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The non-identity of the characteristic curves for the rising and falling applied
potential ¥ indicative of hysteresis, is attributed primarily to changes in the gas
phase produced by a self-maintained discharge, by the pre-cxisting electrical fields.
A like phenomenon in respect of the time of discharge was observed incidentally
during work on the Joshi-effect, viz. a photo-variation of the conductivity ¢ in
halogens and other gases under electrical discharge (Joshi, 1943). In bromine vapout,
this'has revealed a marked dependence on 1” of the ‘aging " of i under the discharge:
and on its discontinuation its progressive recovery. The results have suggested an
additional factor, viz. a reversible conditioning of the surface excited under the
applied fields.

EXPERIMENTAL.

The experimental arrangement and the electrical circuit used were essentially
the same as described elsewhere (Deshmukh, 1947). The discharge was produced in
the annular space of a Siemens’ type (glass) ozoniser filled with bromine vapour
purified by fractionation over liquid aic. The ozoniser was surrounded by a large size
glass jacket with a water circulating arrangement (fig. 1} to reduce any temperature
fluctuations during a given series of observations.

Single phase alternating current of 50 cycles frequency was obtained from a
rotary converter worked off 220 volt D.C. mains. The potential was stepped up by
a H.T. transformer. A moderately concentrated salt solution filled in the inner
tube and the bath surrounding the outer tube represented the two terminals of the
ozoniser (fig. 1). The high tension terminal, i.e. the inner electrode was connected
to one of the secondaries of the transformer through a 20,000 ohm Dubilier type
stabilising resistance (fig. 1). The potential applied to the ozoniser F, expressed
in kilo-volts (r.m.s.) kV, was calculated from a knowledge of the primary potential
and the transformer ratio. The discharge current ¢ was measured by a double
wave, oxide rectifier type, Cambridge A.C. microammeter (p.4 in fig. 1) introduced
in the low tension part of the ozoniser circuit.

Bromine vapour excited in the range 5-9 kV (50 cycles) at 30°C. showed the
occurrence of ‘aging’, i.e. a time variation of ¢ at a constant applied I'. The secon-
dary potential was switched off when i reached a constant minimum stage due to
‘aging’ and remained unaltered for an appreciably long time. The system was
then allowed to stand over for different intervals of rest-period. The discharge was
again switched on at the end of a given rest-period and the time-variation of ¢ at the
(previous) constant 1 was observed. These results for one typical series of the
‘aging’; and also for the influence of rest-period in restoring ¢, at the original V, to
its pre- ‘aging’ value are shown in fig. 2.
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DiscussioNn oF REsSULTS.

The conductivity ¢ in an ozoniser type vessel, excited at a potential V, is given

by the following general equation due to Joshi (1947).

. ' ] ]

1=VI;‘7L2f+OZ+] . .. (1)

/ I way R_: + jog Zf

wherce 2y represents the frequencies developed under the discharge, including those
of the supply and its harmonics; Cy and C, are the capacities associated with the
combined annular walls and the excited gas respectively; the circuital inductance
L is constant. It follows from (i) that the decrease of %, such as shown by curves
in fig. 2, may be attributed (a) to a rise of R,, a fictitious resistance in parallel with
Cy; 1/R, represents the ionisation current produced in the gas under fields duc to
V. It depends primarily on the average velocity and the number per unit volume
of the ions. Changes in either or/and both these quantities should be sensibly
instantaneous, if the reaction leading to the observed ‘aging’ effect in bromine is
restricted to the vapour phase. Alternatively, the decrease of ¢ can originate from
a decrease of (,. This might come about due to adsorption of the gas excited by
the discharge. As this is not an instantaneous process, the gradual decrease of &
as observed is explicable, if the assumption is made that Zy does not alter due to
‘aging’. Joshi (1946) has postulated the formation of an ‘activated adsorption layer
{s)’ formed, in part, from a wall adsorption of the ions and molecules from the gas
phase; and that this layer might be a chief seat of the periodic variation of ¢in N,O—
H, reaction (Joshi & Deshmukh, 1945) and the newly discovered Joshi-effect Ai. an
instantaneous and reversible photo-variation of ¢ (vide infra). It is now suggested
that the time-variation of 7 at constant ¥, constituting the ‘aging” etfect in bromine
vapour (fig. 2), and like syvstems, may also be associated with the behaviour of this
boundary layer.

The disappearance of a gas under the discharge due to adsorption by the walls
has been observed by numerous workers. Plicker, Vegard (1916), and Hippel
(1926) established it during exhaustive experiments on cathode sputtering. There is
also evidence to show that the adsorption of the gas is pronounced with metals that
sputter most copiously. That adsorption, however, is not restricted to conditions
favouring metallic sputtering is shown by Hill (1912) from the results obtained
under the ring electrodeless discharge through air in glass bulbs. He attributed the
‘adsorption produced under the above conditions to the formation of the oxide of
the metal in the glass. Mey found that all gases other than the inert gases
combine readily with the cathode coated with an alkali metal. Willows (1901)
advanced evidence to show that the metal in the glass was chiefly responsible for
the disappearance of the gas under discharge; and that the rate of diminution of
pressure due to absorption depended on the kind of glass, being, e.g. greater for soda
than for lead or Jena glass. The ‘clean-up’ of iodine vapour after long continued
sparking between platinum electrodes has been attributed by Luedeking (1890), in
part, to the formation of alkali iodides or/and iodates as a result of the interaction
between the vapour and the glass wall of the discharge tube. Kellner (1902)
observed the formation of a sulphur yellow deposit on the container (glass) walls, when
bromine vapour was exposed to an electric discharge in ozone tubes. No formation
of such a deposit was, however, observed by the authors during these experiments.

