
INTRODUCTION. 

It has been known for a long time that gases at low pressures in 
sealed tubes disappear under the influence of electric discharge even 
in the absence of metallic electrodes. 

Various theories have been put forward to account for this 
hchaviour. A. A. Catnpbe!l Swinton (Pwc .  Roy  Soc., (A),  1907, 79, 
134) supports the view that the gas is mechanically held by the glass 
walls since he found that helium could be liberated back by heating 
the glass walls. Hill (Proc. Phy. Soc., 1912, 25, 35j found that the 
disappearance is due to chemical reaction between the activated gas 
and the glass. 

E. Hiedemann (Z. phys&a.Z. Chm~a., (-4 ), 1931, 153, 2 l G 4 0 )  
showed that the clean-up phenomena takes a normal or anomalous 
course according to the previous treatment of the tube. The normal 
course is the adsorption of hydrogen atoms on the surface of the 
tube which corresponds in efIect to the results obtained by Johnson 
(Proc. Roy. Soc., ( A ) ,  1929, 123, 603). The latter author finds that 
the hydrogen disappeared forms a monomolecular layer on the glass 
surface. Both the authors have found fatigue in the rate of dis- 
appearance and also in the total quantity of gas which disappears. 
The first experitnent on disappearance with a freshly baked tube is 
the most effective both as regards the rate as well as the quantity 
of the gas disappeared. 

If, however, during the experiments a portion of the apparatus 
is cooled with liquid air, condensible products are formed. Mierdel 
(Am.  Physik., 1928, 85, 612) found a pressure rise on removing the 
liquid air-bath after the gas had disappeared under the influence of 
an  electrodeless ring discharge. H e  called this conclensible prodtlct 
atomic hydrogen which did not undergo recombination and hence was 
repeatedly condensible. E. Hiedemann ( i l m z .  Plzysik.. 1931, 8, 456) 
however, differs on the ground that the life-period of atomic hydrogen 
is of the order of a second. Hiedemann considers the condensible 
product to be a mixture of silicon hydrides, which is formed by the 
action of hydrogen on the glass walls under the influence of the 
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(ii.;ci:a;gt.. In a subsequent paper (Z. pk~lsikal. Che~lz., (A) ,  1933, 164, 
20: the same author made investigations on the fatigue phenomenon 
observed wit!l glass vessei and concluded that the fatigue was due 
tcr s(idiiin atoms on the glass valls. He confirmed this by noticing 
the altsence of such a iatigue phenomenon in quartz tubes. 

14 completely different view is offered by the work of James 
TnY!or (Natiwe, 1978, 122, 347) who, working with the electrodeless 
discharge in hydrogen excited by a seven-meter valve oscillator, 
obtained a condensible product which he found to be water. I t  had 
the same volume as that of the hydrogen which disappeared. Its 
spectrum cnrresponded to that obtained with water vapour. H e  
explains his resuits by regarding glass as an electrolyte and the 
disappearance of hydrogen under the action of the discharge being 
due to the chemical interaction of the gaseous ions with the electro- 
I!-tic p i ~ > d : i ~ t ~  and ions of the glass. Thus the SiOs- ion decomposes 
into silica and osygen which subsequenily unites with hydrogen to 
form water (Pi-oc. Roy. Sac., ( A ) .  1329, 123, 252). 

Srikantan ( Jaw.  I d .  Chem. Sac., 1936, 13, 79)  worlcing in our 
laboratory reported that under the influence of high frequency 
discharge hydrogen gas first disappeared completely during the first 
hour and half and about two-thirds of the gas was desorbed if the 
discharge was continued for ten hours subsequently. The original 
pressure was completely regained after heating the tube to 400' C. 

I t  would seem from the diverse nature of observations of 
diEerent authors and of the explanations given by them that the 
phenomenon of disappearance of hydrogen in electrodeless discharges 
is a complicated one and may be due to more than one cause. The 
present work was undertaken to investigate more fully the nature 
of the phenomenon by making quantitative measurements. 

EXPERIMENTAL. 

The Appas-atus.-Fig. 1 ( a )  represents the general scheme of the 
apparatus. D is the discharge tube, made of pyres, 2 cms. in 
diameter and 10 cms. in length. Tx is a trap which is cooled with 
liquid air to obtain the condensible gas fonned by the discharge in 
hydrogen. AI, 42, Aa are small side tubes with constrictions a t  the 
top which were subseqr~ently joined to the apparatus to seal off the 
condensible products fonned in the apparatus. In  order to obtain 
pressure changes of larger order of magnitude it was necessary to 
have the volume of the rest of the apparatus as small as possibk 
compared with that of the discharge tube itself. Consequently, t k  
liquid air trap TI used to arrest mercury vapour, the diffusion pump, 
the Toepler pwnp, etc., were cut off from the discharge tube by means 



of a tap of large bore after the discharge tube had been thoroughly 
evacuated and filled with the gas. For the same reason a pressure- 
gauge of smailer dimensions which was subject to no other objection 
was required. The Pirani gauge mas consjdered to be the most 
suitable for the purpose. This gauge is very sensitive within the 
range of pressures at  xvhich the xvork was carried out. 

