.p. 153.8°
Ghlorobenzene :-

The B.D.H. product was washed with alkali and water

dried over anhydrous calcium chloride and fractionated,

b.p. 131.6 - 132°.

Bromobenzene :-

This was prepared in the laboratory, and was used

after being well washed with sodium carbonate solution

and water. It was dried over calcium chloride and

fractionated, b.p, 154.8 - 155.2°.
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lodobenzsne

This was also prepared in the laboratory and was

treated in the same way as bromobenzene. It. was

fractionated to constant boiling point, b.p. 187.8-188.1°
Benzene :-

B.D.H. " extra pure " benzene was partially frozen
_ o

out and fractionated, f.p. 5.5°, b.p. 80 - 80.1 .

Toluene :-

Aytoun, Scott and Co's " pure " toluene was dried

with metallic sodium wire and fractionated, b.p. 109.7

- 109.8°.

Mesitylene :-

Merck's product was dried over calcium chloride

and fractionated, b.p. 164 - 155°.

Ethyl alcohol :-

" Absolute " ethyl alcohol was refluxed over

freshly prepared lime and fractionated, b.p. 77.8°-
under 749 nans, pressure.
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Determinations of Rotatory Power.

In the following pages the determinations for

various compounds are grouped in tables. In these

tables the molecular rotatory powers of the optically

active substances are arranged in increasing order,

while the dipole moments of the different solvents

are also given for the sake of comparison. Several

tables are included which show the effect of dilution

on the molecular rotatory powers of certain substances.

In these cases the concentration is expressed in terms

of the mole fraction of the optically active solute in

the mixture.

The different compounds are arranged arbitrarily

in such a way that those first discussed show a defini

agreement between rotatory power and the polarity of

the solvent. Cases in which the agreement is less

complete or entirely absent are taken later.
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The Influence of Solvents on the Rotatory Power of

d-Amyl Alcohol.* (L = 2, t 20°,)

The sample of amyl alcohol used for this series

had a rotatory power of oC » -9.37°.

Solvent. c 101*

C7Hi6 N 5.24 1 o • cr>
o -5.37° o

°6H14 5.00 -0.52 -5.45 0

CH CN
O

5.24 <o•01 -5.67 3.94

°Sm2 5.01 -0.68 -5.97 3.78

OH,OHo
5.06 -0.73 -6, 35 1.64

CH2012 5.12 -0.75 -6.45 1.61

OH,Io
5.00 -0.86 -7.55 1.60

CHG1
3

5.19 -0.90 -7.63 1.10

OS
2

5.16 -0.90 -7.68 0

GHBr3 5.04 -0.90 -7.86 1.30

1 \j oho/*
f olcAtl,

IvpJllllLtst.OS+A'

* M. W,

The writer would like to express her thanks to

Professor Alex. EcKenzie for the gift of the amyl

alcohol used in the above determinations.
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The effect of eolar solvents on the molecular

rotatory nower of d-amyl alcohol.

The homogeneous alcohol had an optical rotatory

power of -10.62c. (1-2 dm., t

The solvent::, of the benzene series.

20°. )

Solvent
JO

oL
sm. t

_ 3LO

(mJU U 52*6. f
joncentration y^-xlO18

C6HB3K>2 -0.62° -5.23° 5.22 3.90

06H5CN -0.62 -5.54 4.93 3.Q5

CgHgCHO -0, 66 -5.61 5.17 2.75

06H5Br -0.63 -5.66 5.03 1.56

G6H5I -0. 65 -5.75 5.00 1.25

G6H50GH3 -0.72 -6.20 5.11 1.16

CCH„
6 5 3 -0.75 -6.60 5. 00 0.40

G6H6

i

2>•O1

11

-6.74 5.03 0 I

On examining the figures for the rotatory powers

tA Y«- —

oJ: t. o-ti -

given in these tables, it will be seen that solvents
regular

derived from methane do not exert a very influence

on the rotation of d-amyl alcohol. In the solvents

derived from benzene, however, the changes are

definitely in agreement with the dipole moments,
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although of very small magnitude. Strongly polar

solvents such as nitrobenzene and benzonitrile give

solutions of low optical activity, while the non-polar

liquids benzene and toluene, at the other end of the

table, give solutions of higher activity. These

changes are in agreement with the suggestion of Rule

and McLean (loc. cit.) that the characteristic effect

of a polar group in the optically active compound is

diminished through dipole association with a polar sol¬

vent.

As previously stated, (page 21), the presence of

a polar group in the compound will lead to dipole

association, the positive end of one dipole being att¬

racted by the negative end of a second, as represented

in the following diagram :-

Such an association diminishes the internal

electrical field exerted by each of the polar substi-

tuents on the organic radical. Thus, assuming that

dipole association occurs when the above naphthoate is

dissolved in chlorobenzene, Rule and McLean suggest

that this association tends to neutralise the effect

of the nitro group on the rotatory power of the menthyl
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ester of naphthoic acid.

Such an effect should he most marked for solvents

of high polarity and should produce least change in

solvents of low and zero polarity, where little or no

neutralisation of electrical charge occurs.

It will he observed that the rotatory powers of

d-amyl alcohol dissolved in solvents of the henzene

series support this statement.

The irregular results obtained with the aliphatic

solvents are noticeable and must not be overlooked.

If, however, we omit the hydrocarbons heptane and

hexane, we can trace a general resemblance to the

effects found with the aromatic solvents, since the

remaining liquids are approximately arranged in the

order of their polar properties. The highest

rotations are given in bromoform, carbon disulphide

and chloroform, three solvents of low dipole moments,

while the smallest rotatory powers again correspond to

the strongly polar compounds acetonitrile and nitro-

methane. It therefore seems reasonable to suppose

that the exceptionally low values in hexane and heptane

are due to the fact that in these media, hydroxylic

compounds tend to exist in a sta,te of molecular asso¬

ciation. In this event the association of the

alcohol molecules with themselves would lead to the

same lowering of rotatory power as would be brought about

by solution in a polar solvent, thus accounting for
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the displacement of these two solvents.

To obtain further evidence in support of this

point, an examination was made of the rotatory power

of d-amyl alcohol in increasing concentrations in

hexane. The experimental details are given in the

following table, and also expressed in the form of a

graph. The concentration of amyl alcohol is given

as the molar fraction of the alcohol present in the

mixture.
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The change in the molecular rotatory powers of

d-amyl alcohol, with varying concentrutions of hexane.

1 = 4dm.

t = 20°.

Molar fraction
ao

S"Z|.6>I orL S2t,e.i

.014 -0.35° -7.66°

.030 -0.60 — 6.85

.071 -1.38 -6.45

.098 -1.94 -6.15

.140 -2.66 -5.83

.207 -3.88 -5.70

.282 -4.34 -5. 62

.330 -5.16 -5.65

.345 -6.57 -5.69

.400 -7.79 -5.70

.560 -11.38 -5.70

.719 -14.75 -5.73

.870 ! H co • CO -5.74

1.000 -10.62 * •LQ1

The density of the homogeneous alcohol was found

to "be .814 at 20°,

* I'-l
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It will be seen that the rotatory power increases

slowly with falling concentration, and that "below 0.1

mole fraction a rapid rise takes place. This may

be considered to support the original assumption of

the manner in which the optical changes take place in

solution. In this case the continuous dilution with

hexane tends to break tip the association complexes

formed by the alcohol, especially at extreme dilutions.