It is suggested by Joshi (1946) that the formation under fields intense enough to
sustain ionisation by collision, of the ‘activated ionic+molecular adsorption layer
leads (or is tantamount) to a dielectric strain in the system; it tends to revert to the
normal state on the discontinuation of the discharge, due presumably, to & desorp-
tion of the bromine vapour. Like its formation, the break-up (on the discontinuation
of the discharge) may well be a time-reaction. This is .i].lustrated by the general
result (fig. 2), that if the discharge is discontinued after i has reached the constant
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minimum in the stationary stage due to ‘aging’, and is restarted at the original
applied potential V after different durations for the rest-period, the discharge current
isrestored partially or fully, depending on its magnitude. Thus e.g., at 8§ kV applied
to the ozoniser, ¢ decreases due to ‘aging’ from the initial 83 to 51 w4, i.e. by about
409, of the original current; the rest-period necessary for its complete restoration is
about 180 minutes (fig. 2).. At lower applied potentials, e.g. 7-5 and 6-9 kV, the
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decrease in the current ¢ observed after ‘aging’ is about 229, of its initial value.
From the standpoint of the adsorption layer mechanism, it is significant that
excitation at lower potentials entails a smaller rest-period, necessary for the complete
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restoration of the original conductivity; thus e.g., at 7-5 and 6-9 kV this rest-period is
about 30 minutes. During this, the restoration of ¢ is, however, only 2/} per cent,
when the original exciting potential is higher, viz. 8 kV. Over the entire range of
the applied potentials mentioned above, the constant minimum value of ¢+ produced
after ‘aging’ remained unaltered when the rest-period was reduced to 5 minutes
(fig. 2).

Detailed experiments and long exposures showed that the ‘aging’ effect was
not observed at/below 6-4 kV (fig. 2); this suggests that Joshi's general finding
that a discharge reaction occurs only above its characteristic ‘threshold potential’
V ., is applicable to the wall, gas type reaction, significant for the ' aging’ mechanism.
Furthermore, the results in fig. 2 show that the current decrease due to ‘aging’ is
much faster at 8 kV than at lower applied potentials; this is also explicable on
Joshi’s general finding that the velocity of a discharge reaction at a given applied
potential V depends on V-—V,, (Joshi, 1929, 1939, 1945, 1946).

Earlier results in these Laboratories in the case of the chlorine gas have shown
that with a freshly prepared ozoniser, the magnitude of the net Joshi-effect A
increases after ‘aging’ (Deo, 1945). 1t is, however, interesting that the variationin A<
and the relative effect %, A4 with the time of exposure to discharge decreases with the
increase in the duration of ‘aging’. Thuse.g., A¢and % A ¢in chlorine after 1( hours
of exposure to discharge were about 8 and 10 respectively; both these quantities
decreased further by about 90%, when the ‘aging’ was prolonged to 160 hours.
It may also be mentioned that in the present investigation, prior to ‘aging’, At in
bromine vapour was markedly high; it became negligibly small after ‘aging™ for
about 60 minutes despite intense irradiation and varied applied potentials. Thus
e.g., at 6:9 kV, before ‘aging’, the discharge current in dark and under light, ip and
tr, was 93 and 85 pAd respectively; the corresponding A+ and %At were 8 and 9
respectively. After 60 minutes exposure to discharge, ip decreased from the initial
93 to 81:5 pd; and on irradiating the system at this stage i, was 79 p4, the corre-
sponding A1 and %At being 2 and 3 respectively. The diminution to a constant
minimum in the final stage (fig. 2) of ¢ and therefore, of ('; in equation (i) denotes
the attainment of a stationary equilibrium condition. A prolonged ‘aging” beyond
this stage, enhances the stability of the boundary layer; this should reduce the
corresponding A ¢ as observed, since it is determined by the activated character of
the boundary layer, associated with instability. Using Geissler, Crookes and like

_ type discharge tubes, Joshi (1945) found that the effect A is either not detected or
(compared with glass tubes) short lived, if both the electrodes are metallic. It is,
therefore, suggested that the behaviour of the above adsorption layer of bromine (res-
ponsible for both A¢ and the ‘aging’ effect) should be more metallic than that of
chlorine. The comparatively much greater diminution of A¢ with bromine vapour
due to long ‘aging’ is, therefore, to be anticipated. This deduction is in accord with
like results under silent discharge excitation in the case of iodine, and mercury
vapour now being studied in these Laboratories. ‘

Our grateful thanks are due to Professor S. 8. Joshi, D.Sc. (London), F.R.L.C,,
¥.N.I., for suggesting the problem, advice and kind guidance during the work.
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