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COLOUR CENTRES IN PENTAHYDRATE CRYSTAL
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ABSTRACT. Tt has boen observed that pentahydrate crystals of sodium thiosulphate
develop & yellow coloration after a fow hours of irradiation by X-rays. Spectrophotometrio
analysis revealed that the coloured crystal has an absorption maxima at about 400 mu.,
Even when kept m darkness, the orystal loses 1ts coloration al a rate depending on the
temperature. For example, at —5°C the eolour persists for about 15 days without any
appreciable blenching and at 29°C it persists for 36 hours with a lot of bleaching.

The mduced coloration disappears rapidly when the cryatal 18 exposed o monochro-
matic radiation of a wave-length lying in the region of its absorption band. A new absorp-
tion band at about 1000 mp 18 developed after bleaching of the erystal in completé darknoss,
whereas two new ahsorption bands, ono at 1000 mp and the other at about 580 my, the ¥
band, appear after bleaching the coloured crystal hy light of n wave-length lying in its
X-ray mdueed abosrption band.

INTRODUCTION

The study of the physical propertics of crystals, which have been coloured
either by exposure to X-rays, or cathode rays or by stoichiometric excess of tho
alkali metals, occupies an interesting place in the solid state physics. It appears
that the coloration of crystals of alkali halides by cathode ray bombardment
and subsequently by X-ray irradiation, was first observed by Goldstein (1896).
Pohl (1937, 1938) gave the name of F band to the ahsorption band in tho visible
rogion developed in these crystals and ascribed the absorption to the production
of absorbing centres in the crystals, which they called F centres (from the German
word Farbzentren or colour centres).

Molnar (Seitz, 1946) observed that the coloration produced tends to a satura-
tion value depending on temperature, the nature of the crystal and the intensity
of the X-ray beam and that besides the F band, a new absorption band (called
the V band) on the ultra-violet side of the F band and another (called the M band)
on its infra red side are also produced by X-ray irradiation.

The F band is also induced in alkali halide crystals when they are heated in
an atmosphere of the alkali metal vapour and then cooled rapidly to room tem-
perature (i.e., quenched). If instead of quenching, the crystal is cooled slowly
after hoating, an additional absorption band is observed and this is probably due
to the formation of ocolloidal aggregates of the excess alkali metal (Hirschlaff,

666


https://core.ac.uk/display/93518366?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

Colour Centres in Pentahydrate Crystal, etc. 567

1938). This additional absorption band lies between 350—600 mg in NaCl
depending on the size of the colloidal aggregates, the wavelength of the peak
of the absorption band mereasing with the size of tho colloidal aggregatos. The
crystal appears blue by transmitted light.

Besides the coloration of alkali halides, the coloration of & few other crystals
like that of chrome-alum (Braun, Many and Simchen, 1954), BaF, and CaF,
(Smakula, 1950), etc. by X-ray wradiation, has been observed and studied. Tt
appears that no previous workor lLas stucied the coloration cffocts in sodinm
thiosulphate crystals by X-ray wrraciation and therefors the present investigation
has undertaken to study this phenomenon.
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EXPERIMENTAL

Pontahydrate crystals of sodium thiosulphate were prepared in the laboratory
from saturated solutions of Merck's sample of the salt in distilled water. The
single transparcnt crystal was cut to the suitable size (2.0 cm X 1 em X0.5 cm)
so a8 to fit in the cell holder of the Beckmann’s Du model spectrophotometer.
The transmittance of the unexposed and uncoloured crystal was first measured
in the wavelength region 200 mg to 2000 mg Figuie 1 shows the plot of the
absorption of the crystal calculated from the measurved transmittances.

The crystal was then irradiated for about 5 hours at room temnperaturo
(about 20°C) by unfiltered radiation of a copper target emerging through a beryl-
lium window, the tube current being 8 mA at 50 KV

