THE ROTATORY DISPERSION OF BENZIL
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Lo INTRODUCTION

Hisent (CHL COLCOCH ) o yellow solid which crystaflises in the form
of hexagonal prisms belonging 1o the space-groups D and the enantio-
morphous 1290 The structure of benzil has ot been fully determined; but
s havosen that the umit cell contiine three shew molecules disposed spirally
about the paaapal axis and i osuch g way that the benzend rings are more
neathy parallel than perpendiciln 1o the ayis, The substance is optically
wtive an the crystalline stte. This has been measured by Des Cloizeaux
R0 whe finds the rotatory power for 4 8893 A 1o be slightly greater than
that of guarts,

The refractive dispersion and bireltingence of benzil have been studied
modetad by BB Jelley (1941 and W, M. D, Bryant (1943).  The optical
behavionr of this crystal exbibis certain mteresting features,  For A 8893 A,
the coystal o uniasial and pesitive, the birelringence heing slightly greater than
that of quarty. As we prceed towirds the violet, the birefringence pro-
premsvely dewvreases, till i 44208 A the ervstal is aptically isotropic,  Beyond
that savelength, the hirelnngence reverses sign, the erystal then hecoming
unsavial and weparive,

These optical propertios are evidently related to the absorption spectrum
of the substanwe. The ultrusioler absorption spectrum of benzil dissolved
i oorganie solvents has beon studied by severd workers, 1t will suflice here
o guete the dati given i the International Critical Tables (1930), The
benal solubion has o comparatisely weah absorption which extends from
A0 A onwards mto the shorter wanelength side of the spectrum, with o
masinum fyang ut about 300 A This sbsorption is the cause of the churae.
terntic yellow colour of the substunce,  There is 4 much  more intense
absorprion at 2500 A und another still more intense farther out in the extreme
ultsavtabet,

The present awestigntion wis tishen up with a view to determine the
rotatory dispersion of bensal over a wide range of wavelengths and to corre-
late st wath s absorption spectrum,  Measurements have been paossible from
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244 S. CHANDRASEKHAR

about 9000 A in the infrared upto about 3600 A in the ultraviolet right
through an absorption band. Some interesting results have emerged which
will be described in the course of the paper. In some earlier papers published
in these Proceedings (Chandrasekhar, 1952, 1953), we have already examined
the rotatory dispersion of quartz, sodium chlorate and cinnabar. We shall
now proceed to consider the case of benzil.

2. PREPARATION OF THE CRYSTALS

The commercially available chemical was first purified by repeated
crystallisation by evaporation of a solution of the substance in alcohol or
ether. The crystals thus obtained are generally in the form of needles and
hence not very suitable for the present study. Since the melting point of
benzil is only 95° C., bigger crystals could be grown from the melt without
much difficulty. The purified substance was taken in a glass tube tapered
at the bottom and melted in an electric furnace. The furnace was so con-
structed that a steady current through its heater coil established a temperature
gradient down its length, the lower portion being a few degrees cooler. The
tube was slowly lowered at the rate of a few millimetres per hour by means
of a clockwork arrangement. The tapered bottom facilitates the crystallisa-
tion to start from a point. Crystals of about 0-5 to 1cm. length were
obtained after a few trials. The optic axes of these crystals, which were
ascertained by observation through a pair of polaroids, generally coincided
with the direction of the temperature gradient. After several crystallisations,
a few clear transparent specimens were selected for the present study.
Amongst these, both right and left rotating crystals were present.

The crystals are extremely soft and brittle so that great care had to be
exercised in cutting and polishing them. They were ground by means of
very fine carborundum and polished with rouge spread on wet chamois
leather. When extremely thin specimens less than 0-03 mm. thick had to
be prepared, the crystal, properly cut, was first stuck on by means of a very
thin layer of canada balsam (whose rotatory power is negligible) to a glass
plate to prevent its fracture and then slowly rubbed down to the required
thickness. Very fine carborundum and in the later stages rouge itself was
found to be suitable for the grinding. .