This leads to a rise in rotatory power. benzene

brings about dissociation of alcohols more completely

than hexane, and as a consequence the optical rotation

in benzene (c = 5) is higher than that in hexane (c = 5),

even after allowance has been made for the fact that

the two samples of aj-cuhol employed are not of the

same degree of optical purity.

The case of amyl 3,leohol is one of special interest.

Earlier examples of optically active compounds which

have been examined with reference to solvent influence

by Rule and co-workers have been esters, and frequently

of complex structure. Amyl alcohol, on the other

hand, is one of the simplest optically active substances

known, and contains only one asymmetric atom and one

polar grouping in the molecule.
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The Influence of Solvents on the Rotatory Power of

d-Tartaric Acid.

The tartaric acid used was specially purified

and gave M-- +14 in distilled water (c « 20.)

Owing to its sparing solubility in the majority

of solvents employed, it was found necessary to use it

mixed with ethyl alcohol. For solvents of the

methane type, one molecular proportion was added to

two molecular proportions of ethyl alcohol; derivatives

of benzene were diluted with three molecular proportions

of the alcohol.

d-Tartaric Acid in Methane Solvents mixed with Sthyl

Alcohol. [Zs 2, t = 20° and c = 5.)

Solvent [ K LSt*.Cat I

18
x 10

cd4 -0.99° -14.9° 0

CS2 -0.82. -12.5 0

CHI
o

-0.49 -7.4 1.60

GHG1
0

— 0, o3 -4.5 1.10

CHEC12 -0.25 -3.8 1.61

CH COOH
O

-»-0.19 + 2.9 CM+

°V°2 + 0.58 + 8.7 3.78

CH„C1T
0

+ 0.61 + 9.2 3.94
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d-Tartaric Acid in Benzene Solvents.

(L= 2, t - 20°, c ~ 5.)

Solvent
4-fel C J 1 SA«. I

18
^+»x 10

osh5ch5 -0.69°
i

1 M O •

o 0.40

g6h50gh3 -0.60 -9.00 1.16

G6H5I -0.59 -8.9 1.25,

C6K5Br -0.58 -8.80 1.56

c6h5ci -0.51 -8.2 1.64

g6h6 -0.41 -6.2 0

c,.hr gho
o 5

+ 0.11 + 1.7 2.75

.g6h5ck + 0.22 + 3.3 3. 85

c6h5lt°2 +0.26 + 3.9 3. 90

The rotatory powers of tartaric acid and its

ester in the homogeneous state and in solution have

"been the subject of investigations by a number of

workers. One of the earliest of these, Pribram

(Ber., 1889, 22, 6.) used tartaric acid dissolved in

a variety of solvents mixed, in each case, with an

equal volume of alcohol. Some of his results are

given on the following page.
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EtOH + C6H5N02 -1-3.790 EtOH + CgH6 -4.11°
EtOH + EtNOg +5.17° EtOH + CgHgCHg -6.19°
EtOH ■+ Me.G6H4N02-0.69° EtOH + Xylene -6.52°
EtOH + EtBr -3.62° EtOH + C^H^Cl -8.09°6 5

All these results are expressed in terms of fo£l
In this case as may be seen from the preceding

tables there is a tendency for the rotatory powers to

change in accordance with the polar nature of the solv¬

ent. Both aliphatic and aromatic liquids show a

variation from negative rotatory powers to those of

positive value. Among the methane derivatives

there is comparatively good agreement, solvents of

high polarity giving the highest dextro rotations and

non-polar compounds, such as carbon disulphide and

carbon tetrachloride, the highest negative values.

Methyl iodide and acetic acid, in the middle of the

series are slightly displaced from the order of their

polarity.

Similar results are given for the solvents derived

from benzene. In this case there is excellent

agreement between polar properties, as represented by

the dipole moment values, and rotatory power, with the

exception of benzene which is considerably displaced.

Here also, the highest positive values are given in the

presence of the strongly polar nitrobenzene and cyano-

benzene and the highest negative values in the
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relatively non-polar mixtures containing anisole and

toluene.

It is to be expected that the degree of ionisation

of the tartaric acid will vary from mixture to mixture

and that it will be greater in solvents of high

polarity. This influence is difficult to estimate

but is not important, since a similar series effect is

obtained for diethyl tartrate. This will be seen

in the following pages. In the case of the ethyl

ester it was possible to use the pure solvents, no

addition of alcohol being necessary.
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The Influence of Solvents on the Potatory Power of

Ethyl d-Tartrate.

This compound was prepared by the method of

Anschutz and Pictet, (Ber. 1880, _13, 1176.).
Tartaric acid, 60 gm., was mixed with absolute alcohol

160 cc. , a.nd heated on a water bath until it had entirely

dissolved. The flask was then immersed in cold

water and the well-cooled solution saturated with dry

hydrochloric acid gas. After standing overnight,

the hydrochloric acid, any excess alcohol and water

were expelled under diminished pressure by heating

on a water bath, A further 160 cc. of absolute

alcohol was added to the residue, and the mixture again

saturated with hydrogen chloride. After standing,

the acid, alcohol and water were removed as before,

and the residue fractionated under reduced pressure,

using an oil bath.

Diethyl tartrate distilled as a clear liquid,

b.p.1650 under 20 mm. pressure. After three such

fractionations the ester had attained a constant

rotatory power of - f.58°. Yield, 45 gm,
S^4-<01

(e«0-



-43-

The Influence of Solvents on the Molecular Rotatorvj

Power of d-Tartaric Ester. ( L- 1, t - 20°.)

Solvent c LMI fM-x. 10id

OHCij 5.052- -0.27° -II0 1.10

CH0Ci„ 5.010 -0.21 -8,6 1.61

(c2H5)2° 5.164 -0.12 -4.8 1.15

CH31 5.186 0.03 1.2 1.60

cci4 5.104 0.04 1.6 0

G6H14 5.188 * 0.02 3.5 0

CH3C00H 5.238 0.23 9.0 0.74

cs2 5.152 0.27 11.0 0

CH3N°2 5.157 0.48 19.2 3.78

ch5ok 5.346 0.64 24.7 1.64

ch3ch 5.030 1.09 35.5
UW7

3^-94

C6H5CH3
6"
5.286

0

0.19
0

7.4 0.40

g6h6 5.2.82 0.32 12.5 0

C-Hj-OCH-6 5 0
5.214 1.29 12.8 l.lflBg

5.008 0.49 20.2 1.25

C6H5Br 5.017 0.53 21.8 1.56

CJLCIT
6 5

5.094 1.68 67.9 3.85

W°8 5.188 2.03 80.6 3.90

G^hrGHO6 5 5.118 2.50 100.7 2.75



The aliphatic group of solvents shows several

displacements with respect to polar character, hut it

will he seen that once again strongly polar nitro-

methane and acetonitrile give solutions of high dextro

rotatory power. The solvents of zero polarity,

namely carhon tetrachloride, carhon disulphide and

hexane, occupy positions in the middle of the tahle.