The crystal developed a
yellow coloration

Its transmittances for different wavolengths were measured
immediately after completion of nradiation and Curve 1 of figure 2 shows 1ts
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absoiption calculated from the transmittance data. Curves 2 and 3 of figure
2 show its absorption in different wavelength regions observed after the crystal
had been in dark at room temperature for five days and 54 days respoctively.
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1t has also been found that the coloured orystal can be bleached by irradiation
by & light of wavelength in the region of its absorption band. A second orystal
was coloured by X-ray irradiation and its absorption curve (curve 1 of figure
3) was obtained immediately afterwards. The coloured crystal was then irradiated
by light of tho wavelength in the absorption band (i.c., 405 my) for about 7 hours
by placing it in the monochromated beamn of 405 mu in the DU model of Beckmann
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spectrophotometer. Table I is the observation for such irradiation. Curve 2 of
figure 3 shows the extent of bleaching effected by oxposure to light of wuvelength
in the region of 1ts absorption bund. The crystal was then left in dark at room
temperature for 156 days more and Curve 3 of figuro 3 shows 1ts absorption after
this period.
DISCUSSION OF RESULTR

It is clear from figure 1 that unoxposed, colourless and transparent single
crystals of sodium thiosulphate have negligible absorption in the region 300 mpu
to 2000 mg and perhaps beyond 2000 my also. After irradiation by X-ray the
crystal is coloured and this coloration is due to an absorption band at about
400 my. From Curve 1 of figure 2 there is an indication of the presence of another
band beyond 2000 mu. Measurement could not he extended beyond 2000 myu on
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aoccount of the non-availability of an infra red spectrophotometer. - -I shall call
the absorption band at 400 my as the F band and that beyond 2000 myu as the
M band corresponding to the F and M bands developed in alkali halide crystals.
The mechanism of the production of the colour centres responsible for these
absorption bands are probably the same as that for alkali halide orystals, namely,
the trapping of electrons and holes produced by energetio phioto-electrons released
by the impact of X-ray photons.

Curve 2 of figure 2 shows that the F and M centres aro not stable but decay
with time even in complete darkness probably due to thermal impaots. Those
curves also show that while F and M bands are bleached almost completely, a
new abgorption band appears at ahout 1000 mu. This is most likely due to the
gradual drifting of the trapped eloctrons in the F and M centres to centres of
greater stability.

Curve 3 of figure 2 shows that after 54 days the F and M bands gre almost
completely bleached while the band at 1000 mg still persists togethet with tho
formation of a band at about 460 mg which may be ascribed either to the formation
of colloidal aggregates during the process of bleaching or to the drifting of the
trapped eloctrons to centres of groater stability, After tho above provedg of solf-
bleaching, the crystal still retains a faint bluish tinge.

Curve 1 of figuro 3 is the absorption curve of anothor crystal ol sodium
thiosulphate coloured by X-ray wradiation. The crystal was then irradiated with
light of wavelength 405 mp, and the rosulting decrease in ity absorption is given
in Table I. The increase in per cont transmittancve with time has been plotted
in figure 4. It is seen that in this case wlso the F and M bands are bleached just
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as when the coloured crystal is left in darkness for a long tune; but in the present
oase the bleaching time is much smaller  In this case also a new band at 1000 mu
and another at 580 mu appear after bleaching. I shall call for the present the
band at 580 my, the ¥’ band, This F' band lasts for a much longer time when
the orystal is left in darkness.

The number of I' centres per c.c. formod in the crystal ns & vesult of X-ray
irradiation was caleulated from the equation (Pohl, 1937)

P n
Ny =-131 x 107 oLy Kpex H. RN
Where, N, is the number of colour centres per umit volume.
Ny s ,, refractive indox of the crystal — 1.5
Kopao 5 ,» absorplion constant for the band maxima in em-2

H ,» half width of the band in ev

The values of the number of tho colour centres per c.c. present in the orystal at
various stagos have beon calculated and are given m tabular form in Table II.

The pentahydrate crystal of sodium thiosulphate, Na,S,0,-+5H,0, has
a complex structure while tho alkali halide orystals have relatively much simplor
structure. Further studies on other physical propertios associated with the
formation of colonr centres by X-ray irradiation, are nocessary hefore venturing
to oxplain all the observations roported above.

TABLE T
Time (hours) 9/, Transmission  Absorbance
0 24.4 613
1 26.6 #5675

Dark mterval for 194 houra

204 41.6 .381
212 42.4 2378
213 4.8 _ - .309
221 43.2 .364
234 43.8 .368
24 4.3 .954

Dark interval for 22 hours
463 52.2 .282
48 52.7 .278
483 62.9 .278
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TABLE II
Fig. Curve Kmax H N,
1 7.70 1.01 84.5x 1016
2 2 2.21 41 9.85x
3 1.67 .12 2.20x ,,
1 3.05 .68 19.57 x 1010
3 2 1.20 .16 2.07x
3 .92 0 ox
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