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(Communicated by Prof. K. Banerjee, F.N.I.)
(Read September 6, 1947).

ABSTRACT.

The diphenyl crystal has been further studied with a more efficient X-ray equipment and
a Weissenberg goniometer. The planar and linearly extended structure of the diphenyl molecule

with the length of the C-C bonds in the two rings 1'42A, and that of the link between the

rings 1-48A, has been examined in the light of the new experimental data. The agreement
between the calculated and the observed values of the molecular structure-factors indicates the
planar molecular configuration shown in Fig. 2 as the most probable.

INTRODUCTION.

In my previous communication (1932) the crystal of diphenyl was studied from
the rotation photographs obtained by using a Shearer tube having a copper anti-
cathode run by a 0-5 kVA transformer. The intensities of reflexions were
measured by means of a Mohl type self-registering microphotometer. Very few
reflexions were then obtained. They were made use of in determining the structure
of the diphenyl molecule.  Facilities have now been obtained to use a powerful
X-ray equipment, viz. a Hadding tube run by a 1-5 kVA transformer, and a
Weissenberg moving-film camera. Further attempt has therefore been made in
this paper to study the diphenyl crystal with the above X-ray outfit and to measure
the integrated intensities of the X-ray reflexions with the help of a highly sensitive
Zeiss photo-electric recording microphotometer. Here it is proposed to investigate
if the experimental data now available are in accord with the structure of the
diphenyl molecule proposed in my earlier communication,

PHOTOMETRY OF SPOTS AND INTENSITY-MEASUREMENT.

For the intensity-measurement, Weissenberg photographs of the diphenyl
crystal and the time-exposure sector-wheel photographs (for standardising) were
developed together in the same bath in 1 : 20 solution by parts of Rodinol in water
kept at 18°C. for 5 minutes. All the reflexions starting from the fairly intense up
to the weakest that was recorded on the Weissenberg photograph were then studied
for their intensity curves one after another with a Zeiss photo-electric recording
photometer. A fairly intense spot required at least six scannings. The intensity
curve of the standard wedge was similarly obtained but with a changed transmission
ratio so that the full length of the wedge covers one plate.

To obtain the relative intensity in some arbitrary scale the zero-intensity line
in each photograph was divided into millimetres. The ordinates of the intensity
curves for a particular spot were measured after each millimetre. Corresponding to
each such value of the ordinate of the standard wedge is noted the abscissa to which
the intensity is proportional. All these abscissas were then summed up. The sum
corresponding to each spot is consequently a relative measure of the integrated
intensity.
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For changing the relative integrated intensity to the absolute scale, powders
of diphenyl and pure aluminium were mixed together in the ratio of 4 : 1 by weight
in a mortar. The mixture is made into a paste by adding a little amount of collodion
in ether. A thin stick of the mixture is then formed. With the stick a powder
photograph was taken in a camera of diameter 17-5 cm. with copper K-radiation
filtered through a thin nickel foil. The powder stick was rotated during the exposure.
The aluminium lines were distinguished from those of the diphenyl by comparison
between the observed and calculated spacings in the two cases.

The relative intensities of the powder lines were measured exactly in the same
way as for reflexions in the Weissenberg photograph. Here also another standard
wedge photograph was taken from the same sheet of film which was used for the
powder photograph and the two were developed together.

The. identified powder lines of diphenyl and aluminiym together with their
relative integrated intensities are listed as follows:—

TasLE 1.
. . Relative
Spacing Spacing .
| Planes integrated
Substance. obszgrved ca.lic;lla.ted identified. intensity on
: arbitrary scale.
4-68 472 (002) 168
Dipheny!l { 3-89 395 (201) 126
322 3:28 (202) 148
Aluminium .. .. 2:05 2-01 (002) 494

REMARKS REGARDING THE MOST PROBABLE CONFIGURATION OF THE
DIPHENYL MOLECULE.

As the intensity-measurement of fairly high accuracy for a large number of
reflexions is now available, it would be of interest to try other configurations of
the diphenyl molecule slightly different from that proposed in my earlier com-
munication and find how far the calculated structure-factors for the various reflexions
on these altered models agree with the observed values.

With that end in view the molecular configuration of the diphenyl crystal
has been altered as follows:—

(i) by taking the C-C bond lengths in the ring to be 1-394 and that linking

the two rings to be 1-544 ; and
(ii) by taking the C-C bond lengths in the ring to be 1-424 and that linking

the two rings 1-42%, assuming the rings as coplanar in each case.

The rotation of one benzene ring with respect to the other is completely ruled
out from the space-group consideration since the diphenyl crystal belongs to Cgk
and contains only two molecules per unit cell. .