This exception may possibly he explained as in the

case of d-amyl alcohol, hy the fact that the dis¬

placement is due to association of molecules of the

hydroxy-ester themselves, when the rotatory powers are

determined in such non-polar media. These complexes

of hydroxy-ester are broken up to a greater extent

hy benzene as is well known from molecular weight

determinations (cf. Turner, Molecular Association, 1915,

pp. 120 - 122.) and in the tahle of aromatic solvents

it will he seen that both benzene and toluene occupy

positions at the end of the series. The more

normal influence of the aromatic hydrocarbons probably

accounts for the wider range of rotatory powers

observed in the aromatic series.

The results obtained with tartaric acid are of

interest in connection with the. work of Rule and Hill

(loc. cit.) on the influence of solvents and added

salts on the rotatory power of d-octyl hydrogen

phthalate. These authors noticed that the dextro
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rotatory power of the acid ester in solution decreased

as the polarity of the solvent increased. They

found also that on the addition of metallic halides

to an aqueous solution of the sodium salt of the ester

the rotatory power fell in the following order :-

H > Li > ha > NH4 > K > Rb > Gs
According to Darmois (Trans. Farad. Soc. , 1930,

385.) the large depression caused by the caesium ions

is due to the fact that the caesium ions exert a more

powerful electrical field than the lithium ions.

In aqueous solution the lithium ion is heavily

hydrated, and the electrical charge, although con¬

centrated on a smaller ion, is screened. The

caesium is not, however, hydrated at all. Rule

and Hill drew a comparison between the similar influ¬

ence of the strongly polar solvents and the caesium

and rubidium ions, in bringing about a large depres¬

sion in rotation. They suggested that in the case

of tartaric acid both these effects produced the

opposite change, by increasing the rotatory power.

The results already discussed lend support to their

suggestion.

As has been shown by Debye and his co-workers

many hydroxy compounds behave irregularly when their

polarisation is examined in hexane or benzene sol¬

utions at increasing concentrations. It has been
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frequently found that this polarisation rises to a

maximum and is then followed "by a fall. As has

already "been pointed out (p 22.) Rile and McLean
observed a similar irregular change in the rotatory

power of -menthyl methyl naphthalate when it was

dissolved in varying mixtures of alcohol and benzene.

It was therefore decided to examine the optical

properties of diethyl tartrate on dilution with various

solvents.

The experimental details are given on the next

page.
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The Influence of Concentration on the Rotatory Power

of Ethyl d-Tartrate in Solution. (£,- 4 , t 20°.)

Various samples of ethyl tartrate were used in

the following determinations. The actual rotatory

power of each sample is given at the foot of each

table, under the heading " homogeneous It
*

4° - 1.2059.

In Kesitylene.

Mole fraction c

.050 7.354 H-0. 08° -t- 0.56°

.1330 19.19 1.48 3.97

.2324 32.72 4.15 6.53

.587 2 52.65 9.06 8.86

.6573 84.79 19.36 11.76

1. 000 homog.(£~i) 9.13 15.6

In Chlorobenzene.

Mole fraction c L> ^

, 037 7.46 ~h 3.21° + 22.2°

.209 37.19 10.11 14.01

. 380 61.55 15.34 12.83

.501 79.20 20. 23 13.21

,630 89.86 24.43 14.00

.791 104.3 . 30.30 15.01

1. 000 homog. (£-=•) 9.32 15.9
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The Influence of Concentration on the Rotatory Pov/er

of Ethyl d-Tartrate in Solution.

(&=» 4, t = 20°.)

In Toluene.

Mole fraction
of $ster

m mixture,
c

S*<r<&>l

.038 7.184
0

4-1.13 4-8.11°

.100 18.31 > 2.76 7.75

,1665 30.15 4.53 7.74

.2375 40.41 6.28 8.01

.3173 50.46 8.26 8.43

.5228 77.15 16.02 10.69

.8050 104.9 28.76 14.12

1.0000 homog, (t'\) 9.65° 16.50

In Benzene.
.S Sjf, ui£).

Mole fraction c L ^ lsz4£>>

.0235 5.313 4- 1.13° 4-10.9

.0722 15.72 3.48 11.4

.1199 22.29 4.98 11.50

.1590 32.26 7.24 11.58

.2140 41.60 9.35 11.57

.2750 49.99 10.92. 11.25

. 3500 58.68 12.20 10.71

.4284 71.83 15.39 11.03

1. 000 homog. (£=i) 9.25 15.81
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The Influence of Concentration on the Rotatorv Power

of Ethyl fl-Tartrate in Solution. ( t= 4, t - 200i.

InAnisole.

Mole fraction c [

.028 5.283 -j- 0. 31° + 3.0°
• 036 6 -U-L o• y8 6-2.
.122 21.79 5.03 11.89

.225 31.67 8.77 14.26

-387 50.02 15.88 16.35

.468 70.18 22.99 16.87

.633 88.56 27.29 15.87

.701 94.52 29.09 15.85

.765 101.80 31.81 16.10

1.000 hoinog,(6i) 9.65 16.50

In Nitrobenzene.

.031 6.332 + 10.12° + 82.3°

.187 34.17 35.27 53.15

.374 61.09 46,09 38. 9 0

.562 83.04 47.70 29.58

.736 99.77 45. 66 23.57

1.000 horoog. 9.29 15.9
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The experimental figures contained in the pre¬

ceding tables are plotted in the form of a diagram

on the previous page. This illustrates the inf¬

luence of the polarity of the solvent in an interesting

manner.

Disregarding minor irregularities for the moment,

it is seen that the various dilution curves vary from

mesitylene, giving the lowest rotations, to nitro¬

benzene in which very high values are found. The

general order of the curves is mesityiene, toluene,

benzene, chlorobenzene, anisole and nitrobenzene, and

except for an inversion of chlorobenzene and anisole ' ^
this agrees with the polarity of the solvents.

The relative positions of these last two compounds,

however, depend upon the actual concentration of the

tartaric ester. At about 0.15 mole fraction of the

latter, the rotations are in exact agreement with the

polarity, and at still lower concentrations (below 0.11)

the anisole curve falls rapidly bringing about a dis¬

placement with respect to those of benzene, toluene

and mesitylene.

Another important conclusion which can be drawn

from the diagram is that even the irregularities noted

above are caused by variations in the shape of the

curves which change regularly as the polarity of the

solvent increases. The mesitylene values are
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represented by a smooth curve trending downwards at

extreme dilutions. In the toluene diagram, the

beginning of a maximum has appeared near the left

hand axis, a maximum which moves by successive stages

to the right on passing from toluene to benzene and

anisole. In the more polar liquids chlorobenzene

and nitrobenzene the upward direction of the diagrams

at high dilutions prevents any tendency to a maximum

being visible.

