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THE EFFECT OF COLLISIONS ON THE CONTINUOUS
ABSORPTION SPECTRA
By A. K. DUTTA axp AMALENDU ROY

(Received for publication, Sept. 107

ABSTRACT Continuous absorption spectra of polar miolecules have been found o shnft
towards longer wavelength ty o collisions with both polar and non-polar gases. The change
in absorption co-ctficient is found G dcpend on the numlar of collisions sufiered by a
mlecule with the foreign gas and waaches a masimum value with a definite proportion of
the abs nhing gas and forcign was, fvrespeetive of the polavite ot the foreign gas With
inert foreign gas it appears that there is a sott of sereenmg giving vive toa decroase in Uhe
absorption ¢o-ctticient value after the maximunm is 1cached.

INTRODUCTION

It s aceepted now, that molecules with wtomie binding, break up on
dissociation mto two ncutral atoms—one norma: and the  other  excited,
wherets those with onic inding into two neutral atoms bhoth of whicl are
normal. Loe encrgies of dissociation in the two cases aie thus, different andd
cousctquently  the begmmning ol absoption aiso (IFrank, 1¢27)

Some wotk
on the absorption iimit of the hydiogen hahdes has hoen done

to decide its
type of binding. Some decision was in favowr  of the atomic type. Dutla
(1g32) concluded  on his investigations. that they corresponded  to
bhinding.

onic

I these works the effect on the absorption speetta due to collisions and
imtermolecular fields could not he dotected s it was obsarved by Goodev
and Taylor, the Beer's law holds tor these cases  This teuds to indicate
that the pressute or the collistons have not sot any cflect on the probability
of tansition of the molecules. The hydrooen-hialide molecules beie polar,
exnett strong autetimolecular ddectiie wliucnees en oone another and  at s
probable that the cnergy levels in the molecules are, in some way, moditicd
from absolutely free molecules. “I'he spoetra which we eencrally  observe, are
thus, not cxpected to be those of pure unaffected  cascous molecules, but
should be due to molectues undar vatous amount of intermorccular forees
yanging from zeto to a maximum.  To kuow the absorption Limit of unalfceted
eas molecules accurately and licreby to predict the type of bindme we
must know the quality and the quantity of thns moditication. It is with this
pomt in view that the experiment had been undertahen.

ENPERIMENTAOL

The absorption spectrum studied  was that of HI and CCly molecules.,
I'he total nuber of collisions suffered by a molecule was increased by adding
a forcign gas. This, however. keeps the total number of collisions with
similar molccules the same.  But cach molecule has suffered. besides, a
number of collisions with the foreign vas introduced. according to its quantity.
If the foreign gas has no absorption in the region studied, we can study only
the effect of increased collisions on a molecule, some of which are with
foreign polar and some with non-polar gases. ‘Lhese experiments have been
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carried out both with a polar (HI} and a non-polar (CCly) gascous substance,
which primarily show a continuous absorption spectium. The foreign gases
selected were HCI pas as polar and argon as non-polar—nonc of which has any
ahsorption in the regions where those of HI and CCly begin.

HI gas was prepared by the action of distilled water on a mixture of
4 gms. of red phosphorus and 20 gms. of jodine crystals. ‘lhe gas was
purificd by passing through glass beads with moist red phosphorus and a
U-tube containing fused calcium chloride.

The vapour pressure of CCl, waus sufficient for the purpose. HCI gas
was prepared by the ordinary method of adding conc. HoSO4 on pure sodium
chloride. Argon was taken from a storage cylinder. Different initial pres-
sures of 1 cm., 2 cm. and 4 cm. of the absorbing gases were taken and
increasing amounts of forcign gas added from time to time. After cach
addition photographs were taken of the absorption spectrum. The spectro-
graph used was an Iéy spectrograph with high dispersion.

