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"SOME STUDIES in +tne INFRA-RED REGION

of the SPECTRUM."

A THESIS

BEING AN ACCOUNT of RESEARCH WORK carried
out under the Direction of Professor J. E.
P. Wagstaff, D.Sc., at Durham University
Science Laboratories during the period
October, 1931 - October, 1933, and
submitted by
WILLIAM G. WEARMOUTH of University College,
in Candidature for the degree of Doctor of

Philosophy.
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sensitised plates. The results though interesting are
somewhat lacking in definition, and the information ob-
tained from them is not of much help in the elucidation
of the molecular structure.

V. B8ince the publication of the results of Coblentz,
a great deal of work has been carried out by other investiga-
tors, and several references to their work are made in this
thesis. It would be improcticdble, in a thesis of this nature,
to give a full historical account of all results obtained
and the many linee of attack used by previous investigators.
Mention, however, is now made of a paper published by Sir
R. Robertsoni® and his collaborators entitled,"Infra-Red
Absorption Spectra of Ammonia, Phosphene, and Arsine." 1In
this paper Sir R. Robertson gives a description of the
necessary precautions which must be taken t0 ensure accurate
results; and he stresses the difficulties which are
encountered if these precautions are not takeu. The pre-
cautions are :- the necessity for ensuring a constant
source of radiation, the need for taking strict account of
the temperature of the prism - since its refractive index
changes with temperature - securing a highly sensitive
thermopile and galvanometer, and the frequent calibration
of the assembled instrument against standard lines in the
spectrum.

VI. Drude11 has attempted to give a theoretical
interpretation to the formation of absorption bands in the
infra-red. By working on the dispersion formula of various
crystals, and the conception of vibrating charged particles,
he has shown that when a band occurs in the ultra violet there

must be a corresponding one in the infra-red. It is known

that the bands in the ultra~violet are due to electrons, and
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The theoretical interpretation of the bands found
in the case of liquids and solids is not so easy but a
little work on thies subject has been done by Kratzer.

VIII. It is of interest to record in this brief
introduction that no bands have ever been found for the
gases Hydrogen, Oxygen, Chlorine, Bromine and for Iodine
in the infra-red. The atoms in these molecules are sup-
posed to be absolutely identical, and it is assumed that
there is no electric moment between them nor deformation,
and consequently no absorption due to them is found in the
infra-red.

IX. In the following pages an account is given of
some work carried out in order to set up a Spectrometer
arrangement for the accurate analysis of infra-red absorp-
tion bands of solids, liquids and gases. A fair account
of the work must be divided in five sections :-

(a) Introduction and gemeral description of
apparatus; ’

(b) Investigation of possible errors in the
spectrometer, and the study of solids;

(c) Observations on gases;
(d) Study of Liquids;
(e) Conclusions and bibliography.

X. The chapter dealing with the apparatus gives a
full description of the spectrometer arrangement; the
sources of infra-red radiation; the thermopile and re-
cording apparatus. The types of absorption cell used for
gases and for liquide are also amply described; and the
apparatus used for preparing pure nitric oxide has been
diagrammatically represented.

XI. A complete study was made of the possible

errors in the calibration of the spectrometer, a detailed
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was noticed in the increased galvanometer deflections for
arrangement No. 2. Where this arrangement was fully
tested, the results obtained confirmed those previously
derived by method 1.

IV. The whole apparatus, with the exception of the
galvanometer, was set up on a stout table; plywood cases,
lined with asbestos, were puilt round the Nernst filament,
the spectrometer, the observation cells and thermopile.
The positions of these covers are marked out with dotted
lines on the diagram of the apparatus (Figs. 1 and 2).

The openings in the cases, through which the radiations
passed from one section to another, were as small as
possible to eliminate any stray radiation; a small pulley
and belt arrangement was fixed up for rotating the wave-
length drum and prism table, the drum graduations belng
read by means of a telescope. Through the top of the
spectrometer case a thermometer was fixed, so that the
prism temperature could be measured at intervals during

the experiments. By means of two small heating lamps,

the temperature of the cases was maintained slightly higher
than that of the room, in order to prevent any deposit of
water forming on the surfaces of the rock-salt prism and
end plates of the observation cells. A small shutter
arrangement was placed in the opening in front of the
collimator slit of the spectrometer. By raising or lower-
ing this shutter the radiation could be cut off from the
thermopile when desired.

V. All the focussing mirrors external to the
spectrometer were of the silver-on-glass type, and were
mounted on heavy lead cones fitted with adjusting devices.
They were so chosen that the image of the filament just

covered the entrance slit of the spectrometer, and the
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collimator mirror was fully covered with radiation. Under
these conditions the maximum amount of energy fell on the
exit slit of the spectrometer. Chromium-plated brass
mirrors were tried, but these proved most unsatisfactory.
VI. Two sources of Infra-red radiation were tried:

(a) N:rnst filaments supplied by A. Hilger,
Ltd.;

(b) Globar elements made from fused bars
of carborundum.