This tendency to show a maximum value is charac¬

teristic of hydroxy compounds and, as has already

been stated, such maxims, have been traced in the optic

activity and also in the degree of polarisation of

alcohols. It is the presence of the maximum which

causes an apparent displacement at certain con¬

centrations in the relative influence of anisole on

the rotatory power of ethyl tartrate. This diagram

therefore reveals very clearly one source of irregu¬

larity which may affect the comparison when rotatory

powers are onlj determined at one fixed concentration

of the s,ctive solute.



l]i£..IiLCla£ii,gfi q£ SQlvenls-oa tk

d-Camphor, (£- 2,

Rotatory Power of

t = 20°,)

Solvent c rhil_ j fj-1018

c6h5Iffl2 4,81 -f- 3.48° 4-76. 0° 1.51

c6k5ch3 5.02 5.10 77.2 0.40

G6H6 5.06 5.20 78.2 0

C6H51T02 5.08 5.61 83.8 x 5.90

c6h5cn 5.01 5.34 81.0 3.85

G6H5^ 5.04 5.40 81.4 1.56

c6h5°ch3 5.02 5.48 83.0 ,

id
1.16

j/
G6H5I 5.05 6.00 90. 0 1.25

cii30h 5.61 11.22 « 76s 0 * 1.64

chclg 5.03 5.25 79.4 1.10

ci-13c00h 5.01 5.43 82.3

cs2 5.04 5.60 84.0 0

1ch3cr 5.08 5.70 85.3 3.94

cc14 4.90 5.64 87.5- 0

CH2Clp 4.97 5.91 90. 3 1.61

ch31i02 5.02 6.03 91.2 3.78

CHBr„
5

5.04 6.34 95.7 1.30

C6H14 5.00 7.13 108.2 0

37H16 5.12 7.35 109.4 "> 0

CHI
O

5.16 7.94 116.9 x 1.60

Cm tilt . /

£tzaj^-o "KA"'

4*4, ia) -

4>wt 5' *<- » '

Caj -d^to^ <X.%A4
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On examination of the above figures, very little

connection between the rotatory power of camphor and.

the polarity of the solvent can be seen. Among the

aromatic solvents the value for aniline is very pro¬

bably anreliable owing to the tendency of the aniline

to interact with the solute. If we omit this value

the two non-polar solvents may be considered as giving

the lcwrest rotatory power. The results are, however)

irregular. The only resemblance between the

aliphatic and the aromatic series of solvents lies in

the low values given in the chemically similar hydroxy

and amino compounds and the high values given by the

iodides.

In the hope of gaining some further knowledge as

to these exceptions, the rotatory power of camphor was

examined at various concentrations in a number of

solvents.

The experimental results are given on the

following pages.
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The Influence of Concentration on the Rotatory Power

of d-Camphor in Solution. ( 4, t = 20°.)

Note. Owing to the bulk on the camphor in these

solvents, it was not possible to prepare solutions of

much higher concentration than those quoted below.

-*■n Nitrobenzene.

hole fraction
of Camphor.

c I>1
S^+fc. I

.024 3.214 + 7.09° •f- 83. 6°

.037 5.088 11.22 83.8

.059 8.046 17.78 84.0

.082 11.18 24.77 84.2

.129 16.89 37.83 85.01

.175 22.47 51.09 86.40

.211 26.65 61.09 87. 08

In Anisole.

Mole faction c l—i m i—i ?£

.021 4.003 -b 8.29° -+-78. 7°

.036 5.008 10.43 78.9

.059 8.007 16.72 79.3

.087 11.66 24.75 80. 20

.113 15.12 32.37 81.32

.158 20.68 45.32 83.26

.189 26.86 60.03 84.92



-56-

The Influence of Concentration on the Rotatory Power

of d-cara-ohor in solution. (Ia 4, t » 20°)

In Benzene.

Mole fraction c [M]*• JSA.4,1

.012 2.070 + 4.11° +75.40°

.024 4.072 8.26 77.07

.036 5.987 12.29 77.98

; 054 8.852 18.44 79.14

.080 12.64 26.67 80.15

.110 17.58 37.64 81. 36

.170 25.89 56.97 83.60

.206 30.69 68.52 84.82

In Acetonitrile.

Mole fraction c [M]

.023 6. 568 + 14. 57° +-84.3°

.057 15.08 34.20 86.18

.079 20.15 46.20 87.10

.104 25.21 58.64 88.37

.128 30.07 70.30 89.41

.151 54.05 80.92 90.28

.177 38.35 91.82 90.99

.223 45.47 109.56 91.58
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The Influence of Concentration on the Rotatory Power

of d-camphor in Solution. (■£.= 4, t = 20°, )

In Chloroform.

Mole fraction c oL

.014 2.69 1-5.72° + 80.8°

.031 5.72 12.25 81.4

.055 10.01 21.72 82.25

.091 15.91 34.88 83. 30

.118 20.17 44.48 83.80

.157 26.13 57.87 84.14

.199 31.83 70.27 83.87

In I. ethyl Alcohol.

Mole fraction
*

c J r—I & 1l?1

.016 5.606 + 11.22° +76.03°

.052 16.94 35.04 78.57

.075 23.19 48.82 79.98

.109 31.48 67.72 81.74

.144 38.41 84.32 83.41
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The Influence of Concentration on the Rotatory Power

of d-Camphor in Solution. ( £, =? t t = 20°. )

In Carbon Pi sulphide.

Mole fraction c
I [K]

.016 3.965 + 8.62° -H 82. 6°

.043 10.17 22.63 84.57

.076 17.03 38.67 86. 30

.144 29.55 69.10 88.88

.165 33.08 77.90 89.48

.187 36.43 86.22 89.92
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The Influence of Concentration on the Rotatory Power

of d-Camphor in Solution. ii
, t = 20°.)

In Methyl Iodide.

Mole fraction c
1 [>]■* e»>

.025

.117

.160

.211

.290

5.164

21.47

28.12

35.42

45.26

+15.88°

64.66

83.64

104.6

132.4

+ 116.9°
114.2

113.0

112.2

111.0

In Hexane.

Mole fraction c fM]L -J

.057

.132

.202

.274

.370

6.704

15.29

23.14

30.85

40.70

+- 19.12°

43.04

64.49

85.55

112.5

-HI08. 3°
107.0

105.9

105.4

105.0
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From the previous graphs it will he seen that in

the majority of solvents the rotatory power of camphor

falls With increasing dilution, with the exception of

hexane and methyl iodide. The fact that benzene

and hexane behave differently makes it difficult to

draw any definite conclusion as to the influence of

association upon the rotatory power of d-camphor,

From molecular weight determinations, such as those

quoted in Turner's "Molecular Association", it may be

concluded that although molecular complexes probably

exist in hydrocarbon solvents of the aliphatic type

e.g. hexane, they are almost certainly broken up at

high dilutions in benzene solution. Benzene alone

gives normal molecular weight values :-

Cyclohexanone of molecular weight, 98, in benzene

solution (c = 0.69 - 5.97) gives 98 - 102 as the value

for the observed molecular weight. In cyclohexane,

however, a compound which resembles the aliphatic type;

the observed vs.lues (for c = 0.36 - 6.28) were of the

order of 4-54 - 560. This seems to prove definitely

that molecular association has taken place in the

cyclohexane solution.

In all probability the graph of camphor in benzene

gives a true representation of the break-down of the

associated complexes of the solute, and it may be

assumed therefore that in this case the individual
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molecules themselves possess a lower rotatory power

than those in the associated state. This agrees

with the values for the rotatory power determined for

camphor dissolved in solvents of the benzene series,

in which there is a tendency for the polar solvents to

raise the rotation. The high value obtained in

hexane solution may therefore be ascribed to molecular

association. As may be seen from the graph, aceto-

nitrile and nitrobenzene give high rotations, whilst

benzene and anisole give low ones.