3. THe ULTRAVIOLET TRANSMISSION SPECTRUM

The earlier investigations on the ultraviolet absorption spectrum of
benzil appear to be restricted to solutions of the substance in organic solvents.
It was therefore thought worthwhile to make at least a qualitative study of
the transmission spectrum of crystalline benzil. A tungsten filament lamp
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sersed Lt et et owree o ipht, Transmission photo-
graphs were ke satho e Hidger anedinm quart, spectrograph for varying
thichnesse ot e el vy frome about Tem, 1o about 0-02 mm,
Phese Bovce beacwproduced m Brec ) Plte NN For each thickness of
the vivsbal threv espoaes B M"z*n siven, mereasing from g few seconds
R TIRRTT. Proos e npwands, the s cessdyge prodips of three exposures
eavh wers Lo vt pes e !m hnewses ronghly e, 1 mm, 001 m.,
Qs e Leat o e vespechnely The esposire just below the wave-
fermeth ol o hat o !?*x“ b abelt ewll be notieed that as the thickness
tn e Dt Toat o tnamsston shatts i o stepelike fashion,  One ean
e s the antabdbe dommntoon o the mteisty bevond S000 A even in the
thipner specitoere e marks the presence o an sbsorption band in that
pepnon v the e o s hoch estends upto S S or thicker erystals,  But,
evertwth e thinnoscnes il here o admost irp eut off beyond 3400 A,
Phos s evndenth the besmnne of the sery mtense absorption lying farther
gy an the alinas neder

hl

Freo 20 Pl SN reproduges p shutopraphs tihen with a tungsten lamp
wrad ey o @mgwn.iam? , Mm b detonstrate the P eochroism exhibited
bv beral A crvstal aboad 0 0% e thick, cut p .sm!i o the optic axis was
usedd Lo th purp. I mm Fues, 2ty and 2 by, the upper exposure is
the transmission Lin ;w pedarined miix the clectie vector per P sendicular to
the opin asn e for the cndimary iy, while the lower one s the truns-
npsstont B the eleston vecta parallel to the m;'oiit." asis or the extraordinary
fav. A oepectons ot Bie o wall make o clear that in the region of
HUER A there o pieato .;?!*wﬂﬁmaﬁm iy the mdmmg ray than for the extraordi-
eyt sehercas the reserne s e cuse ut abont 600 A This is eVen maore
abviones e Fap Tads where the tmsimsions tor 39040 & and A 3605 A are
ey opguentels poloved Hoadly  speabing,  we nuty state that the

eective aboorptnom s har the vrdimey oy s ot o siigm}y longer
witvelenpth thao that Ga the extuwndiny ray As we shall see later, this
fuet wall beneful v evplanung the reluwtive dispersion and birefringence of
Benzl vver the s artpe o woavelenpths For wheh dati s available,

Cranpuly ol € hondhary c89 4 laeve studied the polarisition of the
Hucrescence o covstalline benal They tind that, irrespective of whether
the mvndent Tpht s polased on not, the fuoreseent light is partially polarised,
the vibuations 1o the vplic axns bemp strouper than the o vibrations, 1 s
mteresting to Lnd that o seanewhiat simsthin result has been obtained in our
absorptnn studies, the coanponent being more  absorbed  than the |
component  These results are evidently reluted to the molecular  orienta.
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tions in the crystal, but as the structure of the molevule tsell bas not heey
definitely established it would be premature at this stage to discuss this aspe
of the problem.

The transmission spectrum of benal dissolvad m benzene was gl
photographed, though this has not been reproduced here U pro the wne,
length studied (3400 A), hoth the vnvstal and the sodunion eshibat seey s
lar features, except that the positions of the abmorptions ol the solutom e
slightly shifted towards longer winelengths s compancd too those ol ghe
crystal. A cursory examination of the transmission of light by benal sapay
revealed that its absorption spectrum s not very mach ditlerent frons that
the crystal or the solution,

4. MEASURENMENT o tHE Rotatonry  DYse rsion

The polarimeter consisted of two nicols,  one of which was wounted on
a divided cirele and served as the amilyser. By o suntable svatems of lenaes,
light from a mercury are was made to pass through the polasimeter and the
crystal and focus on the widened shit of o spectrograph,  Phaotographs of the
spectrum were taken with different settings of the unulvser, the tme of
exposure for the successive photographs being made cxactly the same san.
ing from a few minutes to half an hour depending on the region of the spec.
trum which was being studied. By finding out the exposures of equal .
tensity on either side of the minimum, the position of extinchon could be
determined for each wavelength to within o fraction of o degree

