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Plates T A-C

ABSTRACT. Equi-intensitv lines around the (42.0), (22.0) and (40.2) reciprocal
lattice points of benzil in the differeut reciprocal lattice planes lhave been drawn from the
measurements of the intensity distribation in the different extra spots observed in the

Laune photographs of benzil  The shapes of the equi-intensity surfaces have been discussed
in the light of the thermal theories. The vbseved sorfaces agree with the resnlts of the

thermal theories.

INTRODUCTION

In previous communications, Lonsdale and Smith (rg51), Banerjce, Sen
and Khan {1945) and Sen (1947} reported a number of interesting results of
the measurements of the positions of the extra spots and streaks in the
Laue photographs of benzil. TFor a proper understanding of how far these
extra spots of benzil conform to thermal diffuse-scattering it is necessary that
the scattering domains around the reciprocal lattice points are mapped from
a study of these extra reflections. Such mappings were first carried out by
Laval (1939) who drew iso-diffusion lines or lines drawn through points
having equal diffuse scattering power around the reciprocal lattice points of
sylvine. Sincc then the scattering domains round the reeiprocal lattice
points of a number of crystals, mostly cubic, have been studied. Since benzil
is a noncubic molecular crystal, its investigation is expected to be very
interesting. Ifor determining the intensity distributions in the extra spots,
ionisation methods have been universally used by the earlier investigators.
Since a photographic method has its obvious advantages such a method has
been developed in the present investigation. ‘The mapping of equi-intensity
lines around the the reciprocal lattice points of benzil and discussing their
shapes and forms in the light of thc thermal theories of the origin of the
extra reflections have becn aimed at in this paper.

* Communicated by Prof. K. Banerjee
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EXPERIMENTS

(a). A small crystal of benzil was mounted on the axis of a cylindrical
camera with the | 0o.1] axis coinciding with the axis of the camera. Unfiltered
X.rays, from a North American Philips X-ray diffraction unit with copper
anticathode at a voltage of 45 K. V. and 15 ma, after being collimated through
a 7 cm. long slit with a cylindrical hole of about .5 mm. Qiamcter at the
parrow part, was incident on the crystal normal to the axis of the camera.
Stationary crystal photographs were then taken with the X-ray beam making
various angles with the [10.0] axis. In each of these photographs a number
of aluminium powder diffraction lines, urising out of diffiaction of X-rays
by a small amount of aluminimmn powder dusted on the crystal, wcre also
recorded. These photographs are shown in Plates I, A-C, The whole
series could not be completed with one erystal but two crystals were actually
used. Same type of film and same conditions of development were used for
all thce photograplis. The Ilaue photographs consisted of the usual Laue
spots, corresponding to the diffiaction of gencral X-radiations by the crystal
lattice, the diffuse spots and the weak streak between these diffuse spots and
comparison lines from aluminium powder.  The indices of the planes giving
rise to the diffuse spots were determined in the manmner indicated in the
previous communication by the present author (Sen, 1947).

(b) Intemsily measurcmenls. 'The intensity distribution in the diffuse
spots and streaks were measured with the help of a Moll recor'din‘g microphoto-
meter.  For spots lying on the cquatorial line, the photograpbs were mounted
on the carriage of the photometer in such u manner as to allow the scanning
spot of light (width .02 mm. and height .5 mn) to traverse through the spots
along the cquatorial line when the carriage is driven by the motor of the
instrument. In the same traversal two aluminitun powder lines were also
traversed along with the spots.  For spots lying above or helow the cquatorial
line, a traversal was given through the spots and sluminium lines parallel
to the equatorial line at a height corresponding 1o the different layer lines to
which the spots belong.  Similarly for the weak streak conunecting the (40.0)
diffuse spot with the (4r.2) diffuse spot traversals parallel to the equatorial
lines at heights of 1 mm,, 2 mm., 3 mm., etc. were given. ‘T’he potometric
curve obtained from cach of these traversals gives the galvanometer deflections
against distances traversed.  From these curves we have 1o obtain intensity
versus crystal orientation cuives.  ‘I'he ordinates of the recorded photometric
curves were thercfore converted into intensity on an arbitrary scale by
comparing them with the deflections of photomnetric curve of a calibration
wedge obtained by the method of Robinson (1933). The abscissa of the
photometric curves were converted into the corresponding  angles of
diffraction  with the help of the obhserved distance between the peaks
correspouding to the aluminium lines whose angles of diffractions are already
known. Thus from the pliotometric records, the intensity (in an Aarbitrary
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Scattering Domains Around the Reciprocal etc. 3

scale)-angle of diffraction curves for the different spots and streaks obsecrved
in different photographs were computed.

