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1
ABSENCE OF L.F PULSES IN THE DISCHARGE
CURRENT FROM AN OZONISER

8y
G V Bekors
Deta tment [ Chemisiry
Mahamsjas College  Jaipur

[Abstruct: The discharge current {rom an czoniser is examined
by oscillographic methods  The results indioate that the
discharge ourrent consists of a xlnusoidal current of th frequancy
of the exalting potential and the h. L palses of 1-8 hilooycles
trequenoy Ths obeerration of Deb and Ghosh (1848) on the
1. £ pulses in the discharge cu rent is tharsfore, not supported.
The absepos of 1 pulmlnth.dlnhnrqaoumtunhm!ob-

in acoord with the h of P d by
Harris and von Engsl (1851} ]
INTRODUCTION

That the discherge ourrent from the ozoniser has » compousnt
the frequensy of whichis very high comparsd to the frequeney
of the appHed potenilal it well known (Warburg 1024). Kl mene
Hinterbarger and Hoffer (1037) pointed out that the b, f current
comaists of » groat many clsly pecked unidirectlovel pulses
rather than th h. f. oscillatlons as origlnaliy thooght of The
mecheniem of thesa b f. pulaes have been discrmed ln greeter
detail by Deb and Ghosh (1848) and very recently by Harrls and
von Bogel (1051).

Dab and Ghowh (1848) from sn osofllographio study of the
discharge currents alasified the h £. puless into swo heads

(s) Group of pulses conurring doring a part of the half cyele
in whish the individual palscs sre separately observable,
These ars termed as L. 1, pulees.

1} Group of puless fn which pulees are demwely packed and
ron into one suother Thess are termed ash { pulsea
Buppression of thess h.f pulees under light caness
Jothl-efleot— Al



Howerer the frequency ranges of b f pulsesand 1 { pulees
bave not been montioned 8¢ also the capacity wsed to by pass h L.
but not the 1 { pulses

The terms b { and 1 { pulses have been frequently nsed in
the literature on Joshj-efeet withont speciving thelr frequencics.
For example Prashad snd Jain (1947) sttribute deoreass in the
rolative Joshl-effect, —% At with inoreased exelting potential to
the predominence of 1 1 eosrent which agoording to them s

oly © to the production of Joshleffect, — Al
In tha light of thess fucts it was conridersd desirable to determine
the frequenoy ranges of the h.f apd L § pulses from sn oscflllogrs-
phic study of the discharge current from an ozonlser

EXPERIMENTAL

The experiments] srrangement is indicated in Fig 1 Alternat-
ing potentlsls of 50 cyoles frequoncy were stepped uwp by s
trensformer (1.20) and spplied to caoniser ocontalnlng purified
ehlorine at » proavare of 150 mm. The dischargs curront was made
to flow through a resistance Re15 000 obms and the P D aoross
the resistance B was spplied to the vertieal plaos of » single beam
ovstllograph (suprome 5i8) and the discharge czrrent in dark wes
stadied st diffarent applied potentisls with and without & by puss
cepacity The osolflogrsma are reproduced (Plstes 1-8).

DISCUSSION
The owoillograms of the discharge ¢urrent in dark with and
without by pam capecitien at variony exciting potentials indicats
that the minlmum capacity to by pass a part of the h. £ pulses fs
0 003xF while & capacity of 0 025aF completaly by passes tho b f
polses and only & amooth a. ¢ trace s obtained,

Aceording to Harris snd von Engel (1951) the totsl pulse
time i about 210 ' seo. This glves thefrequency of b { pulecs
as fvo kilocyoles. 1f the ylses by prased by » capacity 0.004sF
have a frequency of flve kilooyeles the frequency of the pulses
by pamed by a eapacity 00252F bat not by 0003aF wlll have s
trequonoy of approximately s Klooyole The pnlses by pamed by
 capacity 0 025aF are emontinlly the h.f pulses It therefors,
appears that the dischargo oorrent oconsists of a sinoscidal
eorrent of the freq: ¥ of the Iy T tial sod the h L
pulses of frequenay 1-5 kilooyeles. The abeemoe of 1 { pulses
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having frequensics intermediste botween the frequeney of b.{, pulsey
and the frequancy of the s o exoiting potontisl, s thuy svident,

Deb and Ghoab (1048) heve reported the presenos of 1
pulses {n the discharge current, Theee aothors kave repeog
osolllograms which show L{ pulees when the bf palwy =
by pasmad by » cspecity Unfortansisly thess enthona hars ot
mentionad the capacity which by passed only the b {, pulse wl
benes nothing cun bo seid sbout thelr observations,

Dob and Ghosh (1045) have slso provided an exphuag: f
LL pulscs they claim to have observed.  Acoording o th':
suthors “Elnmumlndb‘mproducodhym%m.
towards the loetrodes bus they are unable to produce eom s
¢ rrens and are pertly dcpmhadnmﬂwmm"“"
romain as polarised spaoe-charge. mmm'@'lﬂi(h
P harg geth e “l']' the "W‘-ﬂd;‘dm‘
discharge stopr.  Which of the two mﬂm.qhmwwh

1 primacily determinative of the stoppage depends of oomrse
thelr relative denalties. But as the applied s. 6. voltage =
{n course of ita ayols, the breakdown voltage is sgain
ing the neutralisstion effeat of the surface wng \e

churges. There s agaln fonestion and sgaln deposttion of purpe ™
charges and increaso of spase-charge hhnﬁﬂwiﬂflmalhdmh
again peutralised and the discharge again stops. The
mythmbonpauadlnumbcrolﬂmuuﬂodndnmgm““m
of the inereass of external flsld becomes slower than the fte o
mutmlbﬂouulﬂn-mebytnomnolthe-uﬂuemd“.m
aharges. This staring and stopping of the dh"h“l“ﬂ‘hﬂ..
the L 1. pulses. to

Ont.honbcnmmhmhmﬂ:ellpulnllhonumrmu‘
Ineroasing park of the a. . voltage <yole ou the othachang “:
pulses (which according to Deb and Ghoah are dus to e iy
charging-of the surfscecharges when th applied voltegs
through fta xero value) shonld oocur wh o the applied o
-pasaing through ita sero value ThemﬂlosnmfnrthnLL::
(when the b L. pulses are by pawed with capadlty) rvproduesq
thess anthors indloat xhut.h-LLpul-eﬂpwronth-nm.p‘
of the voltage oyl where h.{ palses are also observed,
wakmnb.arnwmnotmmd'hh the m &
the 1. £. pulsees they kave propossd i




According to Harris and von Engel (1951)  “The glams walls
act an condonsers which are charged by the lonlmtion ocurrent
fRowing throug! the gae. When the field in the ges {s sufficlently
strong, 80 initia] cleotron atarting at the negative wall will cause
at elestron avalanche in the gas  thus electrans are driven to the
peeitive wall and positive ions to the negative one  Positive lons,
Jight and metaytabl atoms will release further electrons (as in
counters with tnsulated walle ) and a series of avalanche develops,
This Increase (p the number of electrons and fons and the eorres-
ponding rise tn the ourrent would anly continue if the flelds in the
e remsained nnchanged  Bsoauss unlike charges oollect oo
oppusite walla » voltage drop develops soross the glas walle, Bince
the applied potential fa s~nsibly constant during the pules time
th p.d woross and the field in the gas are thus gradually lowared.
Constquently the rate of fonimstion and current decreass and
approach xero values.  This aocounts for their cbservation of h.f
pulses nesr the peak valne of the voltage at lower potentiale. “Af
higher potentials the currens pulse can be sesn to ocour during

the whole time interval between successive peaks of the

od voltage However the polarity of the ourreny pulses re<

.. the same although the applied velage changes sign Thia

10llows from the existsnoe of wall charges field the fleld in the

gas which {s the difference between the insantansous yalues of the

appHed and the wall charges fie}d Is slways in the same dirsetion

and #0 the current must have the same polarity  Further for

an elem ntary sroa the number of pulses per helf cyols eannot
Xoeed peak applisd voltage divided by the starting potentlal

It will be clear that the crigin of h.{f. pulses proposed by
Harrls and von Enge! (1051) takes into sooonnt the starting and
topping of diseharge due to depowition of wall charges snd the
discharging of the wall chargea the former according to DeB bhdt
Ghoah (1848) give rheo to L £. pulses while the Istter gives i ‘to
b f pubsea, Thos the considerations of Dob and Ghoah {I548] 4te
taken into socount by Harrls and yon Engel (1951). Further the
considerations of Harrs end von Engef (1051) do not suggest the
presence of | £. pulses in the dissherge ourrent, Thus the reported
abeence of L1 pulses fn the dlecharge oarrent is in agroement
with the mechaniem of h. 1 pulses propowed by Harre and von
Eagel (1851).



