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THE SECONDARY K-ABSORPTION SPECTRA OF SULPHUR*
By N.BAGCHI, M.Sc.
(Received for publication, February 13, 1940)
Plate II1

Absteact. The X-ray K-absorption spectrum of Sulphur shows pronounced structnre extend-
ing up to an coergy distance of 87 volts from the main edge  The spectrum obtained shows defi-
pitelv two delinite absorhing regions, and the intensily of some bands at large energy distance
from the primarv are higher than those adjacent to the main edge.  The intensitivs of the dark
and white hands do not follow anv regular sequence,

INTRODUCTTION

I'he X-ray absorption spectrum of sulphur was studied by Lindh' who
observed the influence of chemical bindings on the positions of the primary K
edges alone.  But lie did not investigate the nature of the extended se ondary
structmes of the spectrnm.  He further noticed that the positions of the primary
edge in monoclinic and rhombic varicties of sulphur were almost the same within
the limits of experimental error whereas in the case of compounds the position
depended on the valency of  sulphur. The aim of the present investigation
was to study the secondary structure of the absoiption spectrum obtained with
the various allotropic modifications of sulphur. Das® has recently found a new
allotrope of sulphur ( S. ), of which the structure is not yet fully known. It
was suspected thzt the mode of interatomic linkage inside a moleciue of sulphur
in the So lattice is different from that present in orthorhombic crystals (S,).
In the latter type of crystalline sulphur, each moleculc of sulphur contains eight
atoms in a puckered ring. Now, we know that in the case of molecules possessing
a large number of atoms, the secondary absorption spectrum does not depend
much on the state of agpregation of these molecules. For, in thesc cases the
intermolecular hinding is so very strong in comparison with that betwcen the
molectiles that the position of the encrgy levels (or allowed and forbidden cnergy
zones) remain almost unaffected by the alterations of the mode of aggregation
of the mojccules. Thus one may expect that the sulphur molecules in 5, and
S really possess different stoichiometiic structures, and this difference must also
manifest itself in the secondary absorption spectra of these allotropes. With this
idea, we took up the work which though still incomplete is being continucd
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EXPERIMENT

As the soft X-rays lying in the region of the K-absoiption spectrum of
sulphur are very much ahsorbed by air, the ellective path of the radiation in
air was reduced by evacuating the spectrograph with the help of a Cenco Megavac
Punip, and the tube was opcrated at 5 K. V. with a carrent varying from 25 to 50
milliamperes for different exposurcs which varied from 60 to 100 hours. The
crystal nsed was Caleite and was oscillated through 2° 30/ by means of a
specially devised arrangement.  The slit through which the X-rays enter the
Scighalin spectiograph from the clectron tube was 0’1 mm in breadth and was
covered hy very thin gold-heaters skin coloured red with magenta solution  In
this particular investigation the choice of the photographic films presented a
great difficulty which was, however, overcome by trial.  Several films and plates
were tried but the intensity of the absorption hands even after an exposure of
0o 1o 100 hours with a carrent as high as 30 milliamp  was not sufficient to pro-
duce a good contrast between the wliate and dark bands. Best results are obtained
with doubly-coated Agfa Sino Filims and Agfa Rontgen developer.  ‘I'he range
through which the crystal is to he oscillated for obtaining all the absorption edges
associated 1o the K-edge of sulphur (5008 X.U.) was first tested with the oscillation
arrangement by photographing Mol,S, (5041 X.U.j and Mol 3. (4910 X.11.)
on the same film.  The relerence lines, however, were taken to be 3 NiKo,a,
(4074 X.1U0.) and 2 TiKf, (5018 X.U.) emission lines.

PREPARATION Ol ABSORBING SCREEN

The preparation of the ahsorbing screen caused the greatest trouble. “The
critical absorption wavclength of sulphur lies in the neighbourhood of 5 A.1.
and the screen could not he prepared on ordinary paper or filter paper duc to the
high absorption by paper in this region of soft X-rays.. ‘The substance was
fincly powdered in a mortar and uniformly spread by rubbing the powder between
two ground glass plates when the sulphur stuck to one plate.  On reméving the
upper plate, a dilute solution of celinloid in acetome was poured over it. When
the thin film of celluloid was pu]lcd ofi on drying, a uniform laygr of sulphur
stuck to the surface of the thin film of celluloid.

Other methods werc also tried for the absorption screen of sulphur. In one
method, the sulphur was fincly powdered in a mortar and to the . })6\\rder a little
quantity of celluloid acctate solution was added. After preparation of an
emulsion, the substance was allowed to pour on a clean glass plate levelled on
a platform.  On drying the film of celluloid, coated uniformly with sulphur,
was obtained. But this method did not prove efficient as the one previously
described . :

Another method of the preparation of the absorbing scréen of sulphur is
dentical to the one first mentioned, the only difference being that instead of
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depositing them on the surface of thin films prepared by dissolving celluloid
in acctou., the deposttion was performed on a thin fiim prepared by dissolving
coilodion in a mixture of equal parts of alcohol and ether.

RESULTS

After several careful attempts with the orthorhombic variety (S,) of sulphur,
we were suecessful in obtaining one or two good absorption photographs which
showed sccondary structures extending over a large energy range on the short
wavelength side of the primary.  One of them is reproduced here (Fig. 1) where
a large number of secondary edges is clearly visible. The wavelength and
the usual values of A, AA, v/R, Av/R, & v¢/R and AV arc given in the
Table (1). The K, K,, K, refer to the white lines and a,, ay, vy, etc., denote the
black bands, the primary edge heing denoted by K.

No successful plate has yet bheen oblained with S, . In this case another
additionai difficulty is to be overcome. This is due (o the unstable nature of
Sw . If the substance is seriously disturbed by heat or any mechanical opera-
tion as powdering, it transforms rapidly to insoluble S.. So a special technique
has to be devised for the preparation of the absorbing screen of Su .

Over and abeve the usual structurces, another peculiarity is noticed in the
photographic plate. It is found thut over a certain range lying in the
neighbourbood of the main edge, the general absorption is well marked, but at
a certain point the intensity of absorption suddenly falls so that the whole range
of absorption shows two distinct regions. The fluctuation of intensity and the
gencral diltuseness of the band do not follow any regular sequence. The strong
and weak absorption edges (both black and white) are marked by Sand W in
the Table.  Ifrom measurcments, the structures extend up to 87 volts from the
primary cdge. It may be mentioned here that this is for the first time that such
an extended structure has been observed in the case of a lower element like
sulphur. ‘I'he positions of the bands were measured with a glass scale with
3 NiKe, and 2 'I'iKf3, as reference lines.

In conclusion, the author wishes to express his gratitude to Prof. IB. BB, Ray
for his valuable suggestion and able guidance and his thanks to Mr. S. R. Das
for occasional friendiy helps.
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