The structure-factors for the various planes are now calculated on the basis
of the above molecular configurations. The structure-factors calculated on the
molecular configuration of the diphenyl crystal as proposed in my earlier paper have
been included in column 4 of Table II for comparison, the experimental values
being given in column 3.



JAGATTARAN DHAR: STRUCTURE OF DIPHENYL. 13

Tasre II.
| STRUCTURB-FACTORS. 1 ] 1{ STRUCTURE-FACTORS.
Caleulated. : | 1 Caleulated.
‘ i : [—
For C.C . ; 3 For C-C
. ‘ in the ring : o ; -in the ring
Planes. ,\Elnlq&if;);& ' Observed., =t1};43A, " Planes, if‘sil 1‘9,?21 | Observed. i =t1h-4?A,
. a ; o a
between | I i between
the rings |, ‘ g E the rings
= 148A. ; | . = 148A.
| f | | z
| w | |
1) (2) } (3) : (4) (N | (2) (3) (4)
i i B |
{001) 0082 | 13 | 416 | (208) | 0-203 3 +17
(002) 0163 | 28 ¢ —26 . (200) | 0382 5 +3
(003) 0-245 9 T (209 o421 7 —4
(004) 0326 23 —19 @207 | o601 5 i —17
(005) 0-407 17 —11 | (208) 0-678 | $ 14
(006) 0-490 <2 +1 i (401) 0-385 | 8 Lo20
(020) 0-265 8 —6 | (402) 0417 | 5 —~0-2
(040) 0-529 7 +6 | (403) 0-461 <4 —3
(060) 0-794 | 11 {413 (408) 0-778 6 —4
(200) 018 - 13 | 420 o (60D) 0552 <17 +0°5
{400) 0-368 8 48 || (804 | 0669 <5 —12
(600) 0-554 1L 411 (®01) | 0750 <5 —4
(201) 0-209 14 —12 | (804) | 0834 | <6 -6
(202) 0-257 8 +8 (110) 0181 | 22 . 444
(203) 0-320 16 —10 (120) 0280 | 12 i —18
(204) 0-389 29 —~20 (130) 0407 | 8 I -8
(205) 0-453 4 +1 (150) 0-668 | 9 | 413
(206) 0:541 4 +10 (210) 0-227 \ 12 1
(208) 0-679 5 -9 | (410 0392 . 15 | +5
(209) 0-774 2 —4 (510) 0480 | 11 } +4
(201) 0-195 24 429 (320) 0-382 | 8 —2
(203) 0-235 1 3 —2 : ;

Although the agreement between the experimental and the calculated values of
the structure-factors is not ideal, it is evident from Table II that on an average
the experimental structure-factors conform closely to the calculated values for
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the molecular configuration proposed. This molecular configuration as shown in
Fig. 2 is stated as follows:—
(1) Each benzene ring is a flat regular hexagon.
(2) The two benzene rings of the molecule lie on the same plane.
(3) The centres of the two rings lie on the prolongation of the line joining
the C atoms 1 and 1'.
(4) The C-C distance in the benzene ring is 1-423, whereas the C-C bond

(1-1' bond) linking the two benzene rings is 1-484.

It may be recalled in this connection that the X-ray investigation by Pickett
of the crystals of terphenyl (1933) and quaterphenyl (1936)—the two higher members
of the diphenyl series, supports the linearly extended planar structure for the
diphenyl molecule as obtained by me. Further, the C-C bond in the ring, viz.
1-428, is confirmed, as also the length of the C-C bond between the two adjacent

benzene rings, viz. 1-48A. Further, the orientation of the diphenyl molecule in the
crystal cell agrees with that predicted from magnetic measurements by Krishnan
(1932).

More recently Niekerk (1943) reported the X.ray analysis of the structure of
4-4" dinitro-diphenyl by the Fourier summation method. He found that in this
compound the benzene rings are regular hexagons of side 1414 and in each

molecule they lie in a plane with 1-424 as the length of the C-C bond linking
the rings. His intensity-measurements were not sufficiently accurate and con-
sequently the Fourier projections made with those experimental data cannot be
expected to yield the finer details of this structure. So the C-C link between the

rings, as found by Niekerk to be 1-42&, is presumably a lower estimate.

Karle and Brockway (1944) studied the molecular structure of diphenyl in the
vapour state by the Electron Diffraction photographs. Although the electron
diffraction data cannot answer the question of coplanarity of the benzene rings
unequivocally, they were inclined to take the non-coplanar structure as the more
probable. In the vapour state the rings in the molecule of diphenyl may, however,
rotate about the single bond but at the same time it is quite plausible to assume
such rotation to be completely quenched in the crystalline state on account of much
restricted movement in the solid state. Attempts are being made at present to
make a Fourier synthesis of the structure in order to obtain still finer details.
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