ACENOWLEDGEMENT

Grateful thanks are doe to Prof 8 8 Joshl, Princtpsl Collags
ol Belencs, Banaras Hinda Untverstty Banarss and to Prof M. P
Boorawals, Head of the Department of Physios Maharajs's College
Jadpur for thelr keen interest and encoaragement.

REFERENCES
1 Deb 8, and (Mlss) Ghoah ¥ 7 Ind Chem Bo 1M, IS, 400
2 Harts W L.endvon Pugal A Proo. Phys Boe Loud. 1851 65,910
3. Elemses, becger & Hofler X ML bem, 1937 4, TO8.
4 Prashad B.N andJein T O. Pros, Ind. Aead. Nel 1847 35, 515
5. Warburg ® X Teah. Physik, 1024 5, 165



2
VARIATION IN THE PROPORTION OF H F
CURRENT WITH APPLIED VOLTAGE
IN OZONISER DISCHARGES

By
P V Bakors & G V Bakore
Depariments of Phyics and Chemustry
Maharsge s College Japur

[Abstracti  Deb-Ghosh axplanation of the decreass in the
proporilon of h | current is shown to be based on assumptions,
the velidity of which ia questonable Based on the discharge
mechantsm of Harrls and von Engel, an equation is derived which
1ndioates a decrease in the proportion of h { durrent with increase
in the appited voltage.]

Results of Warburg (1024}, Joshi (1846) and Prashad and Jaln
(1947) indicato that the proportion of h. f corrent decreases as the
applisd voltsge is decreaned

Deb-Ghosh (1848) bave dertved an equation which indicates s
decrease in the proportion of h. f owrent with applied voltage
If { ts the percentage of b 1 cwrent in the total discharge current
M the extinot voltage (at and below which discharge stops), V the
peak valos of the applied voltage then

df kVm -3
av = T (Vv Ve

whers Vm is the threshold p jal and k is a
depending on the capacity system in orontser and js less than 1

The sbore derivation is based on the following amumptions

{) b { pulses are produoed by the neutralisation of surince.
charges when the spplied voltage iy passing throogh its
gero valae

(/) The b f current s propoctional to (kV —3I) which fa
the opposing voltagoe set up by the surfacecharges and

(i47) The total current is propoctional to (V —Vm
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On the baxis of Deb-Ghosh mochanfsm poises should always
osonr when the applied voltage is pasing through Ha sero value
Oscillograms of the discharge current and the appled voltage
reproduovd by Harria and von Engel (1051) indicate that as lower
spplied voltage the pulses ooour a4 the peak valus of the applied
voltage: while ot higher applied voltagee the pulses ocour during
the whols time Intetval between the smocessive pulses.

The current pulte on the discharge mechanism of Deb-Ghosh
depends on % whers o js the elestronio surfececharge. Theh {
pulses ooour when the applied volisge 1 pessing through its zero0
valus, At larger applied voltage the enrface-charge is large  The
rate of change of surface-charge i therefors large The pulees
should, therefore ooour together orfand the puks size shoamld
Inerease with increased voltage. The clustering of pulses has nod
been observed Purther th average pulse height and its duration
do not change appreciably whh applisd voltage (Harris and von
Engel 1851). It will thus bs seen that the sevumptions (7)) and
(/) are not Justified. The oxcniser disoherge can be regarded as
s positive and negative point discharge (Qlocker and Lind 1939)
and i similar to wire In oylinder type of discharges The
dischargs current I, for whre in ylinder iype of discharges is given
by the squailen (Loeb 1839)

I=0V(V =V = e ()

where V ia peak valoeof the pplied voltage Vo the‘threahold
potential and O is & constant depending on th pature of the o,
1ts preseure and the geometry of the cxoniwer tube  The
current cannok thersfore be taken as culy proportimal o (V—Va)
s hes beon sssumed by Deb-Ghosh.

In our opinion the discharge mechankm of Harrly apq ven
FEogel socounts well for mosb of the known facts abows ogonixer
discbarges. The mechaniem can briefly be stated as foflowy __

A pubse starts when the fliolds in the £ which iy the
differ enos between instantansons valuss of the appijeq and 4ha
wur! co—charpe flolds exceeds n oritical valus d"’?'ndlmzontbc
pressure and the natare of the gae. Mmh“‘odaudvhb

h ring » small Y A% In eddisten ench

.
Fulnhmp-ﬂodbynohmpdwwm'bhh may P
partial only sud need o -




For low appiied flalds when thers fa only oo pulw per hulf
oycle this single pulee originates from that elomentsry ares which
has the lowost siarting potential at that tims. The next pnbe
originates from & differeny ares boosuse their starting potential
rony change

At larger spplisd fisldy the pulse would only parthdly
discharge the sress wod the wall eharge fleld would ehange in
stops. This would explein why the palses heve the wmse sign
whether they ocosr before or after xero applicd field It also
scoounts for the constancy of the avorage height of the palses
Taking the starting potential and the avsrage size of an sree us
belng conttant, the change of surface charge I8 proportionst to
the starting potential.  Also for an el y vroa the number of
yulses pot half oycle cannot exooed pesk applied voltage divided
by the siarting voltage Howsver the number of pulses ctasryed
aro vory much Jarger than this which suggests that s number of
slementary sross was being discharged.

Also the wall charge fleld for an ares Wwill not remain
covatant betwoen two palses beosuse disshurges in the neighbour
bood as well as surfaos eondithon may change its valus Further
dtscharges along the lnner emrfase would ocout if the potential
differenco betwoon two adjacent sitse oxoeeds the corresponding
breakdown vafos ™

Om the besis of the above mechanism the number of h.t
palees is oqmal tun-g—-vhm n ls the nomber of elsmentery
-

areas dlscharged, V U tho paok applied voltage amd Vo the
sthreshold potentisl, The svermge pulse height do not ohange
sppreciably with spplied voltage (Harcis and von Engel 1051) If
k ta the current per paiss the b, { ewrrent, 'h. 1., I given by

1, v
b L=k =
=k o _V.._ v
The total current I {s glven by equation (1)

{=%ofh emtu.‘f_!_vloo

Ln.‘}l;xloo (Lmld
TV AT O tV vl



For & given oxonleer tube containing & known gas at the same
preasure Vm b conatant {f other extermal eonditions like irradia-
tion, {onking radistions eto. ave unaltersd

df _ (k.o 100 1
&F={0 Vm)x(V—Vm) - @
Equation (3) gives the warlation of the proportion of b, {
ocwrrent with the applled voltage. —ddlv is & negative qoantity indic

csting that the propoction of b, £. current decresses with {noresse
in the applied voltage

Gratefal thanks are due to Prol. 8 8 Joshi, Banaras Hindu
Unlversity and Prol. M F Soonawals, Maharajs's Oollege, Jaipur
for interest and encouragement.
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NEGATIVE JOSHI EFFECT IN RELATION
TO APPLIED VOLTAGE

T
M G Bhatawdekar N A Ramaiah,
PAysics  Depa twmenst Department of Chomisiry
Mahacan 5 College Unversity of Dalhi
Jaspur Dath

Abatiact 1-—The axglanation ofiered by Khasigts aad Setty foy
the {nbibitory action of applied potential on Josht Eflect, tn light
of Peb and Ghosh s theory for the phenpmenon, was examined
oritioally a few lmitations of the theory were vlso polnted.

