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STUDIES OF THE JOSHI-EFFECT IN CHLORINE UNDER
OZONIZER EXCITATION—INFLUENCE OF TEMPERATURE

By K. 8 VISVANATUHAN ann K. KUPPUSWAMY
(Received for publication, May o, 1919)

ABSTRACT Thc mfluence of temperaturc, vaned in the range & 67°C on the magm-
tnde of the Joshy Effect m Cly taken in fhe pressmic range 55 5 =30 mm and exated i a
Sremens ozamzer duc to potentials of o eycles frequency has heen «tudied  The magmtude
of hoth the ncl as wall as the relative effect decieascs with merease of teuperatmne, the
mflucnce of applivd pofential is to imarcase the net dfcct and deacase the sclatne effedt
e mhidn ¢ mfinence of temperature 1w more m endence at Jower than at higher
apphed potentiale The mt conrespondonce batween Tight absorption by Cly which increasec,
and the sl BHoor, whiech deere ises with mercase of temperatuig, s m aceord with Joshr's
vien (hat A7 s not entnely a consequence of selectine ight absarption: by the excited
gas It rather a quantum or ficquencey dlledt

I'he Joshr Lffeet having been onginallv discovered i chlorine (Joshi,
1aqa, 1a15), most of the workers m this field have naturally devoted then
attention to a detwled myvesiipation of the production of the effect m ths
gas and the mflnence of the various factors which aflcct the nature and
maenitnde of the eAcct It was only subscquently that other gases, ¢ g.,
H., O, Bi, 1_ete, and mctallic vapoms. ¢ g., He. K, Na, cle,, were taken
up for simili exhaustive study. But a smivey of the' now considerabie
iiterature on the effcet m chlorme revedled the absence of any mnformabion
regarding the inflnence of temperatwe on the Jesh-Jifleet in- chlorime, except
for the prclimmary note of a general nature by Joshi and Deshmukh (1941)
and by Do and Padmanabhalu  (1044). ‘The present investigation was
lience nndertaken m order o find the dependence of  the Joshi-Fifiect m Cl,
on lemperature

EXPERIMENTAL

The general nature of the appaatus was the same as used in some of
the previous mvestigations  The discharpe vessel was a Siemens’ ozomizel
which was cxated hy smele phase aiteinating potentials of ra cycles
frequency, obtamed from a rotary convetler worked off the 220 volt D C.
maius and stepped up by means of a transformer of 1atio 22771 I'he source
of lum:pation was a 200-volt 200-watl incandescent bulb encloscd within
arhox provided with a movable shutter.

Chlorine was prepared clectrolytically from  strong HC(1, using graphite
clectiodes. A current of o.25 ampere was employcd for clectroiysis. The
current was fiist passed in one direction and then in the other alternately
for some time in order that the acid might be saturated with chlorine and
any organic impurities in the acid destroyed. After this precaution was
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taken. 1t was found that hydrogen and chlorine were evolved in equivalent
quantities. The gas, Cl, was then passed through a water trap in order to
remove vapours of HCI and allowed to stand over fused CaCl, and P,0, for
the 1emoval of moistute. The gas was finally puified by freeszing it out
in a liguid an trap and pumpmg ofl any uncondepsed mmpurities by means
of a Topler pump. It was then stored in aieservoir kept m communica-
tion with the drying lubes in order that the gas nught be thorouglly dried.

Swce chionme attacks mercury casly, the use of a mercury manometer
was piecluded.  Ience a Bomdon gauge of glass-spoon type, uscd by one of
the authors (K 8.V.) m connection with his work on NO, and dcseribed
earher (Visvanathan, 1948), was employed

The influence of temperature on the magnitude of the Joshi-Lffect in
chlorme was studied by takmg the gas m the pressure range 55.5--390 mm
and obscrving the vanlation in the eflect at three diflerent temperagures,
iz, 87, 30" and 67°C, and for some pressmies, also at 25°, z0° and po°C
the apphied potential bhemg kept constant.  The temperaturce \’urialllo\n of
the Joshi-Iifiect was deternmuned at different apphed polentials, .., 6.08,
A 01, 0.35, 90.88, 10.68, 12 02 and 13 35 kV (1.m s.), the ficquency ol the
ALC. supply bung the same in all cases, iz, 50 cycles per second