The Pirani gauge was made out of a Mazda 110 volt 10 watts 
galvanometer lamp which formed the fourth arm of a Wheatstone's 
circuit [Fig. 1 ( b ) ]  and the voltage required to keep the temperature of 
the filament constant at 60°C. at different pressures as measured by 
McLeod gauge was recorded by a voltmeter and the calibration curve 
for  different gases was prepared (Fig. 2). 

For evacuating the whole apparatus a two-stage steel mercury 
diffusion pump was used. The diffusion pump was backed by an 
ordinary Toepler pump, the advantage being that the gases could be 
collected if desired. 

An additional siphon arraflgement [Fig. 1 ( a )  J was joined to 
the apparatus so that gases collected in tubes could be easily trans- 
ferred to the apparatus when required. -4 small mercury manometer 
was also incorporated in the system as a guide for preliminary evacua- 
tion. 

The ;vhole apparatus inclnding the trap TI was made of pyrex 
and it was joined to the line leading to the pumps, the McLeod gauge, 
etc., by means of a ground joint. 
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The Oscillator.--The gas in the discharge tube was excited by 
placing the latter in the high frequency field of a magnetron oscillator. 
Fig. 3 sho\vs diagrammatically the whole of the oscillating circuit. The 
magnetron valve (E 396) is placed between the poles of an iron-cored 
electromagnet vith the electrode axis perpendicular to the direction 
of the lines of force. The filament is heated at  4 volts by means of 
a step-down transformer (110 V-6 V) supplied from 110 volts 25 
cycles mains. The high tension was applied from a 1000 volts D.C. 
generator having a rheostat in series on its input side for regulating 
the voltage, through a smoothing circuit. 

The oscillatory circuit was made from a 1/16" copper wire bent 
in the form shown in the figure. I t  was connected at its ends to the 
anode leads of the valve by means of binding screws. In some experi- 
ments the oscillatory circuit consisted of la Lecher wire system bridged 
at the other end, the mid-point of the bridge being connected to the 
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positive of the H. T. supply. However, it was found that more power 
could be put into the discharge tube by using the form of the oscil- 
latory circuit as shown in the figure than by simple Lecher wires; 
hence it was used in the present work throughout. 

The usual operating data for the circuit is a s  follows:- 

Filament volts . . .. 3.5 
,, current . . . . 2.2 amps. 

Anode volts . . . . 500600  
,, current . . . . 30-40 ma. 

Field strength . . . . 400 lines per sq. cm. 

The wave-length was measured on a Lecher wire system induc- 
tively coupled when the circuit was oscillating under the above- 
mentioned conditions. The positions of the current nodes were 
detected by means of a vacuum thermocouple and a galvanometer. 
The value of the wave-length found from a number of such determi- 
nations was 1.8 metres. 

Hydrogen was prepared by electrolysing a solution of barium 
hydroxide !between two platinum electrodes in a U-tube. I t  was led 
over platinised asbestos heated electrically to a temperature of 200°C., 
then through a U-tube filled with calcium chloride to remove water- 
vapour. I t  was stored in a tube filled with phosphorous pentoxide 
which was isolated from the calcium chloride tube by means of a 
capillary tap; the storage tube was joined to the main apparatus 
through a capillary tap at  the other end. 

2 F 



To start with, the ivhole apparatns was evacuated and rinsed 
iviih hyJmgen a number 01 rimes to ensurc absence of impurities. 
Liquid air rvas kept under the trap '1'1 d~lring thc whole process to 
trap mexury vapcur. 

Before starting an experiment, the discbarge tube D was baked 
o:t a t  50O1C. in a n  electric furnace. After fiiling the tubc with the 
ga:; at the desired pressure the tap m s  closed and the discharge was 

by srvitcIling on tlx oscillating circuit. The colour of the 
&,v: \\.as red in the beginning nhen pressure was 0.2 mm. and 
bccanlc more in!ei?sc when the pressure fell to about 0.1 mm. 
TEe prirn;lrq- kydrogci~ >@rum \.;as very strong cotnparcd 
rvith the sccon?ary spectrum .kt still lower pressures, however, the 
sc;r :;lt";rrJ- s:izo:r:;~-r bec:u-lr ccm;.nralive:); jm~ininent and 'the colour 
1,F the discharge ;vas mr;re violet than red. Mercury lines were some- 
times faint!:,. observed in a direct vision spectroscope when liquid air 
was not put acder thc trap T2. The pressure at  which the glow 
ceased x a s  of the order of lo-' mm. as judged from the indications 
given by the I'jrani p u g e .  