Dutslled invoutigntions of Professor Joshi and cowotkers on
Joshi offeot vis. a photorsduotlon ( A7) of the rims value of the
dischargs ourrent  sod the assosinged (b 1) pulsss cbserved on a
cathods ruy oeofllograph, have established that the effect Afls
{nhiblted by largs appliod voltagos, this appeatod to be & general
obarastoriatio of the phenomenon. Reowntly Khastglt and Bettyr
explained the varfation of A; with applled potentls! [n terms ot
a0 (nteresting methanm daveloped by Deb and Ghuh™ ats
¥IggUrLion doo to Profemsor 8 K Mitra. The pressnt communle
eatfon roports s fow remarke on the above

According to Deb And Ghoeh, the paless detestod on & croars
of two types ltow (ladivideal and separatsly observable) aed high
(denmiy packed and tunning tnto one another) freguendy palses.
It 3 voggestad®™ thet () low frequency pulses sre due 0 stopping
#nd startlng of disckarge by the wirface and spacechsrget of
electron and ions sad by the inereaxing altetngting fiokds reapes-
trely ()b 1 palses ary mantfeatations of eparks restltsd from
vtttallaation of surfaceche gee of oppoeite tigws ( f clectron end
Postltos (om! formed on th two Pass slscirodes And [o) iradistion
fibsraten efeotrons from the o de wall to reduoe the correspon-
dipg enrfucecharge demalty nd therefors, the b £ pulss  henos
the Josh! effact




The following may be mentioned

{f) Khastgir and Betty! state thet eloctrons which move with
much higher veloolty reach the anode side and deposit & negutive
charge on the glass surface and the positive fons which hardly move
awwy from the anode form s posltive space chargo near the negative
space charge on the inner glasy of efther elestrodes  This does nok
asem to be correct from the following oaloulations which sh w that
foe the Intereloctrode dietances of the systems givinp large Joahi
effeat, the formation of positive ionic space oharge in the gua phase
{s neglig fble by the time the alternating fleld asquires after th peak
value its subssquent xero value st which point only neutralisation
of opposite oharges, resultingin h.f pulses iy maximum and
ocomplets  For the stadies of 4¢in oxygen Mohanty used am
oxoniser of Interolectrode separation of 175 mm, th threshold
potentis]l wes 2700 volts, the peak walne being ‘—3800 volta,
Amuming that th mobility of posttive jons ts I-0 om/sec® and
employlng the formuls® for the velocity I ions In & system
composed of coneentrio eylindery it ean be shown that the velocity
of jons et the peak value would be “~3000 om/sec and that the
fons would crom the Interelestrods spasing in 6x 105200 (4 In lest
than 1/80 of the time of the quarter yole It therefore follow
thes the positive jons crested + the poak valus of s .o potential
are sweps out compleisly towards the cathode mueh before the
time by which the alternating potential fslla to xero. Bimflar
caloulations for external slesve exottation inlodin vwpoar and
other media suppork this dednotion. This eircumstance will be
moro facilitated the groster W th  pplisd potential Thewe
considarations aro in agreement with th viows of Deb and Ghoah
(af 5) wnd suggest that th later statement also mede by Khastgl
and Betty uis. *with lnoreaxing voltages, it ia  vident that the
poaitive lona will move s little further nd their distance from the
negntive spece charge will slightly inerease neccesisting a alight
incrsase in th voltage necessary for a disehargo ar discharges to
pams betweon the negative surfuce churge and the positive ion  fa
ineorrect. Further the ourve O of their Fig 1 ahould thersfore
be parsllel to x-axiy unlik that represented.

In this connection, It may be pointrd out that Khestgir and
Betty representod the surfaos aharge collected at elther electrodes
in dark and under light as « fonotion of apphed voltage by the
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ourves Aand B Sinoe alternating potentials were employsd it
wonld huve been appropriate to mention the voltage breakdown
peak or subeoquent zero valoe of the alternsting oycle st which
the surface charge ropresented on y-axis was oollected ab elther
olsetrodes. (If it were to be the breakdown valme for & fixed
P and i lectroda ion the surfaeo charge woald
be the same whatover the uxtornllly applied (effective) potential
may be in this ease the ourve A rune parallel to x-axis. It the
peak valuo were to be taken into scoount, the curve B woald
colnaide with A sines at that instant Jight esnnot Ilberste
elootrons from the anode, However if the cironmstances at the
zoro valns are visualised, the soale on X-axis appears fo have
10 mexning.)

() Khastgir and Betéy polnt ous thas “at higher voltages
however the increased seriea reststanoe of the discharge ciroult
cor ding to d d internal resh of the discharge
tube unh:l the pulses highly damped The amplitude of the
puleatory ourrent is therefors much leam st hi;her voltage so that
ultimately the effect of & d d i and the
photoreduction eventually falhs off with !uruwr inorease of applied
voltage” That the decreess of intsrna! resistance § ¢ the produ
etion of ephanced number of ¢lectrons and lons, causes a rednetion
in the pulses which sccording to Deb and Ghosh are due to
surfscecharges, does not appear to be logical. It In difficuls to
visullse how the increased number of lons and elestrons oould not
form the surface-charges In fact, at large flelds the entire current
trace iz csually scperimposed ocompletely with h.f. pulses
forther tho current (observed with snitable detsctors) oarrespond
ing to 1 { snd b { pulses as also their entlrety ocontinuously
inereased with voltages beyond those values which decressed the
Joahl effect *

(1) An far ax the verlation of Joahi effect with applied
voltage Is d, s dk fon b the ozoniser disch
tobes and others fitted with sdjustable sleeve electrodes {s made
While in oxonlwers the Josh) offect after & maximuom value
decreares gradually insleove tubes A varies similarly and vanishes
sltogether with continnous rise of voltage In this connection
Hhe present anthors wish to emph that this distinotion je
not anivers! though pot incorrest The magnltude and Tange
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{voltage) of oocourrence, of A oven In osonisers depend wpon
inter alra the suriscs sondition.  In ome serbes of experimant with
czonisers soms of which were degaswed for the remoral of adsorbed
water vapoor layers Saxens sand Bhatewdskar obasrvod that 4

in fodine vupour snclosed In degateed vossols was ax much as 97%
TRRr Vi (335 volta 50} and decroased to xero with an inoresss
of 440 volta abors ¥ while in nondegumed yowels 4 was sbout
0% near ¥V, and ocold be detacted ws mentlonsd by Khaatgir
snd Setty over a wide range ol applied potontial (It appesrs
therefore that the reecits obtalned by ihees suthors refer to
ozcnienrs of which the preadsoched Wayers of H,0 OO0, eto are not
rernoved prise o the infrodostion of fodise waponr into the
xystem, this is & very fundamental precauntion ons has to take into
socount sepeetally while desling with a phesomenon oomosrned
‘with aurface-changes )

{tv} Khasstgr and Setty farther remark that in csae of alesve
dmchargs tobos “the amount of negativa surface charge  will
docreams atoadily Uil ab some high voltsge the surface charge will
not be adeguats for the discharge 10 take place between # and
neighbonring positive foos™  Actual cheorvatioms do nod support
this statemens. Even with aleovs excitation, at large v sufficent
encugh to inhibis Joahi effect, h.{ puises much mors in mumber
than datected at low ¥ were noticed. In this soonection, it may
be intersating to recsli the followingy sentence from a publlahed
peper by Jstar who has repocisd for the fird time the resnltsin
lodine vapour under sloove axcitation “Oscillograms correspond
{og to largs potentisls  show that ‘the number of b f pulses
foereassd markedly rapidly'  Bince sccording to Deb and Ghoeh
h. 1. puless are dus to neutrabmtion of surfsce charges the above
chaervrtion contradiota the suggeation dus to Khastpir and Betty
that at large ¥ in sloove tabes surfase charges are not furmed.

