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-Abstract

Tn this lzeturs a2 Polarimeter for investigating volarisation
effects in X-rays 1is described., Experiments parformed to detect
optical activi Ey in quartz and cinnabar are presented. There is
evidence {although quite tenuous) that optical activity exists in
the Y¥-ray region. It is less than 24 to 3% of the rotation in
the vis}ble region but if it does exist in these subétances, the
rotatioﬁ 15 definitely in the same directinn ag that of the optical
activity in the visible reginn. Ey replacing the analyser uf this
polarimeter with exper imental crysfals it hoped to study the
mosalelty of erystals. The break-dOWn of Friedel's Lav has been
observed in cinnabar. The nossibiliiies of using two wavelensths
to solve the phase vroblem are mentloned. Tt 1s also hoved to-
look for the optical analogu; of the Borrmann effect in iridiscent

notassinmlphlorate. ' ~

‘ 1. Introduection

When @.N, Ramachandran left the Tndlan fnstiﬁute ef Selence to
occupy the Chair of Physies at-the Mﬁdras Mniversity I was asked to
taka bvef_the X-ray section which was beine planned at Bangalore.
I wa§ to start research in x—fay crfstaliogra#hy and to "look after®
the gtudents working in this fleld. T, thérefore, greatly welcome
this opportunity to speak here today. In this brief 15 minutes, I
shall present my future nlans so as to elicit comments from the

senior sclentists of the Academy present here today. I also will
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present, what I consider to be, some extremely interesting results.

- T111 nov T have been interested in optical phenomena 1like
birefringence, ontical activity, magneto-optic rotation ete. To
begin with, therefore, I am nlanning the following programme which
are really extensionz of my earlier interests - to the X-ray region,
1) Set un an X—ray nolarimeter. | |
2) Attempt to detect ontical and magneto-ontie rotafion,
in the X—ray region.'
p) Study the absorption phenomenon in X-rays and see if
it could be used for determining\the phases of X-ray
reflections. | h

4) See 1f well knovn X-ray effects like the Borrmann effect

are observable in the optical region.
;

Slide I illustrates the nolarimeter we have recently gset up.
X is the X-ray tube to which B é: #fle Brass box (lined with lead)"
is attached and which contains PE?Blarﬁiing RKCl crystal with a
ground race narallel to the (110) planeﬂyounted on a horizontal
axis, T is the £ tangent screvw by which P ean be rotated and C1
is the first collimator. S1 ig the slide with adjusting screws
by whiech the experimental erystals can be introduced into pesition
in the nolarised X-ray heam and normal to it. C is the second
collimator, S 1s the svectrometer on whose vertical axis a gonio-

meter & is mounted. A i3 the analyse;’aéain a KC1 erystal wifh-a
face ground parallel to (110}, E 1is an extension moveable arm of
the spectrometer with a nost Po to which 1s attached the Geiger
Yuller eounter GM. R 1s a rod which can couple the analyser cfystal

A and the GM counter (so that the erystal and the counter can be
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The 440 reflection (26=¢88 ) from the first crystal P consists
a monochromatic T-ray beam polarised to within 1% which goss down the
vertical axls varallel to the axis of rotation of the spectrometer.
Itlfalls on the analyser erystal whose azimnth esn be rotated. The
(440) Bragg reflection is chosen for analysis. When the analyser
(after proper adjustment) is r&tated the intensity as measured by

the counter should vary aé
. I@ = ¥ CCOS:1 ?’\ %‘\'u\%¢ COQ‘&Q]

where B 1s the Bragg angle of the 440 reflection and { is ﬁhe angle
between plgne of polarisatinn and that of the analyser. Since 263900
the formula alﬁosp roduced to .

""-IE =1 cosa¢ | |

The introduction of an exverimental quartz erystal in the polarized

beam decreasés the intensity considerably. § and A are crossed -
(apart from the background to the cOSmic-ray and other ecauses there
is a residual intensity}, since 2814s not exaetly 90 o). ‘When the
erystal is introduced this intensity drors considerably. By changing
the azimuth of the analyser ;E*Was difficult to see whether the_nosi-

tion of the minimum %43 changed or not.