The dischaige currents, 1, and o (., when the ozomzer was m dark
and unda arradiation respectinely), wace measured by mecans of an oxide
rectifict type nucro-ammeter.  The net Joshi-luffeet, 20 oy 1) as Weil
as the relative effeet, Y% -t (1., 1ooe-t/1,) has been calculated  Resnlts
mdicated m Tables 1-VI are sclected as beng typical of a lmige mass of
data obtamed o1 a number of mital pressutes of the gas and apphed
potentials and temperatuies.  The imtal pressmies of chlonme thus selected
ale §5.55. 137, 224, 238, 381 and 390 mm.

INFLUENCE OF TEMPERATURIL ON TII) JOSIIL-
FITECT IN Cly UNDER OZONIZER ENCITATION

T'ApLL 1

Pressurce of Cl, * 55 5 nun

Applicd Dotential --> 6 oS LV 801 kV 935 hV
Temperature i In ! i), I--Al —%A | w { i —Ali ~%Al) w i | O] —%Al
——— ' e e b (RN Y SN A ———
! , :
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‘I'aBLE Ti

Pressure of Cl,: 137 mm
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DISCUSSION

The results for the net and relative Joshi-liffect m Cl; show the
characteristic and distincive behaviour of the pas in 1epard to the facility
with which Joshi-Effect of large magnitude 15 produced.  Thus'the occurren-
ce of 100% Joshi-Eflect at the pressures 381 and 390 mm of Cl, bears out
the above obseirvation The range of pressure, 11z, 55 5—300 miu over
which chlorime continues to give the Joshi-Effect of such large magnitude
is 1emurkable, when 1t 1s seen that most of the otlier systems studied, e g.,
H,, N,, ai1, elc , show the Joshi-liffect only for a limited range of pressure,
which abruptly falls off to almost zero on crossing either od the hinnting
pressures  For example, in H, subjected Lo ozomizer excitation at 5o cycles
frequency, the Joshi-Effect which 1s maxunun at 7o mm, falls off shaiply
mm value and vanishes outside the range 3zo-zoo mm.  In conformity with
cailier findings for Cl, and other gases, t!w net effect —2&1 mereases (lm‘h(ncn-
cally) while the 1elative effect, -- %A1 decreases (numerically) with incteasc
of applied porential.  LI'hus, e.g., at 55 smm (/  Table 1), the net Jaslu-
Eftect at 6 08, 8 or and 9 35 kV at 8°C is 173, 200 aud 220 1espectively,
while the relative eficet is 50.4, 47 8 and 44 o respectively.  Suntlar resulls
are obtamed at the other temperatures as well  Bot a close examnuation
of the results shows that, m general, the mhibitive influence of the applied
potential on the production ol the Joshi-Eftect is greater at lowear than al
higher temperatures

It is also seen lrom the results that tempetatuie exerts an upprccuﬁ;lu
inhibitive influence on the system m epeet of its abality to show  the eflect
It 1s signmficant  that though o mercases with temperature, o mereascs
much taster than 1, with the result that both M and %A show
a (numerical) dimnution as the temperature 1s wcreased  ‘Ubus, ¢ g., al
6.68 kV, the values of - Arat 8%, 30 and 07" are 17.3. 11 8 and 7.u tespee
tively, and thost of — %A1, s0.4, 33.0 and 17.5 1espectively, It way also
be gencaialiscd tiom the data that the influence of temperature i lowering
the magnitude of the Joshi-Lifieet as less at higher than at lower putentials,

The above observations would appear 1o emerge om a consideralion of
the gencral theory proposed by Joshi for the cftect (Joshn, 1a)0, 1047,
Visvanathan, 1949).