{v) Tt may be pointsd ont thet Khestyie and Satty maintained
thronghout « viw thes whenever . . pulses wers prodoced in 5
ystem A7 could be dotoried wnd cace tersr Onuﬂkognph;,
sindles over & wida runge of experimental conditiona show that ghy
production of pulwe oo ero fa ¥ charsoteristio of the disehaspy
while A7 s their suppromion under light, a ot observed upder
conditioos favouring socption.  For sxample st enhagesd tampa



14

ratures, sy 200 O the current trace under known oondltions of
pressure and potentis], was completely full of h.f. pulsos
howerer no Joshl effect conld bo detooted.

A very significans observation of Professor Khastgir may be
rocalied  “Over a dofinite voliage rangeabove Va (is. Vi to Vo,
Fig 1) the discharge will be completely stopped on {rradintion end
the pulses will be quenched altogether Tho photoredustion of the
pulnatory current will then be given by the ocurrens in dark
Tuis indioates that In above voliage range the percentage redue.
tlon of omrent under light amounts to 100 Pasentlelly similar
rosult ofy, 100% Joabl effect, war recorded in ohlorine air
mercury vapour ete, employlog detectors like microammeter
vaouo-funetion, eto™ This would suggest that under these
eondttions light inhibited not only the h. ! puleca but aleo the ! f
pulses, The suppression under light of thews last Is not
warranted from the sbove mechsniym due to Deb and Ghosh
sines in the courre of increasing reglon of the alternating voltage
from breakdown to above values, in which time the | {f pnlets are
produced (of a) externsl light cannot stop deposition of or liberate
slectrons from the anode  olectron emimion from the anode
f¢ incomprohensibl b d release of el from the
oathode leading to further electron avalanches, will on the other

hand produce more pulses,

I¢ may not be out of place to consider in some detall
the suggestion () of Deb and Ghoeh regarding the origin of Joshi
offect. In one half cycle ¢ , when one elestrode i negative and
the other positive elsctrons sre depostted on the snode and the
positive lons on the cathode TWhen the alternsting potentlal
acquires {ts 2ero yalue light depending upon {ts intenslty rolsases
rome number of slectrons from the eleotrode which fs hftherto as
the anode: the other eleotrons remaining on the wall an surface-
ebarge it I contemplated neviraliss with positive fons Ista
worthy of enqulrv of wh t will happen to the eleetrons released by
light  These alsoahould neatralise with positive fons rather eurly
than the surface electrons unreleased by light, Thia suggests, there.
fore thst the number or/and helghts of the h.f pulses determined
by the amount of nentralisation, thoald be the same In dark snd
under light.
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(Aot added to thr proof )
A eopy of the manaseript of this peper has been sext, on
Tth Nov 1832, to Prof. Khesigir to whick be replins to one of os
(N A R thet s & roealt of the calealstions and other fsgtoes
loged ia the {oation, ho has altsred bie Yows regarding
the peodustion of pulses and evpesiaily the pomibility of poritive
fon sceamulstion fn the gas phase {n & fow freguaney .0 disch rge
An gocount of his current views based on the strvamer meshaniam
of Lowh and Meak, has boen published late in Scremce & Culin
{F b imze 18, 384, 1853} It may be remarked that ih  idews
regarding the atreamer meeh nom of spark disharge with
nn&dhccth:rm! pctenﬁah are inapplicabls to discharge with low
isls  The detsils of the srguments
und:dyint this mttment will be published elsewhers




4
INFLUENCE OF SORPTION OF GASES ON
CONDUCTIVITY IN A/C SILENT
ELECTRIC DISCHARGE

By
M G Bhatawdekar A P Saxena,
Diyvica Dapartment Holkar Collsge,
Maharuja s College Jaipur Indoxe
K A Rajo, N A Ramalah,
Ch emistry Deparimient Facully of Sciemcs,
B H U Banamas University of Dalhi Dathi
[Abatract:  Ch: of fodine b and water

vapour on glase suiaos as a determinant of the aurrent ¢ passing
through an cxonlser excited by BO oycle potentisls, was invest-
gated 1o acid treated and untreated discharge tubes  In thests last,
i decreased markedly rapidly and attained saturaion within 5-12
mins. The rete of dearsdse of ( cheyed & powerdiime law  Acid
treatment of the vesssls { ¢, removal of surlace alkall affecied
markedly the tion of the d Y bly dus to &
change in the sorption.]

INTRODUCTION

‘The eflect of sorbed gases on photo and thermo-electro our
rents has been well investigated It was observed as enrly as 1603
by Cantor? and later (1699) by Knoblauch that substances when
exposed to ultraviolst Light, lost some negative charges Chrisler
foand that this phenomencn vy, pboto-elsctrio eflecs, could be
eliminsted complotely I csrtain cases by the removal of oceloded
gaves.  When ring was freed from all active gases by serapping b
in vacuum no photo-clestrlo floot in the metal appeared evident.
Simflarly when all ocoludod gases from potassturg are removed
the phototloctrio effect disappeared entirely  Ementially Hke
results were obtaived by number of other investigatora, While
the dats of theabove workers smphasised the favourable Infloencs of
adsorbed gases on photo-elestris effect, contrary findings {ndicating
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their inhibhory actlon on electron libersilon from metal by
light, were slso recorded  Thus Btoletow found that the photo-
eleotric effect from plaiinum increesed when the adsorbed gases
wers removed by heating i to 200°0  t 700°C the offect was
twioe that at laboratory temperature  Bimflar data were obtatned
by Varisy and Unwin * Tt was shown that ths photo-electrio
sonatiivenem after emisgon of oceluded gares was definitely larger
than the offect noted befors the sxpulston of the gas.  The above
cuntradictory results received explanstion from th Apdings doe
to Paech  that the photo-electrio effect of & motal was dependent
upon the paturs of the gas cocluded or adsarbed such as hydrogen,
axygen, osrbonmonoxide ete. It b s been emphasieed by
Hallawacha  that slectropouitive gases osose an increase and
electromogative gases, & decresse  Further a distinotion was made
botween the gas gheorbad within the body and thoss deorbad on
the surface of the metal Adsorbed gases retard the escape of
eloctrons, whil absorbed gases ald the Ifberation of eleotrons,
spparently by causing some internal agitation. These viows ate
substantiated by the data on thermo-elestric effest This pheno-
menon was well investigated by Langmuir  end othera. It was
noticed thet thermo-elestrio effeos of tungwion wes markedly
inhfbited by sorption of axygen and not restored even when the
metal was heated to >3000°C to exolude the adsorbed gaw the
frreversible diminution of thermo-eloctric effest of W by cxygen
was atiributed to the formation of a compound between W and 0
Bimflar dats wers obtained by Richardson and Bosworth
Aueh advancement {n the studies of sorption was aehi ved by the
{ondamentsl investigatioms of Langmurr  According to him, there
exint & fixed number of tomlo gr ops or siies per unft area of
the wolid surface on which alone adsorption of a gus atom or e
moleculs can take plsos (vids § f a) Thess adsocbed stoms
depending upon th Ir eleotron affinity rotard as mentioned by
Hallawachs 1 the escapo of eleotrons

While photo and thermo-cleotrl eurrents nd the Infla os
thereca of edescred Blare roceired moak Hemthom, ¢be neredon
of the discharge ourrent with th surface nature of the lectrodes
especlally with eolid dielsctrio materfal was not investigated, It
hes, however been mentioned that th discharge ourrent and the
mechanians responsible therefor are markedly dependent upon
the workfunotion of the eathods chisfly the gases adsarbed om it
This factor has pow been investiguted in some detall

Lo N
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THEORY & METHOD OF INVESTIGATION