In the different photographs the total intensity of the incident beam
was not the same. ‘I'he intensities of the diffuse scattering measured from
the different photographs were brought to the same scale with the help
of the ratios of the peak intensitics of a particular aluminium line observed
in the different photographs.  The photographitaken with the incident beam
making 4°6" with the [ro.o] direction was T;*takc:n as the standard and the
maximum intensity in the (qu.o) diffuse spot pf this photograph was taken
as 10. ‘I'he relative intensities of the diffuse spots observed in all the
photographs were then computed in the mannet indicated above. FFor bringing
to the same scale the photographs taken \\'ith%diﬁ'crcnl cystals, photograph in
one idcntical position of each of the mystals%ﬁ‘;ls taken. 'The orientation in
which the incident heam makes an angle of 46" with [10 0] dircction was
taken as the standard orientation. By comput"ing the intensity distribution
ol the same diffuse spot (40.2) in these two photographs the ratio for the
conversion of the intensity of the one set to that corresponding to the other
was dermined.  ‘These intensity curves in arbitrary scale are shown in
figures 1, 2, 3 and 4.

Relative iutensity

PPN

50 54 50 54 50 51 50 54
Angle of diffraction in degrecs

a b It d

F1G. 1
Intensiiy distribution curve for the (4o.0) extra reflection observed in the photographs
taken with the incident beam making (a) 2718 (0, =61 +2°36°), (b) 3°6" (9, =0 +1°48"),
(¢) 324" 10, =06 +1°807), and (d) 4°6° (8, =8B +0°48") with [10 0] axis. I, corresponds to
the Laue reflections f1om the plane (40.4)

Representaiion on the reciprocal laitice. The reciprocal lattice of
benzil (figure 5) was constructed as usual. By taking a vector OC of length
r/A, where A is the wave-length of the radiation used (CuK.=1.54 R), in
the reciprocal lattice parallel to the incident ray such that its extremity
coincides with the origin O of the reciprocal lattice and another vector CP
equally of length 1/A parallel to the diffuse ray, one finds that the vector OP
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Fi6. 2
Intensity distribntion curve for the (40.0) extra reflection observed in the photographs
taken with the incideut biam making (a) 6° (8, =0B ~1°0'), (b) 6”20 (8, =08 —1°26) and
(c) 6°48" (8, =81 —1°54") with [10.0] axis. L represenis the Laue reflection from the (40.0)
plane.
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Fic. 3
Intensity distribution curve for the (22.0) extra reflection observed in the photographs
taken with the incident heam making (a) 20°30° (8, =0p 0°36"). (—b) 21°6" (6. =68 —0°20"),
(€) 220°18" (0, =61 +0°52") and (d) 22°4%" (#==01 +1°23") with [10.0] axis. L represents the
Laue reflectiont from (22 o) plane. Al represents the aluminium (200) diffraction line.
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Intensity disiribution curve for the (40.2) extra reflection observed in the

photographs with the

incident beam making (d) 0°50', (b) 1°24° (¢) 2°18, (d) 4°6 and (6) 5"10" with [10.0] axis. L represents
the Laue reflection from (40.2) plane,
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22.0 3'7._0 1'3,0
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I'1G. 5

A section of the rcciprocal lattice of benzil normal to |oo 1| axis, which 1s also the by

reciprocal latlice axis. — reciprocal lattice axes ..crystal lattice axes ', Q. R. are the poles
corresponding Lo angles of diffraction 49°, 50° and 51° respectivelv