The results obtained for camphor as given above

differ remarkably from those given with d-bromocamphor,

the experimental values for which are given in the

following table. This compound was only examined

in solvents derived from benzene.
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The Effect of Solvents of the Benzene Series on the

on the Optical Rotatory Power of d-Bromocamphor.

(£. 1, t = 20°.)
The To romo camphor used was the B.D.H. product.

Solvent c
18

yt*-x 10

G6H6 4.996 + 7.36° *+-340° 0

C6H5CH3 4.998 7.57 350 0.40

g6h50gh3 5.022 7.77 357 1.16

CgHgBr 5.019 7.93 365 1.56

C 6^5 5.016 8.26 381 1.25

CgHgCHO 5.002 §.29 383 2.75

c6h5gk 5.002 8.52 39 3 3.85

G6H5N02 5.000 8.62 398 3.90

iS'j'

ikj a lUil+Vi

i7fc2

/ M -fva^a tOa C.
)
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As a sharp contrast to the closely related

compound camphor, d-bromocamphor gives an excellent

agreement between rotatory power and dipole moment of

solvent. In both instances, solution in a polar

solvent leads to a higher rotation. According to

the assumption of Rule and McLean the electrical

influence of the ketonic group is diminished in liquids

of high polarity or by the molecules actually associa¬

ting with themselves, and this appears to indicate that

the contribution of the keto group in dextro camphor

and bromocamphor to the molecular rotatory power is in

the negative direction. Iodobenzene gives a higher

value, and this is in agreement with the abnormally

high rotation obtained with camphor dissolved in the

iodo compound.

It will be observed that bromocamphor has a much

higher rotatory power than the rela,ted camphor, but it

must be remembered that it possesses an additional

asymmetric carbon atom :-

3H,

(d-camphor)

•*-
/CHBr

(d-bromo campho r)
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It is highly probable that the regularity of the

polar changes in this case, as opposed to that of

camphor is due to the fact that the electrical influences

mainly operate on the new asymmetric atom, which is

directly attached to the two polar groups C;0 and -Br.
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The influence of Solvents on the Optical Rotatory

Power of 1-Menthone.

The menthone was prepared as follows, by a

modification of Beckmann's method

To sodium bichromate (54 gin.) and concentrated-

sulphuric acid ( 50 gm.) diluted with water (300 cc.),

was added crystalline menthol (45 gm.). A strong

colour developed, due to the production of a chromium

compound, and the mixture was continuously shaken to

allow the oxidation to proceed. The colour darkened

still further, and, under the influence of the heat

evolved by the mixture, the menthol was converted into

a black chromium compound consisting of small crystals.

This, eventually liquified with the formation of

£~menthone.
I j

After the mixture had cooled, the brown oily layer

containing the menthone was extracted with ether.

The ethereal extract was next washed with water and

dilute sodium hydroxide solution until all coloured

impurities were removed. The clear co'lourless

liquid was then purified by means of a steam distillation

after which the resulting menthone was again taken up

in ether, dried over anhydrous sodium sulphate, and

distilled under reduced pressure. The distillation

was twice repeated until the menthone gave a constant
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a® 0

constant optical rotatory power of 06= -21.17 .

Yield, 25 gm,, b.p. 92° under 10 mm. pressure.

The Rotatory Power of ^-Menthone in Solvents derived

from Benzene, ( Z ■= 1, t =■ 20°.) .

Solvent c aL [Ml juic 1018

WH3 5.11 -0.97° -29.2° 0.40

°6H6 5.16 -0.98 -29.3 0

W 5.26 -1.00 -29.3 1.25

°6H61IH2 5.09 -1.00 -29.6 1.51

G6il5'Br 5.19 -1.01 -30.0 1.56

c6h5cho 5.14 -1.01 -30. 3 2.75

W°2 5. 26 -1.08 -31.55 3.90

c6H5ot 5.11 -1.11 -33.45 3.85

From the above table it will be observed that

there is here another 'compound which agrees closely

with the assumption of Rule and McLean. The highest

rotatory powers are obtained in solvents of high

polarity such as nitrobenzene and'cyanobenzene. On

the other hand, the non-polar solvents, benzene and

toluene give the lowest values. The members of the
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series Y/hich occupy positions in the middle of the

table fall into the order expected. In each case

an increase of rotatory power is attended with an inc¬

rease of polarity with the exception of nitrobenzene

and cyanobenzene, the relative positions of which are

slightly reversed.

The maximum range of rotation was only 4,25° on

the molecular rotation. This small variation might

be understood if the electrical influences caused by

the action of the solvents on the keto group produced

optical changes in opposite directions in the two

asymmetric atoms. It was therefore thought of

interest to examine carvone under similar conditions,

as this compound has only one asymmetric atom in the

molecule.

&~ Menthone. d-Carvone,



-71-

The effect of polar solvents on d-carvone.

The carvone used we,s the B.D.H. product,

refractionated under reduced pressure, which? at 19.5°

fi oM » 106 in the

homogeneous state.

1 3 1 dm.

t = 20°.

Solvent
1

C "7^°
j concentration

| p?. 10

g6h5gh3 3.05° 89.9° 5.09 0.40

°6h6 3.25 95.4 5.11 0

g6h5gn 3.45 101 5.11 3.85

c6h5no2 3.57 106 5.07 3.90

c6h50ch3 3.65 107 5.12 1.16

c6h5br 3.66 108 5.10 1.56

c6h5i 3.90 114 5.13 1.25

As was expected carvone shows much greater changes

in rotatory power than menthone. The lowest values

are given in the non-polar solvents toluene and benzene;

the polar liquids give higher values, although these

are not arranged in exact agreement with the polar

character of the solvents. Unless the rotatory

powers found in the hydrocarbons benzene and toluene
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are abnormally displaced owing to the ketone existing v Vrtnll.

in an associated state, the experimental results bear
Sm f-iu.

a strong resemblance to those given by camphor.

In the case of camphor, association with other mole¬

cules, whether of solute or solvent, also leads to an

increase in rotatory power.

In order to test these conclusions in the case

of carvone, the rotatory power was determined in

hexane solution at various dilutions.
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The molecular rotations of d-carvone in varying

concentrations of hexane.

1 = 1 dm.

t = 20°. ( Density at 20° = 0.954. )

oC
So-U

ao

Molar fraction [Ml

.0852 "•"5.24° ■4-78,56°

. 1302 8.00 80. 00

.1754 11.02 32.33

.2190 13.99 84.16

.2686 17.43 86.26

.3162 20.51 87.67

.3596 23.72 89.15

.4153 27.36 90.61

.4610 27.79 92.02-

.5159 34.25 93.61

.5723 38.47 95.59

.6398 42.63 97.41

.6877 46. 63 99.02

.7181 52. 06 100.0

.7751 52.88 101.6

.8249 56.63 103.2

1.0000 68.05 107.0
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As may "be seen from the previous diagram, if

carvone is diluted with hexane the molecular rotatory

power falls steadily. This indicates that the

individual molecules possess a lower rotatory power

than those present in the associated state. The

maximum range of values is from 107° to about 789,
which corresponds to the changes observed when the

concentration is kept steady at c » 5, and the polarity

of the solvent is varied.
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The effect of polar solvents on the molecular

rotatory power of 1-Kenthol.