In general thare are three processes which ooour when s gus
B brooght in contact with a solid absorption diffuston and
adsorptlon. i 1 The phenomenon of absorption refers to the
intake of gus by the entire bulk, while diffusion deals with the
Paviage of gAs atoms or moleonles throngh the {ntermoleonlar
capiilaries of the solid snbstanss®  In the last proosss, adsorption
 known quantity of the gus Is taken up by the sucface and yurface
slone of the solid  Thess thres phenomens are summarised by o
single name worption ® Among thees adsorption s of marked
importance and the only procsss which ja found to ooeur st
ordinery temperatures, with sobstances like Ou Al Au Ag, Pt
glasa, otc  which ars in common use as sleotrode materisl it is
the adsorption prooess only that is referred to In this paper

Adsorption s prinotpally of two types the instantancous and
slow processes. VWhen s gut is sllowed to come in contaot with s
olear solid subst nes « known amount of it, depsnding upon the
temperatare nd prowsure thereo! is taken up instentansously-tt
it is a3 thed in this omse the gas exists in the foarm «of
multilaysrat ¥ of moleoulte held by some nonspecifioc foross.n
This process 1s also referred to as phy lcal, multimolecular or yan
der Waals adeorption  This by followed by the slow process: the
maximarm time necessary for the Attainmens of saturstion Is of the
o der of » fow hours to years?? The large time recorded was nog
due to slow diffasion, stnco thes ecrrespondi an shown
by Herbert™ varied cherscteristically with pressore It was
further emphsatsed™ that the long Intervals noted at the saturation
tlime in the slow procest were not untenable from the following
theorotical dderat] It fa teed ly %% »follgwing
Langmulr thet thers are & deflnite number of atomio groups ar
sites per sq om. of solld vurface on which sorption of & gas parilols
can take place it {a further amumed that thess atomlo groups are
crable o thels 2ormal sondition 40 adsord and reguire firm 4o be
acirea od before they actuslly combine with or sdsorb amolecule
or an atom (the snology wes taken from the formation a cheomical
compound by the nnlon of two of more stoms; this mechanism s
therefore referred to as Langmuir s well khown chemical theory
of sorpiion) the necosssry energy being obtainad from the exolted
stoms o¢ moleaules arriving from the gus phase to the eolld sarface
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due to thermsal movem nts. It has been stated sbove that mo
sooner the gas is Introdnoed Inio th system oontalning node
surface vun der Waal s sorption in which the gus exists in the form
of multtmoleoular layera skin to those of Hquld phase takes placs
instentaneously A gax stom or a molecule with enbanced
exottation nergy should therefore dive into these layers reech
the Langmuir wite and transfer ity nergy to this laxt. The rate of
wsoepiton depends uwpon the probabilisy of the exotied atoms or
molecules reashing the solid surfsce oontsining free Langmuir
sites; sorpiion attaink satumsion when thess last are complely
ocoupted. For obvlons reasons thix procew is slso referred to as
Langmuir sdsorption ahemisorpiion or activaied adsorption.

As mentioned sbove the rate of chemisorptions depends
upon the probabillty fsctor regarding the aoceasibillty of th
exclted gas particles to the solld rface ™ TUnder discharge the
population of excited atoms or moleoules and prosumably their
reaching the surface arec exceedingly marksd on ecoount of thie
vorption under discharge is expscted to be yery mpid, as actuslly
obssrved ¥ (ody nfes) From this {4 follows thet whetever
processss  that ooour under ordinary conditions and during
dlscharge refer to one and the same phenomenon vy, chemisocption
or Langmuir dsorption.

The influsnes of Langmuir edsorption on the eleciriosl
conduetiviiy of & gas wan now Investigated, For thie purpose the
disch tubes wore d for the removal of sdsorbed gases
«nd & known guantity of & gus was introduoed therein and exoited
by » fixed potentiul The vanation of ita current waa studied
a4 regalar interval of time doring ths progress of sarption nnder
discharge.

EXPERIMENTAL
Description of the discharge teasals  Biemen s type disoherge
tubes were used. Thess wers pecially mployed for the present
tudios on ecoount of the fact th § no metsl surface would oome
in contact with th gas under investigation. It i wellknown thai
the data on sorption of & gas from discharge tobee ars highly

Theusver the rate of corpilon s mentioned. 1 refers 1o the slow
pmﬁl’u&dbﬂuﬁnu&«k‘h—d Tsorpiion ru physieal ar van dor
Weal adesptiea; the rate of Prevess fo iveb
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complioated by loss or galn at the metal surfece Tho uee of the
Siemen's tubes is however open to the objeotion of allowing slight
liberation of gases of/and formation of certaln sucfase compounds
dne to the eleotrolytle nature of the oonduction of elecrioity
through glass onder conditions at which the experiments reported
hersin were earred, the abore procossss wers smsumed to be
minimum (1rde infra)

The following are the dimensions of & typios! one of the
disoharge tubes used

‘Outer diamster of the outer oylinder 205 mm
Inner - 180
Outer dlamster . ,, Inner 130
Ioner [ 100
Length of the cylinders { verage) 4200

Bome of the oronisers were immersed In chromio acld for
about 24 bours and then washed repeatedly with bofling distilled
water These worn referred to as aofd treated dieoharge fubes.
The others were smployed a» prepared {, o withont aold-treatments
and regarded as antreated vewsels.

Ontgassing Temperatrue —The suriace of the disohargs tvbes
was {reed from preadeorbed grees by the following procosms, The
vewsnls were enclosed in an asbestas chsmber fitted with heater
cois (Fig 1) They were maintained at a temperatare of ~.210°C
for about 15 hours the temparature wa deliberately kept < 350°0
for the roasons moentloned below The evolved gases weore
condensed fn e trap (L, Fig 1) conneotsd serially to the discharge
tubes and cooled by liquid sir This process was shown experl-
mentally to be appropriats for the removal of gaves from glam

vrises by Retauk snd Sslem® A sample of sods glam was
outgasmed for 15 hours at 23 100 200" and 300°C and adsarption
keotherms of water vepoar on the degassed sarface were doterminsd.
The dats showed that the amount of gas adsorbed for a known
telatlve pressuce i d with i o upto
*00"C no varistion therein was noticed s umpenturu >200°0
This suggested that outgarming at 200°C for 15 hours was efficlent
for the removal of adsorbed layers from glass surface this procedurs
was in agreement with the fladings of Sherwood and othera™ ¥ who




11

thowed that when glars was outgamed a4 {nereasing temperstures
aorfaco Iayers mainly H,O and 00, were evolved ad 200°C. A#
higher temmpersiures, >300°0 eontinuous Mberation of gases was
however noticed presum bly dus to diffeston from the interior
or/and & change of the constitution, on moconnt of decamposition,
of the glass. In the prosant series of experiments connected with
adsorption prooess which is related with wurfuwoe changes, th is
almed not to compHeate the affuirs with other processes oy,
diffusion and beorpilon *ithe interlor of the solid is left
undisturbed and the changes are conflned to the removsl and
replacement of superfcial lapers ©
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Working Vollage —The discharge tubes wers exolted by
alternating potentials of 50 cycles and the current was mvagored
by » microammetrr vacnojupetion or a eryatal detestar  The
detalls of these were given in & number of commnnioations, ™-*
henos they were not refterated here

The ozonisers were worked at potentisls just near the threshold
potentisl | . the significanes of which for the reast! ns under
dischargs In general, and for the pbenomenon Joshi effeot in
particular has been smphasised by Prolsesor Joshi® 1t ia fonnd
by the extrapolstion of V  ; oharasterisél curves (Fig. 2) to the
potential (V) — sxte, Thos for water vapour (p=31 mm Hg 30~0}
Va was 080 kV and the potontlal employed for the studies was
068kV
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Detarmination { tho Threshold Poteatlal  w ter and iodin vapow

hils uring the csonisers, the followlng may be taken into
convideration —

When pure hydrogen was exposed to elestrodelen disoharge
In glass vessels in which electrolytio cnrrents were maintained a

fow denaible prod wers o) B apectrovwapto studiea
revesied that these last comisted of water snd the correnponding

decomposttion products® In & discbarge in purs hydrogen, the
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souree of oxygen sppeared ourions This received milsfactory
explanstion from the ideration that glam was %0 be regarded
s 3 solution eonmaining NaySio s electrolyts, Of the radieals
liberated ai ihe eloctrodes under discharge Bio, et the snods would
breakdown into B#0 and cxygen atoma which combined with
hydrogen molecules to form water Bimilar products like earbon
monoxide oxides of nitrogen eto wers notlosd with axygen,
nitrogen, eto. These evolved guses will naturally complioate the
dats on sorption and allisd phenomena,®