(figure 5) is the reciprocal lattice vector responsible tor the diffusion m the
direction under consideration. The vector O is called the ‘vector of
diffusion’ and P is is the ‘pole of diffusion’. The selective Bragg reflection
takes place when the pole of diffusion P coincides with any node M. A
section of the reciprocal lattice of benzil normal to the [vo.1] axis and the
corresponding crystal lattice is shown in figure 5. In order to draw equi-
scattering surfaces (i.e. surfaces having equal intemsity of scattering), the
‘poles of diffusion’, corresponding to the different points of obscrvations in
the diffuse spots, were plotted in the reciprocal lattice. From the considera-
tions laid down above it is clear that the plotting of the ‘poles of diffusion’
is carried on by drawing a circle of radius 1/A with centre C through the
origin O (CO being the direction of the incident X-ray beam) and then
drawing another line CP making with CO, thc observed angle of diffusion
corresponding to a point in the diffuse spot, when the point P, where CP
meets the circle, gives the ‘pole’ corresponding to the point of observation
considered. Some of the ‘poles of diffusion’, corresponding to different
points in the (40.0) diffuse spot observed in the photograph with the incident
beam making 4°6° with [ro.0] axis, are shown in figure 5. At the various
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poles of diffusion ‘thus plotted, the values of the relative intensities ubserved
at the corresponding points of the relative intensity curves, were then noted.
It must be noted here thatl relative intensity values are the values obtained
by subtracting the intensity of the background from the total intensity
observed at those points. Again, since the same scanning spot of light was
used for the photometry of all the spots, the solid angle over which the
observation is muade is different for the different spots.  For if ds be the arca
of the scanning spot of light used in potometry and ds/R be the radius of the
amera used, then ds/R* is the solid angle over which the intensity has been
measurced in the case of spots lying on the equatorial line, whereas for the
spots lying above ot helow the equatorial line this solid angle is
ds cos p ds cos’p

(R] AT , where p is the vertical angular coordinate corres-
v /cos p)” \

ponding to the layer lines to which the spot belongs.  The intensities
of the spots lying on different laser lines above or below the equatorial

220

Fi1G. 6

Eyui-intensity lines arcund the (jo.0) and (Ceo) reciprocal Iattice poirts in {(he plane

normal to the by axis.
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a b
Fia. 7
(@) Hquiintensity  tines around the f40.2) reciprocal lattice point in the planc per-
pendicular to the [oo.1] axis,

{b) Bqui-intensity lines around (4n.0) reciprocal lattice point in the by by plane
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line were, thercfore, divided by the factor cos's in order to convert it to
the intensities corresponding to the solid angle of observation used in the
intensity measurcment for the spots on the cquatorial line. Iior the (jo.2)
spot the relative intensity values corrected in the above manner were plotted
in {he reciprocal lattice. Lines were then drawn through points having
cqual  values of the relative intensitics  plotted.  “Thus eqtti-scattering
surfaces around the different reeciprocal lattige poinmts were obtained. In
figure o are shown the sections of the cqui-seattering surfaces around the
(40.0) and (22.¢) reciprocal 1dtice points by a plane normal to the [oo.1]
axis. A scction of the scatterimg dowam around the (jo.0) reciprocal lattice

point by the b.b, 1eciprocal lattice plant is shown in figure 7.

DISCIUSSTION O RESULTS

The shapes of the cqui-scattering iines in the plane parallel to b b,
around the rcciprocal lattice points (jo.o), and (2:.0) are more or  less
clliptical with the major axis along the normal to the reciprocal lattice vector
T'his indicates that the amplitudes of vibration duac to the transverse waves
are much larger than those due to the lougitudinal waves. In the case of
NaCl, KCI, Al also it has heen observed that the thermal diffuse seattering
due to transverse waves are more itense than that due to longitudinal
waves,  Again, the stiong regions of  cqui-scattering  lines around  the
reciprocal lattice points in ihie plane normal to [oo.1] axis are more or less
symmetiical about the reciprocal lattice vector aud its normal.  The section
of the cqui-scattering surface atound the (jo.o) reciprocal lattice point by

the D,b, plane shows that the strong scattering regions are more or less

clliptical in shape but they are not symmetrical about the b, axis and b,b,
plane. These features of the scattering domains around the  reciprocal
lattice points can be qgualitatively explaimned on the thermal theories of
d«ffuse secattering (Born, 192-43, Zachariasen, 10j0). According to these
theories, the intensity of scattermng /, corresponding to a point near the
reciptocal lattice points is given by the relation,

1,=I.NKT. F*.d(g)/m,

c? (1t cos” ¢ .
where I, = I,,{ , ) — 2 = Thomson factor.
nectr 2

N =no. of cells in the crystal

K =Boltzmann constant

T ="Tcemperature

m =, where m; is the mass of the kth atom of the cell
F=Crystal structure factor of the plane in question
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d(g)=2Du' (995"
D.s~ g} =adj,ﬂb(;1)/det D(g)

Cii Coo Cow Cus Css Cie g’

| Cow Con Cat Ca Cs Cos 2.
pDIgi = | Css Cas Ca Cas Cus Chs 2.
Cor Cas Can MCan#C) MO+ Ca) HCor+Cis) || 20085