Joshy assumes that an absorption-hke boundary layer st (Joshi, 1945 b),
ionie plus molecular, is formed ou the exited walls ol the ozonizer, that this
layer 1s charactenised by a low work tunction so as to allow ol photo-clectiie
comssion even under extremc red which is insufficient 1o cause a direet photo-
wnisation of the excited gas; that these photo-clectrons are captuted hy the
atoms and molecules ot the gas, on account of their elcetron affinity enhanced
by electiical exitation, to form negalive ions whicl, ou accounl of their low
mobihity, Ining abeut a dimnution of the discharge currenl as a space charge
eftect .
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. Itis well known that the adsorption process is exothermic aud hence,
according to the Le Chatelier-Braun principle of mobhile equilibrium, the
amount adsorbed at equilibrium should decrease with iterease in temperaturd.
"I'his has actually been tound to be the case for numerous adsorption reactions.
Now, since Joshi's thcory also contemplates an ‘ adsorption-like boundary
layer (s)' (Joshi, 1945 b) formed by the jons and neutral molecules and atoms
of the gas on the walls of the ozonizer as the chief seat of the phenomenon
of the Joshi-liffect, it is to be anticipated that the adsorbed layer would be
deformed or destroyed by rise of temperature, resulting in a decrease in the
uumber of photoelectrons with the consequent reduced fall in the discharge
current.

Lvidence has been adduced by one of the authors (K. 8. V.) in his work
on the Joshi-Effect in H. that sclective absorption, by the gas. of the incident
light cannot be the cause of the Josli-Effcct. Earlicr, Joshi (1945 a)
had shown that the Joshi-Iiffect in Cl, cannot be the consequence of selective
absorption of light by chlorine Ile obscrved that while chlorine absorbs
sclectively chiefly in the region 6400 T 2500 & with a pronounced
maximum at 3340 £, the production of the cficet of as much as 15% occurred
in the ycllow region of the spectrum (¢.2., radiation from a sodium vapour
lamp) where absorption by clilorine is minimum and only 3.5% in the
relatively more absoibed and mtense red band, wviz., 6100 to 7100 &. Now
the following considerations would appear to furnish additional evidence to
establishi the abscnce of any relation between seleclive absorption of the
incident light by a medium and the production of the Joshi-liffect in it.

That photochemical reactions, in general, possess temperature coefficients
of small magnitude, ranging between T1.04 to 1.4 15 well known. It was
thought that this lemperature cocfficient might be due to the increased light
absorption by the 1eacting system at the higher temperature.  This led to
the investigation of the influence of temperature on the ubsorption of light
by various systems. ['hus Ribaud (rgrg) studied the absorption of light
by bromine at vaiious temperatures. Dobbie and Fox (1921) observed in the
case of chlorine an vxtension of absorption towards longer wavelengths at
higher temperatures  Later Kuhn (1926) studied the influence of tempera-
ture on absorption in the region of the band absorption spectrim around
sooo &. It is seen from his data that the temperature coefficient of light
absorption in this spectral region is 1,12 at room temperature

'hus 1If selective absorption of the incident lJight were to play any
significanl part in the production of the Joshi-liffeet, an enhancement of
the effect should be expected at higher tempceratures on acount of increased
light absorption. ‘The observed decrease in the magnitude of the effect
with increase of temperature, therefore, pownts to the conclusion that the
effect is independent of any sclective absorption .

T'here are stiong reasons lor not identifying the °photoelectric layer’
. responsible for the Joshi-Kflect with that due to mere plysical or chemical
3-1738P—1
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adsorption. ‘I'he fact that gascs like NH, and SO, which show large physical
adsorption do not show the Joshi-Effect as 1cadily and as markedly as other
gases, e.g., H,, air ctc. which show poor physical adsorption, discounts
the possibility of any physically adsorbed layer as the seat of the phenomenon.
Smmilary the anti correspondence between temperature and Joshi-Tiffect rules
out chemisorption as the sole cause of the phenomenon, since chemisorption
15 favoured by risc of tempcrature. ‘The fact that electricul exitation for
various periods, 1 ¢, ageing, is necessaty before the system develops the
Joshi-liffect and that the magnitude and cven the nature, i.c, sign of the
Kifect depends upon any pre-trcatment given to the walls of the discharge
tube, such as coating the walls with various substances, points to a “yariable
adsorption-like layer ™ (Joshi. 1945). Further electrical cxcitation will give
1ise to particles of various lifc periods and activity and in the absence of light,
these particles deposiled on the walls of the containing vessel, due tp their
surtace activity may give rise to an '’ excited layer ™" (Joshi, 1946a)
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