The Nernst filaments were found to be very
satisfactory; they were operated from the D. C. supply of
150 volts and had a current consumption of approximately
0.5 amps. The main laboratory batteries were used for
this supply, and the majority of the work had to be done
after all the other users of the battery had left the
building. Even so, slight fluctuations in the filament
current were noticed during a series of observations, 80
the potentiometer device (P), mentioned by 8ir R. Robertsonls,
was installed, 8 a very fine control over the filament current
being thus ensured. A diagram of this potentiometer
device is given in Fig. 11. The Nernsti filament was mounted
on a lead cone fitted with adjustment devices all fully
desoribed by Sir R. Robertson in his paper. The periods
during which the filaments were operated were measured, the
average life of a filament according to these observations
being about 200 hours. In general, however, the filaments
were replaced before these latter stages were reached, as
it proved very difficult to control the filament current
during the final period. The Globar elements gave a fair
emission up to 10.0 «, but they required a very high

current, of the order of 10.0 amps, and the heat given off
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was fixed by an ebonite rod to an adjustable metal
carriage; by means of this carriage the position of the
thermopile could be altered at will. To ensure further
freedom from galvanometer "zero drift", the thermopile
container was completely surrounded with asbestos and
cotton wool lagging together with highly polished metal
shields.

(c) Holder No. 2 was designed to be of much
smaller dimensions. It had a lower thermal capacity than
No. 1 and was arranged 8o that it could be fixed to the
spectrometer immediately behind the thermopile slit, in
place of the open type container provided by the makers
of the spectrometer. The holder was used in this manner
in the experimental arrangement No. 2. A diagram of the
holder (not drawn to scale) is shown in Fig. 5. The rock-
salt window R was waxed in position and a glass observa-
tion window was situated at W. A projection was left on
the brass container and threaded as shown, so that the
eyepiece and "screw on" brass cover, originally supplied
by the makers for the old type of container, could be
gscrewed into position. The thermopile was slipped into
position, and the container sezled off by a rubber washer
and brass plate arrangement. A little vacuum wax was
applied to parts where leaks appeared. Better thermal
shielding was possible with this type of holder, the de-
crease in galvanometer zero drift being very noticeable.

VIII. For the work on gases two types of absorption
cell were used :-

(a) Brass tubes fitted with side tubes
for evacuation purposes;

(b) vAll glass" tubes, also fitted with
glass @&ide tubes.
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exact compensation between the two tubes when both were
evacuated. The precautions outlined by Sir R.

Robertson15

were observed, but before complete compensa-
tion could be obtained, the carriage had to be re~con-
structed and modified, so that either of the tubes could
be easily displaced relative to the other; the supports
for the tubes had also to be strengthened, as it was found
that these were slightly displaced when the carriage was
rotated. A biief description of the modified carriage
illustrated in Fig. 7 is given below :-

Two circular end plates of $" brass were machined
and bolted together by three long stout steel rods. Two
strong V-shaped rests were bolted in corresponding
positions on each end-plate; the observation tubes rested
in these, and levelling screws 8, were fixed in the sides
of the Vs, in order to give the required tilting adjustment
to the tubes. A fourth steel bar was fixed between the
centres of the two brass end-plates, to act as an axle for
the carriage. A support, fitted with two bearings to
correspond with the ends of the axle, was arranged; also
two fixed brass arms, to serve as stops, were screwed to
one of the brass end-plates. On one side of the support
was a brass bar fitted with two adjustable screws to
register against the stops mentioned previously. A small
spring arrangement was also attached to the support, to
keep the rocking portion of the carriage fixed when set in
any one position. When the carriage was properly adjusted
the tubes could be brought in turn to one common position,

and complete compensation was found between the two tubes.
X. For work on solids, a metal slider arrangement

was devised whereby the specimen could be placed "in" or
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"out" of the path of the radiation. For the "out" posi-
tion, where nothing but absorption by the atmosphere is
taking place, an adjustable stop was provided so that the
two galvanometer deflections could be arranged to be of

the same order for the "in" and "out" positions if
necessary. This arrangement, which ihcreases the accuracy
of the experimental method, was only used for regions of
very intense absorption.