For the range between A SROX A and A 4916 A, specimen of thicknew
7-95 mm, (measured by the micrometer culiper) win used  The thicknes
had to be reduced to about | mm, hefore A 418K A (H) swas Techly trans,
mitted and measurement was then possible for tht winnelength  The ney
step was to try and penetrate the absorption band snd to pursue the measute.
ments upto at least 3600 A" For this o crystal cut perpendiculas to the
optic axis of thickness less than 003 mm. had 10 be ued  The nfiey et
was prepared in the manner already deseribed,  1owas thinned down gl
the A4046 A line was faintly visible after passage through o In these
circumstances, it was found that the transmission estended uples ahout
3600 A, so that the measurement of the rotutory power could be estended
upto that wavelength,

Similarly, measurements were carried out into the infra-red region of
the spectrum upto ahout 9000 A, The mercury nreowas u pood sonree of
light but specially sensitized photographic plates (Kodak 1RER) were ne
cessary.
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The thickness of the largest crystal was measured by means of a micro-
meter caliper and those of the other two were estimated in terms of this
thickness by a comparison of the values of the rotations for certain common
wavelengths. The accuracy of measurement with the first two specimens
is quite high, as the value of the total rotations for these thicknesses is large.
But with the thinnest specimen the total rotation is hardly a few degrees
and this could be determined only to within about 0-1°, so that the accuracy
of measurement 1is cons1derab1y less. The values of the total rotations
obtained with the three specimens for the different wavelengths together
with the mean estimated value of the rotatory power are given in Table I.
Throughout, the wavelength () is expressed in microns (x) and the rotatory
power in degrees per millimetre.

TABLE 1
Total Rotation measured in degrees
A : Mean Value

(in p) Specimen I Specimen IT I Specimen III | of Rotatory

Thickness Thickness |  Thickness Power

measured estimated estimated

7-95 mm. 1-08 mm. 0-0281 mm.
-3590 4-2 149
<3655 4-08 145
-3704 370 132
3785 3-20 114
3906 270 96
-3980 2:20 78
-4046 1-50 53
4078 1-35 48
4358 48-4 1-25 448
-4916 330-63 44-9 1-14 41-6
<5461 245-38 33-9 0-89 314
5780 - 212-13 28-9 0-78 26:7
-5893 202-13 27-15 253
-6234 234 - ‘ 217
<6908 18-4 17-0
-7082 164 . 15-2
<7729 13-4 12-4
-8180 12-4 11-5
<8756 10-4 9:6

The rotatory power for A 5893 A as determined by Des Cloizeaux is
25° 4 0-3°. This value is in good agreement with that obtained in the
present work.

A3
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It has been shown carlier by the present author that the rolitory dis.
persion of quartz and cinnabar are represented nuh beter by formuly
of the type i

J hAY
SERNPURp Wit (1

than by a formula of the Drude type.  Benzil is i many respects sy shmis
lar to the two crystals mentioned above,  Puor instinee, ot 4 33“%:1%::(;;; ‘lhe
same space-group to which quartz and vinnabar belong and b, like the
latter, its optical activity, is present only in the crystalline state, Hepee
we may expect that the rotatory dispersion of benail 1o be tepresented well
by a similar formula. The following formula fits the experimental duta
fairly well: '

’ ¢ ‘2? ﬁ&."x

24y @)