The formation of osrtain surface componnds under dischargs
is known. Rodebush and Klingslhoefter® obeerved s white deposit
on the glame walls when chlorine wes snbjected o an sleotrodeless
dimch and L d it tos P d formed betwesn C1
atoms and the constinnents of glam. Kellnerst obtained a wimilar
eompound when bromins vapour was oxposed to cxoniser discenrge.
Lundeking® estimated the amount of NaI/KaI0 formed in lodine
vapon discharge Duringth oourse of oertain experiments carxied
out with & viow to explain the obeeryed disparity in the influence
ol ageing on Joahi effect in wateas vapoar in sodd treated and
untreated discbarge tobes 7 Ratnem and Devi® obeerved by
qualitative methods that when water vapour w s energised in
oxoniser tabes compounds Ifke NaOH wers formed.

The reactiony leading to the liberations of gases and the
formation of ocertain surfwee compounds under discharge are
cmontially due to th electrolytio nature of conduotion of electriclty
through glasa ¢ Profemor Joshi® has shown thet in general, the
rats of & chemical resotion und r discharge fs determined by th
potential &uff renve (V Va,) whers | i» th  spplled volisge

mployed for studying the reactlon I8 f lows from thus that th
smaller th differsnoe (V-Va) 1. « th nearer the potontial to Vg
the lesd marked is th rate of the remetion. The voliage employed
for the present studies was maintained very near to the threahold
potential such that th  bove chenges would be minimum,

Furihermore Ui would feoliftats &f studies of dissiergs
mostly concerned with the surl ee of the slectrodes, since 1% was
ahown inth follawing loation® that st tals near Vg,
the mechanisms relatsd with the eathode o ¢ the Iiberation of
eloctrons therefrom by positive jonlo bombardment (Y) sod
photons (sgg) was predominant, while at large V>V the other

P
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processsy aneonnected with the mrface and eoncerped with the
a0 phuas (8) piayed an tmp t role in the i of the
dischargst’

Gaess savertipated ~In the presont invwstigation, seater ipdine
and bromine vapoars wers studied. Water vapour wes chialned
from pure lignid water kaph in asnall balb ccancoted serlally dothe
disohsrge tobes through & stop-cock T, (Fig. 1) ia premurs wea
computed from the knowledge of the standard vapour presars
dais. Indine and bromins vapoars wore obtalned simitedy from
the ecrresponding »0lid and ligeid snclossd in the balbe

EXPERIMENATL PROCEDURS AND RESULTS

For the first serbss of sxperiments earried oot with waser
apaar tha oxontwer of the dimendions given abore wes nsed 1t
was degaseed snd filled whh water vapoar (p=31 mm Hg 30°C)
by opening the wp Ty (Fig. 1) Tha srstem wes exclied Ymme.
distely 7 e within I/X oun after e Inbroduation of the gas, et
048 KV Tha variation of the discharpe current at interyals o 30
soce was toted  thows dats ate ropresented graphieally by esrvo
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1, (Fig. 3.) Aftor one set of experiments, the vessels wers opened
to atmosphere and later ; o after one sy outgamed as described
earlor They were oooled to the laboratory temperature slowly and
fllled with the same amo nt of ga8 (Payo =31 mm Hg 30°0 ) Curves
® 4 (Fig %) give the data obtained with prodischarge intervats of
%0 mins, 3 and 5 hr It was interssting to note that the
conductlvity was excerdingly large ot the first Instance of recoeding
and deoreased markedly rapldly with time Thus In H,0 vapour
was 88 pamp t1 min and 35 pamp «t O min  further exposure
to disoharge did not alter the oondoetivity uppreelably Simflarly
in todine vopour  was 288 end 161 (rslative nnitegslvanometer
defiootions) n 30 weos and § mins respectively (Curre 1 Fig £).
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2 4 [ 8 o 12
Time of exposure to discharge
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Varlatien of the Discharge Current with Time [ Exposurs to
Dls harge]l A Wireated and U treated Dw berge subes.

Like dats wero obtained in bromine yapour The current ttained
sstoration within an  ppreoiably shoct time interval Thos for
wator vapour the onrrent reech dthe minimum stationary val
within 10-12 mina, while for icdi ¢ and bromine within 46 mun
The minimum seturation value of ¢ for & fixed electrods separation
end gas premare eppearsd to be the mmme whatevsr nay be the
predischarge jnterval (Curves 14 Fig 3) The results in Fig. 4
further show that the above time variation of the discharge current
is markedly affected by acid trestment. In weid treated oxonlsers
the condastivity rem ined unsitered within experimental accuraoy
(of Curvesland ., Fig 4)



DISCUBSION

The following are the imfortant coneluslons from the foregoing
resalts —

(1) Theconductivity of a gas introduced into a deguseod
Yome! decreames markedly to » minimom valos
oharscteristic of the system and pressure.

{3) The timo-rate of decreass of is exceedingiy rapld.
(3) The rewults are markedly affscted by aeid treatment.

It has beon reported in the previons communication 47 thes
the (& ourrent in & dmcharge is glv n by

-8}
milemp) TR ®
amg LB =

Here ,=n, ¢ where o,  the number of primary slectrons, of
charge ¢ to ba releaned from the cathode surfece «nd respomsible
for the prodacticn of elsctron avalanches The Towngend firm
coaficlont « depends npon the position x In thd nononifoem feld
Further when  ia much grater than the second oosfiielent g the
equation (1) i written as

5 as
=g 2 T (6]

«—g e

From this, i is olear that the ourrent and the crestion of electrrm
avelsnches are fundsmentsily governsd by n., « and g The
Townsend sooffieients o and g depend upon the spplisd fleld snd
gus promure  For a fixed potential fed to the discharge tube of
known dimensions, the fisld under the exporimental conditions is
constant. The gas wea obeerved™ to d with time
of exposure to discharge This sapsot wex well investigated In
hydrogen by Johnson,B the pressure of hydrogen as messared bya
micromanomster construeted specially for the purpose remained
senyibly constant when the system was kept unexcited whon the
Bolds were applisd, the bydrogen content decreased rapidly to »

ini, value. The d was of the order of 003-0 04 mm
Hyx The theoritical comalderstions on electrieal dircharge n grses
sugpest that & reductlon in gas pressurs inereases the curremt,
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a3 agtually observed @ The result (1) reported above in this paper
the d of the ductirity wan ibuted to the reduction of
the primary elestrons on acoount of progressive soeption of gasew
under discharge This ja in acoord with the obsecvasion that photo
and therme-electrio eurrents decreased with ¢h  adsorption of
slectronegative atoms (or mo! These lssb on oooonnt of
thelr electron effinity oaptrnre slectrons and thus retard their
esoape from the surfece B

Th abovo considermtion suggests that if § represents a
Langrmurr site oo olean gleas wurface sarption of {odine atom thercon
and the snbssquent capt re of elestron can be represented as

§ + 1 — s* + I
s+ 1 ~— 5 1

s I 4 electron — § 1 (o)
This formulation would empheties that atoms adsorbed on glass
rotain their electro-negative ch This b wnvald

the ourrent visw that atoms are held by Langmuir adsorption on
gluw by hering en leotzron from alkali atom 1n glame