The 1-menthol used was the B.D.H. product and

had an optical rotation of IHr -49.75° in alcoholic
solution (c = 10).

1 « 2 dm.

t » 20°.

Determinations in solvents derived from benzene.

Solvent concentration i>r
5^1

y^ox 1018

c6h5mh2 5.005 -4.85° -75.6° 1.51

C6H5Br 5.022 -5.31 -82.31 1.56

g6h6 5.010 -5.30 -82.5 0

grhr ochrx6 5 o
5.007 -5.35 -83,4 1.16

5.002 -5.39 -84.1 1.25

o6h5cn 5.000 -5.47 -85. 3 3.85

c6h5ch3 5.011 -5.50 -85. 6 0.40

c6h5ii02 c, 4.998 -5.55 -36.6 3.90
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The effect of solvents of the methane type on the

molecular rotatory power of 1-Menthol.

1=2 dm.

t = 20°.

Solvent concentration
452+Cml C«f° , 18

10

chcl^ 4.998
o

-5.09 -10.a" 1.10

cgi4 5 . 022 -5.14 -79.8 0

gh5gx 5.001 -5.37 -83.2 3.94

ch^nooo 5.028 -5. 36 -83.2 3.78 x

cllgglo 5.003 -5. 35 -83.4 1. 6±

ch3i 5.035 -5.47 -84.7 1.60*|

cs2 4.996 -5.51 -86.0 01

ch3oh 4.999 -5.60 -87.4 1.64 *

ghlirr, 4.991 -5.60 -87.5 1.30

ch3c00h 4,997 -5.65 -88.2 0.74

°6h14 5.014 -5.75 -89.5 0
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The Influence of Concentration on the Rotatory Power

of £»-Menthol in .Benzene Solution. ( £* 4, t = 20°.)

Mole fraction _/ FM]
of Menthol.

.0075 -2.15° -83.92°

.0118 -4.31 -83.20

.0232 -8.57 -83.56

.0409 -15.10 -84. 31

.0596 -21.65 -84.43

.0918 -32.99 -85.82

.2028 -72.04 -88.76

.3409 -104.16 -90.28
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Reviewing the above tables, it is seen that

neither aromatic or aliphatic solvents have any very

regular effect on the rotatory power of y£-menthol.
The total range of values is not large, amounting to

only about 10° on the molecular rotatory power for

each series of solvents.

When /-menthol is diluted with benzene a change

of the same order of magnitude is produced as the

associated complexes are broken up. JL -Menthol,

like camphor and carvone, has a higher rotatory power

in the associated state. Prom this point of view

it may be assumed that the values observed for the

benzene solvents are more normal than those found

with the aliphatic solvents.

Comparatively high rotations are given in nitro¬

benzene and benzonitrile, both of which may enter into

dipole association with the solute, while the less

polar anisole and the non-polar benzene yield solutions

of low activity. It is possible that the high value

given by the toluene solution is connected with its

partly aliphatic character, due to the presence of the

side chain. Hexane, it will be noted, among the

aliphatic compounds yields a very highly active

solution.
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The Influence of Concentration on the Rotatory Power

of £> -Menthyl Methyl Bther dissolved in Hexane.

Preparation of £-Meatby1 Methyl Ether :- Menthol (90 gm.)

was heated to 150° in a distilling flask, fitted with

an upright water condenser. Potassium (7.8 gm,)

was added in small portions through the condenser.

When all had dissolved, a process which took about

two hours, a rubber stopper carrying an air leak was

fitted into the neck of the flask and excess of menthol

was removed by distillation in an atmosphere of

hydrogen. The distillation was discontinued when

the potassium menthoxide in the flask solidified.

The mixture was then cooled, the stopper removed and

a water condenser fixed as before.

Methyl iodide (60 gm.) was next added, and the

mixture cooled in ice. After the first vigorous

reaction had subsided, the flask was heated at 50°

for eight hours, and then allowed to stand overnight.

Solid potassium iodide was then filtered off and

the residue throughly extracted with ether. The

ethyl ether and any excess of methyl iodide were removed

from the extract by distillation from a water bath and

the remaining liquid was subsequently fractionated

under reduced pressure.
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Three fractions were retained :-

a) 73.54°, b.p. 83 - 85°/ 10mm. \

b) oC. - - 78°. I £ = I.
■S7«.<S»I f

c) oC^(- 86.91°, b.p. 78 - 83°/ lOmm.J
The highest boiling fraction was treated with

p-nitrobenzoyl chloride (6 gin.) and pyridine (15 cc.)

and heated for eight hours at 60° to remove any

unchanged menthol. The resultant mixture was ex¬

tracted with ether, and the extract dried over

anhydrous calcium chloride. After removal of the

ether the methyl ether was again fractionated, b.p.
Oo

79°/l0mm., -97.00°, yield 16 gm.

£ - Kenthyl Methyl Ether in Hexane.

( £. I , t r, 20°.)

Hole fraction
of Ether. °^* S*t-6>l

.0874 -12.90° -197.2°

.1229 -17.80 -196.7

.2538 -35.40 -195.0

.4845 -58.16 -193. 3

.6722 -74.15 -192.2

.8756 iHrH•CT>CO1 -191.1

1.0000 -97.00

( 0.8648 )

-190.6
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The rotatory power of menthyl methyl ether in

a variety of both aromatic and aliphatic solvents has

already been determined by Rule and Tod, who found that

the maximum range was small and that there were few

regularities.

The above preparation was repeated in order to

investigate the influence of association between the

ether molecules upon the molecular rotatory power.

The experimental results are given above, the deter¬

minations being carried out in hexane solution.

Such ethers are compounds of low polarity, and

therefore do not associate to any very great extent.
will

It is to be expected that the observed variation/be
smallwhich has indeed proved to be the case. It

only amounts to between six and seven degrees on the

molecular rotation. It should be noted, however, that
previously

unlike the other terpene derivatives/examined in the
course of this work, £-menthyl methyl ether has a lower

rotatory power in the associated state.
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The Influence of Solvents on the liolecular Rotatory

Power of 6-Menthyl Chloracetate. (1-2, t ~ 20°. )