It has been found necessary to assume o chunmeteristiy uhso poon wave.
length at 2400 A in order to fit the data accurately,  The absorption hmﬂ;m
of crystalline benzil has not been studied in the sltraviolet, but one cun m,
that this assumed wavelength roughly corresponds fo the avtil ::%W‘mguu
observed at about 2500 A in the benzil solution.  The sl hift of ‘ui‘mui
100 A may be expected to be a genuine one from what we hine seen wrﬁw
regarding the differences in the transmission spectrum of the m%!tuim; ‘“:‘;
the cyystal. The absorption band at 3900 A hus heen neglected “*“*}wgl’xér
as it is a comparatively weuk one and ax we shall see Turer mmrmnm"mzf'
a little to the rotatory power.  Further, an exict knowledge of the im%:n;%‘t}
and shape of the absorption is necessary hefore we cun wtiempt 1%1'&?:‘:‘: .
formula which is valid right through the band. There hus been o mwxi;tg
to include a term involving the extreme ultruviolet sthaorption ““k“!iﬁ mm;;ﬁi}f
whereas this term contributes considerubly to refruction,  The vithies Wii-h
lated from the formula have been drawn as o continuous cutve iﬁlm ‘*&z;.
while the cxperimental data have heen plotted as points. The sz_’- d
exhibits zmcxmalous rotatory dispersion in the neighbourhomd of iiw “';“i:;*:
tion band. However, except in the immediate vicinity of the m;m{ ;;,@
experimental points fall on the theoretical curve, The shded tw:ix;nvi;
the graph represents the actual contribution of the ahaorption bund 1o the
rotatory power, and this is not large. We wre, therefure, not mﬂmﬁﬁ‘d
in leaving it out in our formula. 1t is interesting 1o find that yx‘fw w*;ju; t t@
of formula that holds good for quartz and cinnubar alse et ener ”'-lﬁ | erPL
for benzil fairly well, epresents the data
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Fic. 1. The Rotatory Dispersion of Benzil.

5. TuE THERMAL VARIATION OF THE ROTATORY POWER

A attempt was then made to see if the rotatory power shows any marked
mwnges. when the temperature of the crystal is altered. A specimen about
mnm. thick was used for this experiment. The crystal was mounted inside
wlenoid suitably constructed for the purpose, so that it could be heated
cetrically. The temperature of the crystal was measured by means of a
pper-constantan thermocouple. The rotatory power was determined
sh at Toom temperature (28°C.) and at 68°C. The rotatory power is
und to decrease slightly with -rise of temperature. The values of the
te of variation of the rotatory power with temperature, dp/dt, are given in
able 1T For three wavelengths. High accuracy cannot however be claimed
r these values as the changes in rotation are rather small.

‘ - [ 1 1 |
£y 04 05 06 07 08 09
’ A\ in microns ——>
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In some carlier papers, the present author has sl thar ihe thermal
variation of the rotatory power of quartz and civabar can by sthisticordly
explained by assuming that the characteristic frequencies <t with Tempe-
rature. - We shall not make a similar caleulation in the vise of benal, i "
detailed knowledge of the contribution of the pegine renmn o W0 A |
necessary before we can proceed to do so.

6. THE REFRACTIVI. DISPIRSION 1 Binsn

The following formula of the Sellmeier-Dirude type hine been found 1o
fit the refractive dispersion of benzil over the whole vspe ol avolable daty:

0-37A% 00138 A
R P LRIV (0 395)¥ ¥
0-535A% 0018 A

wﬂ s I *‘()Z“: } Al (0‘24}52 i A¥ (u,j‘:‘hﬁ&; ('“

The characteristic absorption wavelength at 2400 A which oceurs in the
rotatory dispersion formula (2) also appenrs in these formube.  In wdditon,
the extraordinary index has a characteristic dispersion wavelenpth at 31950 A
while the ordinary index has one at 3980 A. This i bused on the ohserva-
tions made earlier regarding the plevchroism of crystalline benail in the
region of 4000 A. The contribution of the extreme wltrsvaedet e has
been replaced by a constant in each formula, The caleulted vadues are
given in comparison with Bryant’s experimentul duty in Tuble 11,

The agreement between the experimental and the ealeulted vitlues s
quite good. The interesting way in which the birelringence of bensil varies
as we proceed from one end of the visible Spectrum to the other becomes
immediately explicable in terms of these dispersion formulbe,




The Rotatory Dispersion of  Benzil 251

Tanty HI

A eleaptd e e f crrespl berteale) e w explL) | o o (eale.)
A VAN AT P73 1737 0000 % 0000
DL RENT P2l T 0004 0006

A0S L T LI 0e L 0-006
o0 Fetos NS TR S RN O 0-011 100l
BRI s b7 TR Pofasd 0013 01
CARIGL e Pewd 1667|1600 Ry 0-018
YA | otastd (RULUE ool oot 0020 0-020
SECR RIVE) Loty oS | O8N 04021 0-021
61 Y [0t YIT ‘ | tidi (024 (023

