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“A SPECTROSCOPIC STUDY OF AN UNCONDENSED
SPARK BETWEEN COPPER ELECTRODES IN THREE
DIFFERENT CASES AT VARIOUS PRESSURES"

By JAGDEO SINGH anp SREE RAMULU
(Plate X)

ABSTRACT. A detailed studv of the nature of the speetra al various portions of the spatl
in illuminating gas air and cathon dioxude at various pressures, the spark being excited by a
large induction coil, is described.

The following arc some of the mure impottant abservations and results oltained :—

(@) Most of the lines are due to the material of the clectrode. They ae prominent at
higher pressures and decrease in iutensity as the pressure deereases. Al a pressare of 10 cms.
practically all of them disappear.  Even at higher pressures, where the lines are prominent,
they are more coneentrated at the two ends of the spark.

(b)  Bands are practically absent from the atmosphetie pressure up to 30 cins. of mercary,
They appear at this pressure and gain in intensity as the pressure is farthier reduced.  1'he
optimum pressure at which the bands are developed with the greatest  intensity  sliows
practically no variation from gas {o gas,

(rv A study of the bands duc to CN and NO indicates that the formation of these
molecules and their excitation {o give their characteristic spectra ix inflnenced by the neigh-
bouring gascs.

(d) Tt secns likely that the eflective temperature of the spark is not constant thronghout
its length, the middle pertion being enoler than the ond portion. “I'his stafement 1equires
confirmation by accurate methods of evaluating temperatures.

() One particula line, belonging to ionised oxygen cexhibits a strong effect of pressare
broadening in the illuminating pas.

INTRODUCTION

The selective excitation of lines and bands in speetroscopy has Deen
studied in a number of cases. It mainly falls in threc groups: (1) The cfieet
of forcign gases on the nature of spectrum of a subst.ance, (2) The method of
excitation and (3) The effect of pressure. Tliere are various cases of the first
type specially in a discharge tube as for cxample (a¢) the behaviour of first
positive nitrogen (Jevons, 1032) bands in the presence of high pressure incrt
gases, (b) the production of ncgative nitrogen (Jevons, loc. cit.) bands in high
pressure helium containing a trace of nittogen, (¢) the intense development of the
Swan band (Jevons, loc. cil.) system by a trace of carbon in high pressure
helium or argon; (d) the development of Cameron bands (Jevons, loc. ¢it.) by a
trace of cabon in high pressure neon; (¢) the isolation of the high pressure carbon
and the triplet carbon hand systems undcr similar conditions; (f) the ‘behaviour
‘of mercury vapour (Wood, 1924) in the presence of forcign guses as revealed by
Wood’s investizations on mercury vapour in the presence of nftmgen at a
_pressure of 2 m.m. Kaplan (1630) ebserves that CO) is more.cffective in quenching
A 2536 line than N,y ' ‘

4—1576P—6


https://core.ac.uk/display/84906639?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

236 J]. Singh and S. Ramulu

Coming to the second case we have various methods of excitation as for
example clectro-luminescence, photo-luminescence, chemi-luminescence, thermo- -
lnminescence, etc.  In electroluminescence again there are many classes : .
high frequency discharge, spark discharge, arc-discharge, cte. In a variety of cases
the high frequency (Brasfeld, 1929) discharge gives rise to an intensity distribution
different from that obtained from other types of excitation of spectra. In hydrogen
(Asundi and Ors. 1942) it has been found that the primary spectrum is stronger
than the secondary speetrum when excited by an ordinary induction coil and the
sccondary spectrum is stronger than the line spectrum when excited by the
IL.J'. discharge. It has been found by Notingham that the relative intensities
of the lines in the spectrum of the arc depends upon the current strength and
in the case of the spark on the size and shape of the electrodes too.  Peters and
Mankoff found that in the case of low voltage arc using cathode layer, the line
spectra of most clements are from ro to 100 times stronger immediately in front
of the cathode than in the arc gas column, this effect being stronger for clements
of the first three groups of the periodic table. Tt has been found that the self
induction and the capacity in the circuit cause counsiderable changes in the
eXcitation of spectra. The introduction of an auxiliary spark gap in series
with the analysis spark has three effects: (1) general increase in intensity.
(2) selective increase in intensity and (3) stabilization of the spark. Lastly the
investigations of Newmann on the arc discharge in gases and mixed gases at
various pressures are among other sources of data on selective excitation. A
detailed study of this naturc of the uncoundensed spaik spectra of three ‘gases
namely the illuminating gas, the carbon dioxide and the air has been presented
in this paper.