The rate fourrent dooreass glves s siriking suppoct for the
above vl w that the adsorbed gas 18 rewponaible for the fluding ().
It ls exosodingly rapid and ttaimed saturation within 5-13 mins
Ewsntially similar result s, rapld  te of sorption unde discharge
wos recorded by & number of investigstors. Employing speotro.
scoplo methods Taylor obeerved that the disappesrsnos of hydrogen
in hydrogen-nean tubee was socomplished within & mins As
mentioned above Johnson™ tudied th sorption of hydroeen
under electrodeless ducharge nd ¢ nd that the ssturation m the
presare—decresss attained within 4 mina  Willows and Georges
investigated sorption under disoharge of yarious gases and notioed
that it was eomplet in 58 mins

Further Bangham™ has &h wn th t the rate o} sorption e
gat on glass fa well represented by th { Uowing relationship
Bk jim - (0

where 8 ix the mount adsarbed upto timey mandk re constants,
This equatlon was found to be appileabl in a number of
aystems™™ not only with glas sa an sdesrbens but also with a
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variety of oryatalline and semi-oryatatilne solida 4, y teking up of
fodine by charooal™ sulphurdioxide and ammonia by sodinm ebloclde
and aaphire 4 ammonis by csrborundum powder™ and uxygen by
sattvatod graphite 8

From the shove argument if we meke an asyumptlon thas
the deorsase (37} of the corrent upto time ; s dae to the wmount of
gro wdsorbed one wonld expect that

()=k ©m - n
1t followa therefote that
log (3))==log k -1/ log ¢ [\l
Te b instructivs to sce from Fag & thet log (8) variea sensibly
linearly with 1og ¢ s required by the equation (vi)

4

[ 02 04 O8 O8% {0 i2 4
tog t
Fua &

T rhation of log (€ jwnih log ¢ {a {odine vapou { wrvs 1) and water
vapea ( mwre %1

Tt may be mention d that washing the dischatge tabes with
acld solnttons altered markedly the above dats. Simllar remits
ware obtained {n Joabs eflect (). While fn unirested ozontvers
the effect con'd bs observed immedistely n noid treated vewels
& cortatn amount of sgring was fonod neerssary to initiate pf %
This divparity was attriboted to the presense of alkalf on the
sarface of former typs of ozoniscrs which enbanced scepiion to
sid the ocearreties of Joah! effeet. Even in the measxarements of
sorption of pascs the prosence of alkell o glxes surlece playad an
frrpoctant role ™ Faradayd ohasrved largs adsorption of water
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vapour ou glam and tHributed it to the existence of alkall when
thix last was romoved by washing glas surfuce with asids on
nppreciable sorption was noticed Similac date was recorded by
Warburg and Imhoriw and Harrles and Bchomacher ¥ This
catalytio activity is however » goneral festurs of such polar
sobafancrs  knDowledge of & znmber of reastions which are
controled by th prosence of trmoes of som polar wubsisnes s
availl bl #  Norrah™ has hastsod that the \, d
sotivity of gas rvactions in the pressnce of smeall quantities of
NaOH KOl eto is due to the distortion onsocount of the sirong
local dnturbing fortes avaflabl at the surfese of the polar
substance in the stable oonfiguration of the molscals such that
these Jaxt become moes vulnerable to bo sttacked. Lennard-Tones
end Dent® envieged the various foroes existing outside the
sarf oo of the polar subetance —(s) direot electrostatio foroe
between lona in the solid and in the free state ontelde it (3) forees
of attraction dus to induoed dipele in the eentre of an atom or fon
and the elestrovtatic fleld ( ) foroes due to polarisstion in the
substanoe by the from charges outaide; and (4} van der Waals
foreea.  Of thewe, van der Waal {oroes play & primary role  they
“ant an the first agents in the process of adsarption of stom or fon
srd the elestrostatic {oroes serve to olinch the capturs of ultimate
adsarption,
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STUDIES OF JOSHI EFFECT AND SECONDAPY
EMISSION IN A LOW FREQUENCY
ELECTRODELESS DISCHARGE®

By
M @ Bhatawdekar
Phystcy Dopa ¢t o
Maharasa £ Collage Ja pu

A. P Saxena, N A. Ramaiah
Departmsnt | Physes Depearime ¢ of Chemtry
Holtar College hodore Univeruty of Dathy Daths

{Abstzact: Cathode ray cemilogrophio studies of a low
frequency electrodelesa discharge in fod ne vapour shownd the
extstance of d (farent types of pulwe of thess tha longer ones
{ )} ptoduced by the dary slectrons rel d irom the aathod.
ware inbibited, while the shorler pulses ¢ ) dus to photoiontsstion
of the gas pariiciss in the oathode fall region wers fxvoursd by
extrrnal hght and spphed {ields At largap veluss of thees last
snother kind of palses 1 J unrelsted tor or( ) wers noticed
their origin sppearsd unknown  While the nomber of () was
unafiscied that of () was deorsassd by mognstio flelds.

The date gave sp experiorenisl avidence for the Inhibition
ander Iight of the secondary emission from the cethode further
unitke in d o discharges photoion sation in the gas phese

PP d { for the of the disch now
investigated.}

INTRODUCTION

1 Profemor Jothi & discovery of the phntovariation ('A<
oraally though not invariably dim nution of the disthsrge
conducetivity snd the number of the amoolated pulses obeervedd
on » cathode ray ocecillograph opens s new fiold of research on
electrioal dmoharge in gasen. The significance of ths secondary

The work reported here w  rried ou In the Chemieal fab-
orateriae Ha sra Bmdn U (yemity Bs ran
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fedon in the mal of » disch (vide snfra) has been
mphadsed,t4 1% wus of Intereat thersfare to investigate the
offeot Afand other fastors mentioned later The present commu
nioation reports the detailt of & few stndies made by us from this
polut of vlew in a low frequency leotrodsless discharge in todine
vapour

THEORY: A BRIEF OUTLINE OF THE PROCESSES IN
ELECTRICAL DISCHARGE

2. In the begining we propose to give & brief resnme of the
variona prooesses occuring in elsstrical dischargs in gases 1t Is
{slt thet this wiil be not only of a help to future workers in this
fleld, but aleo sliminates disarepancios in employing s few symbohs
The method uanally followed by Professor Lenard B Loeb under
‘whoso able guldance this ocomplicated subject hes advanced to
« vory large sxtent, has boen sdoptad.

Ordinarily there exists [n gases an exoeedingly small number
of slectrans produced by ionixing effecta of rdioastive and ocemle
rays. When large flelds are applied to the eleotrodes separsted by
& gas, these free cleciTons soquire energy snd foniss atoms or

Joculea by Melastic colliions  jonisation by eleotron impaot 1
the chief feature of electrical diroharge (Townsend) The
resuliing electrons in their furn repeat th procesato y! W eleotron
avalanches which are prlnu.ry for determining the eleotricel

d ity in » h The itud of the ourrent iv
controlled by the number of avalanches produced in unit time

Depending upon the origin of carriers of elesirioity electrical
discharge In guses m y bo divided In to two clamses®  nomeell
maintainsd and selfmeinteined dioh rge In th form  ihe
prmary electrous revponaible for the prodmotion of selestron
avalanches, are gonorated by som external sgoncies ke rdicastiv
or light rays. The discharge sxiita so long as thess lust are in
operation. This may be Il d by the invol ed
in the Qelger reglon of the ccuntern. The potentia] spplied
betwean the wire and the ylinder of the ecunters Is but sufflelent
to energiss slectroms t0 cause joniestfon by oollilon this will
happen ouly when onos an elestron s introduoed {nto the system
by external agencies In a selfmaintained discharge “the gus
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intenstfied photo-slecirie or ionisation onrrent developa »
mechsnism by which new electrons ean be genetated in sufliclent
number by secondary proceasse in a sensitivs portion of the
diachatge to roplsce extermaily imposed {ontwstion™ Thet b In
1he ouse of & il 4 dlacharge the tos developad in
ibe disocharge spaco o g photony, poaitive joms eto  produce
electrons whish in turn causs avalanches and their generaters, s
oyolic operation takes placs  This will happen when the externally
s7plied voltage is inrper than s minimum wslue we ctn roughly
take this value as the threshold potentisl v, which ts in use for
long time in this fleld of ressarch and the significance of which for
the dischbarge reactions in general and for the effect & in
partiocular hus been emph 4.7 The threshald p tie] Vv I the
dart ng podentsal of a selfmminta ned dincharge