The sample of ester was one prepared by Rule,

Thompson and Robertson,(J.C.S. 1930, 1888). It

was optically pure and gave vL - -3.53° in C^Ik.
( c s 5 . 04)

o fxi

Solvent c ^suut j&

t

1 y^-x 1013

c6hs°h0 5.02 -3.23° -74.3° 2.75
- 187°

W°S 5.02 -3.28 -76 JO 3.90
i cjl 0

°6K5Br 4.98 - 3. 36 -78jl4 1.56 1^6

C6H51 5.04 -3 ^1j. J. -78.7 1.25

c6h5ps 4.99 -3.37 -t.8 1,51 w7

C6H50HS 5.06 -3.44 -79.0 0.40

C6H6
g6k50ch3

5.04

5.01

-3, 53

-3.54

j81; 4-

-82.2-

0

1.16

1.05

X06'

gs2 5.11 - 3. 33
~

-75.8 0

CH^I
o 5.05 -3.43 -79 JO 1.60 1^7

0014 4.98 -3.41 -79/. 7 0

g6hi4 5.01 -3.53 -qfl.. 9 0
ior

ch cm
o

5.04 -3.57 -32.4 3.94 104

oh8so8
ch^cooh

5.04

4.97

-3.77

-3.76

■787.0

1-87, 9

3.78

•v/4 i'm

2-n

jlio

CKgCip 4.99 -3.79 -88.2 1.61 in

ghc1„
0

5.06 -3.85 '-88.5 1.10 111

it/C

O)
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The solvent influences are comparatively regular

in the cases of the benzene derivatives; anisole,

benzene and toluene giving solutions of high activity,

while the activity is reduced by the more highly polar

compounds. Rule and Smith (J.C.S. 1925, 127, 2188)

have shown that the rotatory powers of ^-menthyl
esters of monosubstituted acetic acids vary with the

polar nature of the substituent, the greater the

polarity the higher being the rotatory power. The

increased rotation due to the presence of the halogen

atom in the chlcracetate molecule is accordingly

lowered in contact with polar solvents, as they are

able to enter into dipole association with it. A

similar and regular lowering of rotatory powers in

solvents of increasing polarity has also been observed

in the case of the unsubstituted Jz-menthyl acetate by

Rule and Ritchie (J.Ritchie, Thesis, 1951, Edinburgh).

In the fatty solvents the results are irregular

and on the whole appear to indicate a polar influence

in the reverse direction to that observed in benzene

solvents. Carbon disulphide, carbon tetrachloride

and hexane, for example, yield solutions of low

activity, while the strongly polar acetonitrile s.nd

nitromethane occupy positions in the middle of the

table. Considering the more regular effects shown

throughout these investigations by aromatic solvents
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and the greater tendency for solutes to undergo

association in aliphatic media, it is assumed that a

normal polar effect is shown by menthyl chloracetate

in solvents of the benzene series.



-88-

JL- kenthoxyacetic Acid.

This substance was prepared by the same method as !
Rule and Tod, (J.C.S. 1931, 1932.). Menthol (200 gm.)

and sodium (30 gm.) were heated at 180° in a flask

fitted with an upright air condenser till all the

sodium had dissolved. Dry benzene (500 cc.) was

added to the sodium menthoxide so prepared , followed

bya solution of 50 gm. chloracetic acid in 400cc. dry

benzene. The flask was shaken carefully and cooled

in ice, and when the reaction became less violent, the

mixture was heated on a water bath for twenty five

hours. The resulting sodium menthoxyacetate, present

as a pasty sediment was periodically broken up by

shaking and benzene was added to keep it liquid.

The sodium menthoxyacetate was washed out with

water, any excess menthol being retained in the benzene

layer. The aqueous solution was acidified with

sulohuric acid, and the free acid extracted with ether.

The ethereal solution wasdried over anhydrous sodium

sulphate and evaporated to a syrup. This last was

fractionated under reduced pressure until of constant

optical rotatory power. Yield, iOgm.
ao *°

OA

-117.82°, 0]j= -244°. D^ = 1.035,
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Rotatory Power of i*-Menthoxyaceti c Acid in -benzene

Solvents. ( L- 1, t » 20°.)

Solvent c

8

Il—'i
|

p-x 10
c6h5cho 5.05

j

o

!

toCO1

1

-192° 2.75

c6h5och3 5.04 -5.34 -227 1.16

C6H5CN 5.07 -5.48 .. o
o J- 3.85

WT°2 4.99 -5.42 -232 3.90

C6H5Br 5.10 -5.55 -235 : 1,56

C6H5CH5 4.95 0•IQ1 -233 0.40

G6H6 5.14 -11.45 -239

>£ For this determination L- 2 dr.

In the solvents derived from benzene the agree¬

ment between the rotatory power and dipole moment of the

solvent is comparatively good. The most marked

exception is the displacement of anisole, which gives

a lower rotatory power than one would expect from the

value of its dipole moment. The variations in the

middle of the table are very small and not much greater
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than the error involved in the determination. A

mistake of 0.02 in oC. would change the molecular

rotatory power by one whole degree.

Menthoxyacetic acid behaves like the majority of

optically active compounds so far examined, that is,

the rotation is greater in non-polar liquids, a con¬

clusion which is confirmed by the following dilution

experiments carried out in ether and hexane.
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The Molecular Rotatory Pov/ers of ^-Kenthoxyacetic Acid

in anhydrous Ether, ( <L - 1, t = 20°#)

Mole fraction
S2+-C.I f - -1 sz»U|

.0330 -8.50° -£7.3.9°

.0781 -19.18 -268. 0

.1711 -37.28 -262. 0

. 3154 -60.56 -256.6

.4986 -71.20 -253. 0

.6110 -91.74 -250.6

,8853 -111.40 -248.1

1.0000 -117.82 -244.0

Dilution with anhydrous ether "brings about an

increase in rotatory power as the associated molecules

of the acid are "broken up to give single molecules.

The solvent, .ether, is itself, however, weakly polar,

so that it may "be supposed to enter into combination

with the acid molecules. Consequently, the highest

observed rotatory power in ether solution will still

be less than the possible maximum attainable.

This statement seems to find support in the dil¬

ution experiments in hexane. In these solutions

the values obtained tend towards a higher figure than

that found in ether solution.
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The Molecular Hotatory Powers of l-Menthoxyacetic Acid

in varying concentrations of Hexane. 1, t - 20°)

Mole fraction d- SZUm 1

0.0401 -16.20° -298.1°

0.0867 -18.58 -289.5

0.1083 -22.18 -285.0

0.2219 -41.24 -272.6

0.2922 -51.46 -271.1

0.3702 -63.47 -270.1

0.4753 -76.40 -268.0

0.5683 -87.04 -268.5

0.6310 -96.21 -269.5

0.7145 -102.85 -270.0

1.0000 -124.5 . -258.0

—This was a slightly purer sample of acid than

that used in the previous experiments.

It will he seen that the form of the graph is

analogous to that of ether,, although, as stated above,

the values tend to a higher value than that found for

the ether solution.
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The Influence of Solvents of the Benzene Series on

the Molecular Rotatory Power of £~fienthyl 2-Eethoxy-

1-nanhthoate. ( Z- 4, t 3 20°.)

Solvent c
SU-C. 1 [>] ^ 101

cghgot 2.028 -0.1° -4° 3.85

c6h5°gh3 2.003 0.15 6.4 1.16

c6h5ch3 1.998 u. 47 15.9 0.40

C6H5Br 1.997 0.39 16.6 1.56

°6h5i 2.020 0.57 24.0 1. 25

g6h6 2.008 0.60 25.4 0

c6h5lt°2 1.996 0.95 40.4 3.90

C6H5HH2 2.004 1.67 70.8 1.51

This compound, which was obtained from Dr. Rule

did not prove suitable for examination. The

observed rotatory powers were very small, and, owing

to the. large variations produced by experimental error,

it was not possible to place any reliance on the cal¬

culated molecular rotations.
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The effect of polar solvents on the rotatory

power of d-citronellol,

The citroneliol employed was the B.D.H. product

fractionated under reduced pressure.

1=4 dm.

t = 20°.