Coi Cos Coo HCu+Cog) HCo+Cs) HCap+Cly) 28:4,

Cro Con Cor 3751+ Ca) BCou+Cra) -’z(C,,+C.,.i)_— 20,0,

d is the vector joining the reciprocal lattice point to the point of observation.
g, qu™ are the components of the reciprocal lattice vector along and

normal to the b, axis.
C.g are the elastic constants. p is the density.
For hexagonal crystals of Dy class to which the present crystal belongs, the

determinant pD (g) reduces to

— —

Cii Coo Cug Cis o o} | ql*
Cos Cnn Cos —Cyy o 0 2.’
PD(q—) = (.‘“ C“ CN ) 0 0 fo) q';z
Cu - (‘u 4] %(C;s + C“) 0 4 23211_;
°© o 0 o (Cyu+ C c - —
3Cy, 13) 14 2434,
o o o v Cie 3(Ci3+ Coe) za’lq:
where,

PD1{g)= €11 0,° + Cosa® + Cuagy? + 2C 100,05 ?‘-

PD.a(q) = Coes® + C138:° + Cuas® - 2C1uqaq, |

PDrsf@) =Cua(gi® + g2%) + Cop* | (1)
D= =3 + Con Coti, I
PDu(@) = (Cuct Coo)tuds + 2Cratsdy J

pD,4(q) = 2C1,gsqs + (Cyq+ Cos) 014,
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For (ho.o) planes, for points lying in the plane normal to [oo.1] axis and
along the normal to the reciprocal lattice vector, g,=0, q,=ocand g =a=, then

equation (1) reduces to,

P, 1(‘}_) = Ceeqé; PD22(‘1-) = (—.11‘;"; Ppaa(“;)= Cu‘_lz

pD;(q) = - C, 0%, PD:u(é) =0, PD',lz(“‘I) =0

det N(g) = Z CoslC1,Cay = C14%)

S L

4
and adjD,,(q)= :1 (CiiCri— 1)

va mepe e e

: 1
q"' Cga )
IFor the (40 o) reciprocal point, thercfore,

dlqy=D7] (g™

P I rhe
cf Caq
where, ¢/ is cqual to the reciprocal lattice vector and g is the distance of
the point of observation, lying on the normal to ¢, from the reciprocal lattice
point. It 1s obscrved, therefore, that since ¢° is involved in the expression
for the intensity, the intensity will be practically the same so long as
;1 remains the same in magnitude no matter whether the point of observation
lies on one side or the other. It must be mmentioned here, however, that
the intesity will vary very slightly for the very small difference in the
corresponding angles of diffraction. Similarly it can be shown that for all
points lying on the plane normal to [oo.r axis] the intensity depends on
1;2, that is to say the intensity depends on the magnitude of71 and not on its
sign except for the small difference in angle of diffraction. ‘Thus it is found
that according to the thermal thicories, the section of the scatiering surface
around (40.0) by the ”blb_, plane will be practically symmetrical about _b_;
axis and the normal to it. This is in agreement with the observations.
Again, for points lying in the 772773 plane but not falling on E, or 1-7-3

none of the values of é—,, g, and :j;;, are zero, so in this case, the expressions
for D,,G), Dzz(é_), D,,('l}) etc., will be those given by equation (1). For the
b,b, plane through (40 o) reciprocal latticc point, the expression for d(q) is

given by, d{g) =D7}19)g'™?, since g¢,™ and g," are zero.

= ,.I.)_’A’2(q)Das(q) '_"Dg2(9)

Diila) det Dig)

2—1832P—1
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. d(q’=ng(q)paq{?})"1)—%q (Q) q(h)
i det .’)(q)

Now, in the cxpression for D,,(¢q) thereisa term —2C,,9. ;. ence
D.,[q) will have different values for the positive and mnegative values of 71:
having the same magnitude. So d{(q) and conscquently the intensity of
scattering corresponding to points in b, b, plane at equal distances from the

(40.0) reciprocal lattice point on the two sides of the b, b, plane will have
different values. ‘I'hc scattering surface will not therefore be symmetrical

about the b, b, plane. ‘I'he present observations are therefore quite in
agieement with the theory.  Quantitative comparison cannot be carried on
as the elastic constants arc not known  However, from the above considera-
tions it is clear that so far as thce strong diffuse scatterings are concerned
the intensity distribution is in general agreement with the thermal theories.
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