7. INSCUSSION

The structure of the benzil molecule s not definitely known,  Caldwell
and Le Pevee (1939), tfrom o measurement of the dipole nfoment of benzil
dissolved in vitrtous orpanic solvents, suggest that the molecule has a skew

configuration in whicl the two CH, ¢ O groups lie in planes which are
nearly mutually perpendicular. o osuch a case, the molecule can obviously
exist in cither a ripht-handed or a left-hunded form. The optical activity
of henzil should consequently be of molecolar origing as is the case, for
instanve, with the sugirs, the fartrates, ete. But remarkably enough, the
rotatory power of this substance exists only in the crystalline state. The
reason for this perhaps les in the fact that in the state of solution, an inter-
change or equilibrium between the o and the Horms of the molecule exists -
a possibility which cunnot be precluded if the potential barrier between these
two enantiomarphous forms is not large.  Or it may be that there is a free
rotation of the two halves of the molecule about the eentral C--C bond.
In fact, the measured vitlue of the dipole moment of benzil in solution agrees
closely with the vidue computed assuming a free rotation. But Caldwell
and Le Fevre are inclined to dismiss such a possibility. In the crystal,
on the other hand, the molecule would assume a relatively fixed configura-
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tion, as is evident from the fact that the rottory power does not exhibit any
catastrophic change when the erystal is heated.

A large amount of experimental dati concerning various properties of
erystalline benzil is available.  However, these data il await interpretation
on account of the fact that the striucture of the erystad is not known,  For
instance, the magnetic anisotropy of benAl is qunte Lipe and comparable in
magnitude with that of naphthalene, hipheavl, creo (Krishnan, Guha ind
Banerjee, 1933).  The optical anisetropy, on the vontrany, is guite feeble,
In fact, the crystal is optically isotropic in the violet repion of the spectrum.
An explanation for this in terms of the crvstal struvture and the anisotropies
of the individual molecules would be off the hiphest interest. But, only a
preliminary analysis of the crystal structure has been nsade so far and that
is by Knaggs and Lonsdale (1939), who have come 1o the conclusion that
the molecule must be of g skew type. Mann and Thompson (19515 have
examined the polarisation of the infriered absorption of bengil with a view
to get some information about the structure, but hive not wrived at any-
thing significant from their observitions, A detwled investigation of the
Raman effect in crystalline benzil does not appeiar (o have been made.
The dynamic X-ray reflections of bhensl have been studied thorow by
Mrs. Lonsdale (1942) and also by R, V., Subrabmanian (1942), A careful
inspection of these photographs will, no doubt, throw considerable light
on the orientations of the benzene rings in the crystal,

But this still leaves the question about the origin of the optical rotatory
power of benzil unanswered, A more detailed knowledpe of the structure
of the benzil molecule and erystal is certainly necessary before we can proceed
to a deeper analysis of this aspect of the prohiem.

In conclusion, T express my sincere thanks to Prof. Sir C. V., Raman
for the valuable suggestions he gave me during the course of this work,

K. StuUMMARY

The paper reports & study of the rotatory dispersion and the ultraviolet
absorption spectrum of crystalline benzl, Transmission spectra have been
photographed with varying thicknesses of the ¢rystal,  Even with the thinnest
specimens (0-02 mm.) there is an almost complete cut off in the transmitted
intensity beyond 3400 A marking the presence of an infense absorption band
farther out in the ultraviolet.  There is another comparatively feeble absorp-
tion which extends from 4500 A onwards into the shorter wavelength region
of the spectrum with a maximum at 3900 A, This band is markedly pleo-

hroic. The rotatory dispersion has been measured from 9000 A in the
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infrared upto 3600 A in the ultraviolet right through the absorption band.
A specimen of 0-03 mm. thick had to be used in order to penetrate the band.
The crystal exhibits anomalous rotatory dispersion in the region of absorp-
tion. The one-term rotatory dispersion formula

p? = 6-27 N[A2 — (0-24)%]

fits the data quite well except in the immediate vicinity of the absorption
band. The temperature variation of the rotatory power has been measured
for three wavelengths in the visible. The rotatory power decreases slightly
when the crystal is heated. Dispersion formule have been proposed in
terms of observed absorption frequencies which give a satisfactory explana-
tion for the interesting fact that the crystal, which is uniaxial and positive for
15893 A, becomes optically isotropic at A 4205 A.
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