It  as found that nhen the rate of disap1:cnrance was negligible 
:he tube hecanle hot due to thc passage of the dischargc, but not so 
much whezl the disappearance of the gas was comparatively faster. 
Whenever the disappearance was rapid the colour of the discharge 
was scarlet red n-ith intense Ralmer lines, and when it mas siow due 
to fatigue, the colour was n.hitish rcd showing more prominently the 
secondary spectrum. 

The first set of experiments was done at  the earlier stage of thc 
present investigation using the oscillator described by Srikantan 
J h c .  r i f . )  and the apparatus did not include the trap T2 and side 
tubes AI. A% and AS. The procedure adopted was to fill the discharge 
tubc at a known ?ressuz-e and start the discharge. The progressive 
:all of pressure was given by the Pirani g-auge whose readings xwere 
taken at definiiive intervals after stopping the discharge and allowing 
the tube to coc!. To  know the total amount of the gas that coulrl be 
~nat'e to tlisapnear. further quantities of the gas were supplied by 
opening the tap, and the discharge again started. This was done till 
no more gas disappeared after continuinc the discharge for two to 
three, l y r s .  

h? method e!llpk)yeti for recovering thc gas that disappeared, hv 
hcnting thr tube at vnrious tcrnpcratl~res. Tvas as follows: TIle tu& 
m i  put in the furnace at  450°C. The amount of gas evolved at  any 
one temprature was known from its presyure as given by the pirani 
. ~ a ~ g e ,  taki~lg the temperature correction for the heated part into 
consideration. When there was no further rise in pressure, the tap 
s-as opeaed for a while to pump off a11 the gas that was in the dis- 
charge tube and the process repeated till there was no illdication of 
pressure rise. 



r- iable I gives the resnlts of three series of experiments, the 
first series of these espeiiments was done with a push-pull oscil!ator 
of 10 metre wa~e-!e;lgt!i: ic was lcss powerful than the magnetron 
oscillator which xi-as used ior  he second and the third series. 

i - r  
1 ne first series consists of iour experiments carried out at differ- 

ent initial pressures. Columns 1 and 2 represent the starting and 
end pressures respectively in each case; the third represents the loss 
which has been totailed up at the end. The fourth column gives the 
pressure of the gas that could he restored by the heat treatment, and 
finally, the fifth colun~n gives the ratio of the gas restored to that 
of ?he gas lost, the mean value of which is 0.64. The second and 
the third series of experiments have been carried out in the same 
manner. 

TABLE I. 
F'jv*rs Dischnqe tu6e. 

Initial End 

mm. mm. , 
I 

3 1 4  
I 

1. Push-pull Oscil- 
lator h = 1Om. 
metres 

2. Xagnetron Oscil. 
lator Lecher 
Wire coupled 
h = 1 - 8 m .  

3. Magnetron Osoil- 
lator coupled 
with looped wir 
h =1.8m. 



The value o f  the pressure of hydrogen (which was recovered by 
heating] given in the iourth column, has heen obtained after applying 
the temperature correction for the heated portion of the apparatus. 

Thc results bring out the "fatigue phenomenon". The tube 
absorbs hydrogen under the influence of the discharge upto a certain 
limit. This fatigue is manifested in the rate of disappearance of 
hydrogen as shown in Fig. 4, where the progressive fall of the pres- 
sure with time at different stages is given. 

Curie I ccm-esponds to the experiment No. 1 of the first series 
in Tabie I, which was carried out n-ith a baked out tube. 

Curve I1 corresponds to the experiments in the second series. 
It will be seen that the rate is much slower than in Curve I, although 
the tube had been baked out initially. 

Curve 111 corresponds to the third series. Here the rate is 
quicker because of xhe increased output of the oscillator but the fatigue 
is evident from the fact that the end pressure is much higher than 
in Curve 11. 

PYREX TUBE 

V I  



Curve I\' shows the course of disappearance without baking the 
tube which was in the same condition as at  the end of the third series 
of experiments, and the fatigae in this case is evident both in the 
rate as well as in the end pressme. 

Curve V shows the effect of higher initial pressure, when the 
tube was not baked. I t  wilt be seen that the curve is practically 
horizontal and the limit of disappearance is reached. 

However, if the tube was initially baked and the experiment 
started a t  higher initial pressure, the course followed is that shown 
in Curve VI. 

I t  is quite evident that the rate of the disappearance depends upon 
( i )  the initial treatment of the tube and (ii) the oscillator input. 
The higher the input of power, the quicker is the disappearance. The 
final pressure which is reached at  the end of an  experiment mostly 
depends upon the total amount of the gas that has been taken by the 
tubes. 

SUMMARY. 
The disappearance of hydrogen in a degassed pyrex tube under 

the influence of high frequency electrodeless discharge was followed 
by a sensitive Pirani gauge. Both the rate of disappearance of the 
gas as well as the amount depend upon the previous history of the 
tube. h fatigue effect is evident. The apparent quantity of gas 
recovered by subsequent heating is approximately two-thirds of that 
lost under the influence of the discharge, as measured by the Pirani 
guage. 
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