EXPERIMENTAL ARRANGEMENT AND PROCEDURE

The uncondensed spark was maintained in a glass tube of nearly 3 cms,
in diamecter which had copper electrodes fitted to it with sealing wax. ‘The
glass tube was blown in the form of a bulb in the middle where the spark used
to occur and the whole thing was kept inside a water tight wooden trough such
that the two side tubes and the front end of the tube with quartz window pro-
jected outside the trough. The inlet and outlet tubes were bent so that they
might rest on the top of the trough when the tube was kept in position. A
continuous flow of water through the wooden trough was arranged, care being
talen to see that the water level in the trough was always 2 or 3 cms. above the
main body of the discharge tube. ‘T'his arrangement was made to avoid the
discharge tube from being cracked by the heat of the spark. Two copper
electrodes were inserted inside the tubes. They were completely insulated by
rubber except at either ends, so that there might not be any sparking between
the electrodes and the side tubes. The outer tube was connected to the Cenco-
high-vacuum pump to exhaust the gas inside through a two-way glass tube,
the other end of which was comnected to a mercury manometer which could
tecord pressures from 1 cm. of mercury up to the atmospheric pressure, All
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the joints were made air-tight with sealing wax. The tube was washed many
times by the gas before the spark was passed. 'The discharge tube which was
ultimately adopted is shown in Fig. 1.
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A large induction coil of 10 in. spark-length was used so that a very high
vollage was impressed. The current from the 220 D.C. mams regulated through
a rheostal was supplied to a mercury interrupter whose base was 15 cms. in
diameter. ‘The interrupted current (6 to g amp) passed through the primary ends
of the induction coil, the sccondary ends of which were connected to the two
electrodes of the experimental discharge tube. ‘The interrupter uscd to stop
functioning after some time and then the mercury was cleaned and replaced.
Soinetimes shaking the interrupter also helped in this direction.

The illuminating gas used was obtained from the main laboratory supply
and had the constitution of 489 nitrogen, 12% oxygen, 24%, methane, 4% hy-
drogen and 129% unsaturated hydro-carbons ; carbon dioxide was produced by
the action of dilute hydrochloric acid on marble in a Woulf’s bottle. In this
way the spark discharge between copper electrodes in illuminating gas, carbon
dioxide and air at the pressures 2, 5, 10, 20, 30. 40, 50, 60 and 75 cms of
mercury was studied from the three parts of the spark, namely the central
portion ; the stationary spot at the cathode and the moving spot at tle
other end of the spark and thesc are denoted by a, b, ¢ respectively in the
spectrograms (Plate 1X).

A Hilger small quartz spectograph was used for photographing the spectra,
Iiford H. P. 2 plates were used and the time of exposute in all casus was 10
minutes. Spectogram (1) and (2) are taken with the illuminating gas at the
pressures of 40, 30, 20, 10, 10, 5 and 2 cms. of mercury. Spectogram (3) is taken
the pressure of 40, 30, 20, and 10 cms. and plates (4) and (5) are taken
‘with air at carbon dioxide at the pressures of 75, 60, 50, 40, 40, 30, 20 and
10 cins, of mercury. In all these a, b, c are marked for the three spots.
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RIESULTS AND DISCUSSIONS

The intensity of bands and_lines has been estimated visually from the
blackening on the plates without taking inmto account many other well-known
factors such us the sensitivity of the plate, etc. modifying the blackening. Because
of this fact much importance has not been attached to the observations of the
individual bands, hut only systems of bands as a whole are taken into account.
This is summarised in “I'able 1.

The spectra of the spark in various gases have been found to show widely
different intensity distribution in the case of bands, lines and continuum present.
As will be scen from Table I, pressure has a marked cffect on the excitation of
bands, the lines and the continuous spectra also.  Various portions of the spark
give rise to widely diffcrent spectra,  ‘I'he nature of spectra appears to be
dependent mainly upon three factors, namely (1) the gas in which the spark is
excited ; (2) the pressure of the gas and (3) the portion of the spark photo-
graphed.

‘I'he present investigation, however, confines itself only to the mention of
some very striking differences and it is believed that for such observations, the
visually estimated intensitics can be relied upon :

(1) Bands.—'I'he obscrvation in the case of first negative nitrogen, second
positive nitrogen, cyanogen violet, NOy and OI1 are summarised in the Table I.

(2) Lines.~—TFrom the Spectograms we see that the lines present are almost
all those of thie Cu electrodes. ‘I'hey are intense at higher pressures and decrease
in intensity as the pressure decreases, so iuch so that in air a pressure of 10 ems.
of mercury all the lines except the two strongest copper lines at AA 3247, 3274
have disappeared completely.  Same is found to be the case in carbon dioxide
and illuminating gas. Futher in general the Imes when present are moie
prominent at the two ends of the spark and weak at the central portion of the
spark. This is (ruc for all the three gases investigated.

(3) 'The continuous spectrum is present with weak intensily only in the
case of the illuminating gas.