Intensity measurcments were cattied out by means of a Zeiss photo-
electric recording photometer and absorption co-efficients caleulated.  The
spot of Light of the photometer was allowed to run along the breadth of the
different spectra along a particular wavelength.  ‘The absorption co-efficients
at that particular wavelength were determined for the various spectra, cach of
which was modified to a different amount due to the presence of various
amounts of foreign gases.
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RESULTS AND DISCUSSION
In the figurc Pg is the pressuic of the absorbing gas and P that of the foreign
gas, so that P,/Py denotes the ratio of the foreign gas quantity to the absorh-
ing gas quantity.
It would be observed from the graph that in the case of mixtures of both
HJ and argon, and HI and HCI, the absorption co-efficient o« iucreases
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with Py : Py value i.c., as the amount of the foreign gas is increased.  One
must remember here that the quantity of the absorbing was is always the same
along any onc graph. To say that the absorption co-cfficicnt increases at a
particular wavelenyth is the same as saying that the absorption limit shifts
towards the lonzer wavelength side.  So the experimental results show (vide
introduction that collisions or electric field help in dissociation and give the
amount of change suffered.

We find that with HI, the maximum with argon mixture or the satura-
tion point with HCI mixturc occurs at values of D¢/, cqual to 30, 15and 7
when Py ods equal to 1, 2 and 4 ems.  This means that the maximum or the
saturation point occurs at the partiul pressuie of the foreign gas cqual to
30 cms. without any rcgard to the quantity of the initial gas present. It
means that the number of collisions suffered by once absorbing gas molecule
with the foreign gas molecules is a fixed quantity to give the maximum or
the saturation point, no matter what the initial absorbing gas or the nature
of the colliding partners may be. The total change in the absorption spectra
which is determined by the perturbation suffered in the encrgy levels of a
molecule is a quantity which is thus mainly determined by the number of
collisions per sec, of cach molecule with the foreign molecules.  The maximum
change in the absorption co-cfficient in the case of the mixture HI and HCI
is, however, greater than that in the case of the mixture of HI and argon.
This is due to the fact that HCl is polar and argon is non-polar. One HCI
molecule can, at the timc of collision, disturb to a greater extent, the
molecular equilibrium, duc to its cxtra facility of possessing an electric
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moment. We have further, observed that the PP;/Pg curve becomes more
and more steep as the pressure of the absorbing gas is decreased. For
example, we have obtained for HT+ HCl mixtuie that with P /Py=1, thc
change in o«-value {from that when PPy Py=o0) hecomes equal to 800 X 107°
units for Py=1 cn., 300 x 107" units for P’g=2 cms. and 100 x 107" units for
Py=4 cms. Thus the observed change in the absorption co-cflicient for 1 cm.
gas pressure is about double the change in absorption co-cfficient for 2 cms.
gas pressure (Figs. 1 and 2)  Considering the fact that the absorption co-effici-
ent or their changes have been obtained [rom the relation log T—log I, =& a.l’y,
we see that the change in « has also heen obtained unde: the implied condition
of division hy Py. Hence the total change introduced in the absorption co-effi-
cient duc to molecule tend to 1emain of the same value It means that the
molecular effect on the change of absorption co cfficient is not very widely
variable with initial gas pressure. We have also to note here the peculiar
chatacteristic of a maxinium for ‘& " with argon as foreign gas on YI. An
HI molecule under collision with another HI molecule will be more mfluenced
as compared to the case when under a collision with an argon molecule
{due to polar maturc of HI'. ‘The result indicates that due to large number
of HI-argon collisions, somc of the HI-HI collisions tend to become
somchow ineffective and thus to decrease the absorption co-efficient value.
The exact mechanism, however, cannot be cleaily seen at present, for it goes
apainst the principle of the kinetic theory.  Lastly, considering the case of
Hl-atgon with the hypothetical casc of HI-HI, we note that if argon and
TIC1, by their collision, change the absorption co-efficient value, 111-HI
collisions would also tend to change the « value. It us consider that in
2 cms. of HI eas, 1 em. acts as the absorbing matetial and the remaining
1 ecm only as colliding molecule, as with the cases consideied in the present
set of investications. Since with 1 em. HI and 1 cm. of any colllding gas
like argon or ICl, the « valuc suffers a change from, say, 1200 X 107" units
to about 1800 X 1077 units, we should expeet a value of the same order with
HI colliding molecules also  But due to Beer’s Jaw, the total change in

g-value must be from 1200% 1077 to 2400 X 107’ units, so that we get that in
the case of the pure gas iike HI, a fairly laige percentage of the absorption
is due to collisional processes. Perhaps on a more detailed study, one can
analyse the different contributing causes of Becr’s law more quantitatively.
Results indicated that HCI has no effect on the absorption spectrum  of
CCl,. Such results have also been observed by Harding (1936) and Schneider
(1937) in the case of 15 and Oy which are also non-polar as CCl,.
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