XI. A celll? for observation work on liquids was
designed and constructed; it is shown in detail in Fig. 9.
It was turned out from specially selected steel rod, & the
outside of the rod was threaded and fitted with two brass
"screw-on" caps. The centre of the rod, with the excep-
tion of a narrow flange, 1 mm. thick, was hollowed out as
shown; the surfaces of the flange were ground parallel to
each other, and a hole drilled through the flange in one
part for the purpose of filling the cell. Two fluorite
windows 3.50 cms. diameter, and of 0.5 cms. thickness, were
used as windows for the cell, a rubber washer and brass
plunger being placed in between the fluorite plate and the
corresponding "screw-on" cap. With this arrangement there
was an extremely small leakage from the céll due to evapor-
ation. The cell was fixed to a metal slider device where-
by it could be moved in and out of the path of the radiation.
This slider device was fitted with an adjustable stop for
work in regions of very intense absorption.

XII. A diagram of the apparatus used for the prepara-
tion of pure Nitric oxide gas is given in Fig. 13. The gas
was prepared by dropping a solution of acidified ferrous

sulphate from a funnel on to sodium nitrate solution con-

tained in a generating flask. From there it passed either
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to a trap (T), where a sample could be collected and tested,
or to a set of bubblers (W) containing an agueous solution
of potassium hydroxide for removal of acid fumes; from
there it passed through the phosphorous pentoxide drying
bulbs P;, Pg, Pz, to a reservoir (R) where it was collected
over mercury. The gas could be pumped over from the
reéervoir to the observation tube through the long flexible
glass tube already described. The pressure of the gas in
the observation tube was measured by means of a Bourdon?4
type of gauge fitted with a manometer arrangement. The
whole apparatus oould be evacuated by a Toepler pump and
Hyvac pump. The Toepler pump was also used for recovering
samples of gas for analysis from the observation tube.

The bourdon type of gauge was primarily fitted for measur-
ing the pressure of mixtures of nitric oxide and oxygen,
since these mixtures attack mercury. It was used for
measuring all the pressures recorded in the experiments
described in the following chapters.

The carbon dioxide used in the experiments was pre-
pared by heating pure sodium bicarbonate with hydrochloric
acid; the gas was passed through concentrated sulphuric
acid to remove all traces of water, and was then collected

and stored in the mercury reservoir R until required.
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directly from Sir R. Robertson's paper, and it will be
seen that general agreement exists between the two sets
of values,

Paschen's values of vy have been recorrected, after
first removing Paschen's own corrections, and such values
are given in column 7. These values were plotted against
wave-length on a large scale graph (Fig. 48), and values
of n given by Sir R. Robertson were also plotted alongside
for comparison; values of n for intermediate wave-lengths
were read off from the graph, and are distinguished from
others in the tables by an asterisk,

The standard temperature to which the refractive
index was corrected was 18°C.

Now :- where A = angle of prism

1

sin (A+D)/2, " D = deviation of a ray

sin Al when prism is set
in minimum deviation
position.

Since 1 and A are known, the value of P/2 for any value of 7

can be determined. This calculation of D/o was carried out

for all the values of '7' given in column 7 of the calibra-
tion tables; a graph has been drawn to show the relation-
ship between these theoretical values of the semi-deviation
and corresponding wave-lengths; this is given in Fig. 47.
This curve is found to intercept the "observed" semi-
deviation wave-length curve in many places. There is, in
short, a discrepancy between the observed and calculated
semi-deviations for almost all wave-lengths. These arise
from slight errors in cutting the threads of the screw
which propels the wave-length drum and rotates the prism

table. These differences hetween the values of the
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slit were opened to the same extent; occasionally, to obtain
a greater amount of energy falling on the thermopile, the
entrance slit was opened up - but never wider than twice
the width of the thermopile slit.

VIII. The remainder of this chapter deals with the
experimental work carried out to check the calibration out-
lined in the previous paragraphs, & also, the effects of vari-
ations in prism temperature on this calibration.

IX. The first experimental check on the calibra-~
tion was that used by many previous investigators, namely,
the use of the Emission line in the mercury arc spectrum at
1.014f¢. The Wadsworth Mirror was adjusted until the
maximum emission from the lamp coincided with a "wave-length
drum* setting of 1.014p, as observed by means of the
telescope attached to the spectrometer. One of the many
curves obtained during the course of the work is given in
Fig. 21, which shows the emission as observed when the Wadsworth
mirror is correctly adjusted; the corresponding experimental
observations are given in Table 1l. It should be noted that
the errors due to both of the temperature effects, and to the
faulty cutting of the "wave-length drum' screw, are all small
in the region near 1.014 «, so that this line at 1.014m is a
most suitable one for calibration purposes. During the course
of the work, the setting of the Wadsworth Mirror was often
checked by this means, so that all values of wave-lengths

given in the following pagzs are determined relative to the

mercury line at 1.014 .































































































































































































































































































































