The most sensitive positisn for the detection of any chenge in
intensiﬁy with azimuth ris when ¢= 45°, To get over the absorption
problem the following technique was tried. 4 quartz plates were
made, two right rotating and two left rotating. They were ground and
polished perpendicular to the ontic ax!is so that magnitude of these
rotations Iin the optical region was the same to within two minute§ of
arc 1.e. the thicknesses were same to about 0,005mm. This was also
verified with a d1al gauge. @ is set at 45° and the doublet system
Rl + R2 (which was on cne part of the slide)was introduced. The X-ray
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intens .-, as detected hy the GM counte?>dropped by about two orders
of magnituds, The number of counts was measured for a time T. The
(L1 + L2) doublet was then introduced by nushing in the slide. The
X-ray absorption (in theory) should be the same. Any change in
intensity should be due to change in the state of polarisation of the
merging X-ray beam. Al@hough the counting statiﬁtics was poor and
the high voltarpe was'not stabllised there anneafed to be anraxtremely
small change in the number of counts - but slways In the same diree-
tion, A1l 'permutatinn and cobbinations of the 4 plates taken two at

Loene nddt Oond,

a time to eliminate thickness effectﬂene could conclude (if one were
prejudiced enough in favour of optical activity in the T-razy region!)
that there was a minute rotation about two orders of magnitnde less

than the rotation in the optical region.

Since the optical activity of cinnabar 1is almost two orders of
magnitude larger than that in quartz,; a similar experiment wonlﬁ have
shovn whether ontieal activity axisted in the Y-ray region or not.

- There were some etcellent einnabar plates in Prof. 31; C.V. Raman's
collection. Unfortunatply, most of them were right rotating so the
"doublet™ experiment could not be tried. Secondly, the sbsorption
was alsc very large in HgS for CuK«, But in this case one counld

detect (by crossing) a very small change in e The rotation(if it
exists at alJ)is less than 2¢ to 3% of fhe optical rotation in the

visible region,

The conclusion one arrives at 1s that there 1s weak evidence to
show that optical activity in the X-ray region mgx-exist. The optical
activity 1s less than 27 to 3% of that in the optical region but if
it does exist it 1is in the same direction as in tﬁe optical case for

guartz and cinnabar,
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The formula for the variation in Intensity with azimuth for a

perfeect and mosaie erystals are different.

Ig(mosate) = T (005296 + sm2¢ Cos? 28)
Ig)(perfect) = I (c°§2f¢+ sin®¢ Cos 28)
one can use the polarimeter arrangement with minor modification for
regsearches 1n estimating the mosalcity of crysta;s. The experimén-
tal crystal must in that ease replace the analyser erystal and im

t.g'!_cd‘ Y
the GM counter ralsed on the nost anf ﬁitted. . —

e . .
<
. .Some expariments on absorption have alsgo been started. Since

HeS is noncentro symmetric one wished to know whether sne could
observe the violatinn of the Friedel's law (as Coster Knol and
Prins (1930) did in ZnS) Tt vas mot difficult to observe the
violation bf'Friedel's law, It seems, therefore, one can use the
idea suggested by Bijvoet that the difference in intensity between

I(hk1) and T (hkl) ean be used for phasing X-ray reflections,

"By changipﬁ the wavelength to the other side of the absorption
edge one can in theory get rid of the 1maginary vart of the atomic
form factor and reduce the absorption. However,; there should still
be a change (a decrease) in the real part of the atomic form factor
(Honl 1933). It 1s my intention to ses whether we could exploit
this change together with the breakdown of the Friedel's law to
solve the vexed nhase problem ;p X-ray erystallography.

(Lecture delivered at the 18th Annual Meeting of the Indian Academy
(1952)) '