Solvent
r -1 ao
[m]V"

Suaml
concentration j-^x 10^-®

g6h5n02 -t- 0.21° -<-1.630 5.02 3.90

: g6k5ct 0. 23 1.77 5.06 3.85

(c6h5cho 0.31 2.37 5.10 2.75)

C6h5Br 0.24 1.85 5.07 1.56

(c6h5eh2 0.26 2.02 5.03 1.51)

6 5
0.24 1.86 5.02 1. 25

C5H5OCK3 0.25 1.93 5.06 1.16

c6h5ch3 0.27 2.07 5.09 0.40

g6h6 0.28 2.16 5.05 0

CV 0.11 0.86 4.99 1.60

CH3COOH 0.13 1.01 5. 05 0.74

ch2C12 0.15 1.16 5.07 1.61

C7H16 0.15 1.16 5.07 0

6 14
0.17 1.29 5.02 0

cci4 0.18 1.38 5.09 0

gh csr 0.21 1.62 5.07 3.94

chclrz
0 0.27 2.07 5.09 1.10
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In the case of citronellol also, the observed

rotatory powers are too low for any reliance to he

placed upon the molecular rotations. It should he

noted, however, that with the exception of benzaldehyde

the aromatic solvents fall approximately into the

order of their polarities. The aliphatic solvents

present no such regularities.
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The affect of Solvents of the He thane Type on the

Optical Rotatory Power of d-Pinene.

The d-pinene used was the -B.D.H. product,

refractionated. In the homogeneous state it gave

X

oC a31. 02,° t = ?20°. (£ = 0 * m

Solvent. c I yM-X 1018
CSo 5.005 2 -h 3. 04° + 41. 3° 0
A

cci4 5.080 1 1.85 49.5 0

ch5i 4.976 2 3.75 51.3 1.60

C6H14 5.ISO 1 1.96 51.5.- 0

C7H16 5.012 1 1.90 51.6 0

CH2Cl9 5.000 2 3.92 53.2 1.61

ch3oh 4.984 2 3.98 54.2 1.64

ch-cooh 5.012 1 - 2.00 54.3 . (

ch3cht 5.060 r>
(Z/ 4.05 54.4 3.94

CHCl-z
O 4.970 lp. 2.00 54.7 1.10

CHBr„
o

5.250 o 4.90 63.5 1.30

k --

The influence of the aliphatic solvents only was

noted for this compound. A moderately good agree¬

ment was observed. With the exception of the iodo

compound, the non-polar liquids yield solutions of

low optical activity, while the more polar solvents

increase the optical rotatory power of the terpene.
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Conclusion.

Among the fourteen optically active compounds

which were examined in the course of this investigation

the most definite solvent influences were observed with

solvents derived from "benzene. In fact only in the

case of two active compounds, amyl alcohol and tartaric

acid, was any clear relationship traced "between the

magnitude of the optical rotations and the polar pro¬

perties of the aliphatic solvents.

Aromatic solvents, however, reveaJed a polar

relationship in the majority of cases. For seven

out of the fourteen active compounds the regularity

may "be described as good, namely for d-amyl alcohol,

d-tartaric acid and its ester, d-bromocamphor,^-menthyl

chloracetate, JL -menthoxyacetic acid and ^,-menthone.
In four cases a moderately close connection between

rotatory power and polarity could be traced, namely with

d-camphor, d-carvone, pinene and possibly citronellol^

although with these substances a number of displacements

were found. In the remaining three compounds, Z -

menthol,Z -menthyl methyl ether and £-menthyl methoxy-

naphthoate, the observed variations were small and

irregular, a statement which also applies to citronellol.

It may be noted that the changes found with d-amyl

alcohol were very small, but in this case
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there was good agreement with the polarity of the

solvents.

In several cases where a connection has been

found to exist between rotatory power and polarity,

the direction of the change has been confirmed by

dilution experiments using benzene, hexane or other

non-polar solvent. Association between the optically

active molecules in these examples influences the

rotatory power in the same direction as association

with a polar solvent. A decrease in rotatory power

in the presence of polar solvents was observed with

d-amyl alcohol and ^--menthoxyacetic acid; and both of

these compounds give diminishing rotatory powers xvith

increasing concentrations in a non-polar solvent.

On the other hand., a change of the reverse type was

found with ethyl tartrate, d-carvone, d-camphor and

-^-menthol. Each of these compounds has a higher

rotation in the associated state when dissolved at

high concentrations in a non-polar solvent, and each

gives higher rotations in polar than in non-polar

solvents, although the evidence for X-menthol is not

very conclusive.

A number of reasons may be suggested for the

irregularity of the figures obtained with aliphatic

solvents. Owing to the relatively small hydrocarbon

radical present in the solvents derived from methane
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the variations due to the different substituent groups

must produce much greater differences in molecular

size and shape than will be found among the aromatic

solvents, in which the substituent is only a compara¬

tively small part of the molecule. Further, the

methane solvents employed included mono-, di-, tri- and

tetra-substituted derivatives, whereas the benzene

derivatives were chiefly mono-substituted compounds.

It is therefore only to be expected that the aromatic

solvents will produce more regular effects.

In other cases, irregularities are introduced

through the tendency of certain of the optically

active compounds examined to exist in a strongly asso¬

ciated state, even at high dilutions. This is

especially the case with ketonic and hydroxylic com¬

pounds when dissolved in hydrocarbons of aliphatic

type such as hexane. Cyclohexane also leads to

association, but in the benzene solution the associated

complexes are usually broken up at high dilutions.

Examples of this kind appear to be given by d-amyl

alcohol and d-camphor (pp.36 and 59).

A third variety of irregular influence may occur

in special cases through the solvent entering into a

more or less stable union with the solute. Changes

of this type may a,ccount for the unexpected displacements

found when optically active ketonic compounds are
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dissolved in hydroxy or amino derivatives. For

example, d-camphor gives abnormally low rotatory powers

in aniline and methyl alcohol (see p. 53).

Similarly the hydroxy compound, citroneiioi, has an

exceptionally high rotation in the ketonic solvent

benzaldehyde. Probably in these examples an un¬

usually powerful solvent influence is exerted owing to

the occurrence of co-ordination between solvent and

solute molecules, the ketonic oxygen atom acting as

donor atom and the hydrogen of OH or NHg as acceptor.
A number of cases of this kind have been examined by

Sidgewick and his co-workers.
. H
^>C:0 ^HO- and >C:0-^

H .

Finally the problem may be complicated by The fact

that the optically active substance on continuous dil-

ut ion with a solvent undergoes irregular changes in

rotation. This has been shown in an interesting

manner in the case of tartaric ester, the dilution

curves of which show maxima, which are progressively

displaced as the polarity of the solvent increases,

until they disappear entirely in the more polar solvents.

As may be seen from the diagram on p. 50, the regularity

of the polar effect is quite definite but is not obvious

if the rotations are determined at one fixed concent¬

ration of the solute.

In spite of these factors which tend to obscure
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the polar influence, the fact remains that with the

majority of optically active compounds examined, the

rotatory power in solution is undoubtedly dependent on

the polar character of the solvent employed.

In conclusion, the writer would like to express

her thanks to Dr. H. G. Rule for much helpful advice

and for the constant interest which he has shown through¬

out the course of this investigation.