T'hus from the results given ubove we can conclude that the various lines
present except a very few, namely carbon line at A2478 and some oxygen lines,
arc all due to the material of the clectrodes of the spark. It can be scen that
the lines are more prominent at the atmospheric pressurc and decrease in in-
tensity as the pressure of the gas surrounding cecreases and nearly disappear ™
at a pressure of 10 cms. of mercury,  ‘This is true in the casc of almost all the
three gases investigated. On the other hand the bands show variations.in
intensity in the reverse direction. ‘I'hey arc absent at. the atmospheric pressure
and us the pressure decrcases they make their appearance at a particular pressure
which we may say is the clharacteristic of the systemn excited as well as. of the gas
surrounding the spark. At pressures lower than this optimum pressure the system
may become weak as has been found firstly in the case of “first negative nitrogen
bands excited in the illuminating gas (41% of Ny), where they become prominent
at a pressure of 10 cins, and become weaker at still lower pressures, or the system
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may become strong at pressures lower than the characteristic pressures for
cxcitation as has been found in the case of second positive nitrogen bands
developed in air when they appear at a pressure of 40 cms. and become stronger
at still lower pressure or the system may remain with the same intensity ai
pressures lower than the characteristic pressure as has been found in the case
of (yanogen violet system developed both in the case of CO, and illuminating
gas but not in air. So we can generalise and say that under the conditions of
the present experiments it is possible to excite the molecules of the surrounding
gas in the spark discharge between the clectrodes alimost free from the charac-
teristic lines of the eleetrodes.  This happens when the pressure of the surround-
ing gas is ncar about 1o cms. of mercury. There appears to he a very slight
variation in this pressure depending upon the nature of the gas.

We wish to point out another striking pcculiarity. ‘I'he first negative
nitrogen bands as produced in the illuminating gas and in air arc present only
al the stationery spot of the spark in the illuminating was while in the case of
the ajr they are strong at the moving spot of the spark. It is difficult to
understand this phenomenon. It would be very interesting if a more detailed
investigation of this particular phenomenon is’ undertaken cmploying accurate
methods of intensity measurenients,

Another interesting observation concerns NOy bands.  Since nitric oxide is
not present as such in any of the three gases, the presence of these hands is indica-
tive of the conditions suitable for their development. Again the NOvy (Bair, 1920)
bands arc particularly weak in the illuminating gas, which contains as has
been mentioned above a fairly large amount of nitrogen and oxygen. These
bands are stromg both in air and CO., in the latter of which nitrogen and
oxygen can only be in small amounts as impuritics. This is rather intercsting
when we contrast 1t with the complete absence of cyanogen bands in air,
\»\;hich must presumably contam traces of carbon. DProbably it will be
correct to say that whereas for the production of NOy bands traces of nitrogen
and oxygen if avilable in the presence of other gases arc more favourable,
a much higher concentration of carbon is mnecessary [or the development
of cyanogen bands in the presence of other gases. In this respect, however,
Newmann (1g29) has obtained cyanogen bands when an intermittent arc
discharge is passed through hydrogcn at a pressure of 10™* mm. in the presence
of helium and neon, where also therefore carbon and nitrogen must have been
present only as impurities in small quantitics. Ncwniann explains the presence
of these bands as due to the effect of temperature heing responsible for the
production and excitation of CN bands. I'his is in contradiction to the obscrva-
tion made here. ‘[l effective temperature is roughly of the same order ?f,
magnitudes in both cases. .Hence the absence of CN bands in the sparks in
air is not explained on the temperature hypothesis. We have to cor.lclude that
the presence of helium and neon is responsible for the ?roduct:on of these
bands in Newmann’s experiment.
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From the ohservations of the intensity distribution of nitrogen bands
obtained by the spark in air ’l'awde (1934) cvaluated a temperature of 7200°K. The
present experiments do not allow us to cvaluate the effective temperature with
any confidence. DBut it is intercsting that values obtained by using the visually
estimated rough intensities for the band heads, are of the same order of magni-
tude as that obtained hy accurate measurements of intensity. Thus for the spark
in air at a pressurce of 20 cms. a temperaturce of 8160°K is derived as the mean
of the values for the three parts of the spark. In general we find that at the
same pressure in different gases the temperature is the lowest in the iillumina-
ting gas, whereas in air and carbon dipxide they are of higher magnitude, but
roughly coincident with the values obtained by previous workers. Also the
middle poition of the spark gives a temperature lower than the two ends of
the spark. No gquantitative significance can obviously be attached to the vaiues
thus obtained but from the right order of magnitude it scems likely that the
differences in temperature along the length of the sparks are reai. It would be
interesting to test this hy accurate methods of intensity measurements.

T'here is one particular Tine which hias been marked in the Spectrogram 1 as
O*, 'T'his is onc of the three or four lines of ionised oxygen wlich lic at about
A 4870A. ‘This line is very broad and appears as a band at a pressuic of 40 cns,
It gradually becomes less hroad with decrease in poressurc and at 10 cms. it is
almost sharp like a line.  This line is, therefore, pressurce sensitive. It, however,
is present in the spark spectra of illuminating gas and absent in other specgra.

In conclusion the results show that it is not improhable to arrange the
conditions of the spark in various media in such a way that not the lines
characteristic of the clectrodes but the bands characteristic of the molecules of
the vapour can be excited. ’T'his obscrvation is rather interesting and further
work will show whether the method cannot be employed to bring about an
excitation of multiatomic moleculcs.
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