The varicus socondary prooesese sotivs for the selfmsintained
discharge are as follows —

4 Inthe gas phaee —
{ 1) tonlsation and excitation by electron mpast
{11} lonisation by positive jon impeat,

(i) photo-slectrie astion In the gas, and
{iv) action of metastables in the gus

B. At the cathods —

(1) slectron bombardmant

{ i1} podtive lonic bombardment

(1) photo-siectrio effecta

{iv) impact of metastable etoms and

{ v) field orurrents

The first process (A 1) is generaily referred to aa Townsend s

a mechantam is defined as the namber of slestrons ereated by
jonisathin of gay particles by clectron Impact per em advance in
1he fisld direction by » single eleetron. This f the only process
ococurring {n the Gelger or nousellmsintalned reglon (vide wipea)
The current  dao to this process b givens by

imi 6™ m

Hers § z3n, & where n, is the number of primary elsstrons of charge
¢ and x the slestrode separation.
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The signifl of the cther p for the sellmsintained
discharge hes been emphsstsed by Loeb of these Iiberation of
elecitons from the eathode by positive fonle hombardment (Bif)
referred to y mechanhm and by photons ereated in the gas (Bili)
meutioned as 1 § g proooss ( 4 s the number of photona produced
fn the gas by an electron in advancing on om path In the fleld
direction £ M & coustant representing the fraotion of photons that
can resch the esthode end m ia the fraotion of photons which
produce slectrons that suocsed in leaving the ocathode) are
important. The w Il known g proocssss refer to any one or marm of
the sllowed sooondary prooomses (All-Br) while 7 and n ¢ £ indieate
these lost mentioned specific meohanwms (Bli and Bil). The
Townsend cosflicient g s defined as the number of new eleotrons
orcated by s positive fon during its m vement per om path io the
fleld direction by lonization of neutrs! ga pariteles ¢ The inatants
necus ourrend In a discharge is roughly given by

ilmp o A= @
g ol Bl =
T
._i."i‘ ®
l—r(- "—1)
o T
or ‘-uw [3)]

In (4) alsthe bsorption coefficlent of ph ton in the gas. For
the detalls { thess squations and espeoially for their altered naturs
in nonaniform flelds, the read is referred to th  uthoritative
troatise Fundamental processes in leoirioa] discharge in gases by
Loeb

The above characterintios are roughly true for discharge with
slternsting flolda, ewpeolslly when ihe conditiom are not ocom-
plicatsd by sctumulation of space charges the prooessss under
theals ciroumstances are by no means fully understood.

I myln-uuuud that in  reesot sommusieatien Dr Arsfher®
o from ibe satbods by phetons as

y-meshaniem and by positive joms aa G-wsesbaniem: this ls howerer

dmunum-th.mumm 1 repressatation.




38

It may be pointed cut that in discharge with solid dlelecttio
olectrodes like glass the oontributlon of secondary elsotrons from
the cathode matsrial is, however limited or little sinos unlikeina
meta! the fres oleotrons referred to as Fermi gan  are negligible
in glass  Eleotron embsion from glass is [mprobable. It is there-
fore, assumed that the eleotrons deposited on the glass walls in
the preceding half oyole snd remaining unneatrslissd on acocans of

their dfeleatrio natore o the dary ton, this polnt
hasbeen well developed by Professor Jatar™ of Bsugar University
EXPERIMHENTAL

§ 3. In the present investigation oyllindrical glams tobos
with oloesd ends were employed (Fig 1y they were filled with
fodloe vaponr at a desired prossurs  They were exoited by external
sleove slootrodes (B, and B,) or metalile diso eleotrodes (T, and Ty,
Fig 1) fixed exiernslly ot the ends of the tubes, slternating
potential (0. 5 to 8kV) of 50 oyclea/sec were used. The ourrent
storoture was invostigsted by s cathode rmay asolllograph (C. R. O).
For this purposs & Indnet sitative carbon resist.

R was introduced in the eireult u:d t.hn potantisl developed soroes
R was {ad to the deflecting plates of the oscillograph (Fig. 1)

L y
N x
S o -

C.R.O,

Filgl

Fra 1 ll

rimental st up{  the ceoddlographie sindles of | wirsques y
dls » rge ln lodine vapon
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RESULTS AND DISCUSSION

§4 1 KNatwre f the Puisesr. Fig 2 gives a typleal series

of osolllograms repressuting the eurrent struoture of a low frequensy
leotrodeless diacharge in fodine vapour (p=0 47mm Hg) st varled
applled potentfals It was obeerved that an every hall syele of
the cwrent trwos were produced some transioni pulses, By sultble

—\,_LLEI\_‘,r

L

Y

e Une by
Fic 3
o Abe sarreat in 1w ireque ¥

eleciradeiens diechargs hu lodims vapous in dark and wnder light ot
(118 ()16, ()28and () TSk (0 ay lea/bws).

sdjustment of the controls of th o r o that fa, by inoressing the
swoep frequency th naturs of a single pubse could be sindled. It
appesred generslly (v1d srfra) an u oritioslly damped wave (of.
Fig 2a) compased of two phases, one representing & very steep riso
and the otber s slow proocas of deeay of the onrve The pulss Is
defined by Eorff!! as the patential drop of the asode Iy hea been
mentloned that under fialds the eleotrops aoqualire ensrgy and jonise
ga1 particles aud yisk svalanch The produosd el depoalt
themselves on the ancde- In an appreciably shart time interval oo
nooount of this, the corrcsponding potential docreases and this
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rednotion ts menifeated in the form of the steop rise of the ourrent
trace of & pules The latter part of the onrve repreeents the
rocovery of the ancde potentials to its narmal value this is
however comparatively s slow proceas; it fs duse to the deposition
of dow moving positive iona produced in the svalanche formation
on the cathode It was estimated that the total pulse tim wes
approrimately 2x10- wect Ay pointsd out earller * the (repstl
tion) frequency of the pulses observed ons ¢ r o. corresponds
roughly to th t of th Trichel pulses (of the arder of a fow ko/sec)
detected in & negative corons

Fio 3

X ture of jaise 1t diftersmt | tersl trode separstbons 1)
(«) 13 mam and (}) 80 mm,

When the electrode separstion (r) was large the wave {orm
especially in th later phase of the pulee wes fourd to bo of
demped natare (Fig. 3b) Thix irregular bebariour of the deelining
part of the surrent trace of & pulse chiefly at large ¥ woald suggest
that it may bo connected with the positive lon ascumaulation or
spacs cherge shown by ule—uhdom to be possible even with low
requenoy p ials at enh 1 de soparations like 8 om.

4 2, Tspes f Pulss ard thar Orgpin, A study of the

1 in Fig 2 indicates that onder ordlnary conditions
(vide /m) there cocurred chlefly two types of pulscs—{1) the longer
fubses and (i) shorter pulses From the definition of o polee 1§
follows that the larger the potentlal drop the longer ls the pules
helght. The longer pulees (i) were thersfors attributed to
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h d number of svalanches oreated by fast moving electrons
reloased from the cathode by 7 and=m # ¢ prooem (of §2) while
the shotter pulses (i) were prodneed by aval dby
tleotrous formed In the gas phue by other secondary prooe-e- (8)
Invariably pulees of largs ampiitnds oecurred in the beginning of
the corrent trace and then the sharter ones follow; it seoms there.
fore that when the sltrrnating potential execeds the breakdown
value of the medium the y andm ¢ ¢ mechanisma take & significant
part in the inltlation of a discharge and lead to the production of
{favoumble eir for th development of other dary
proocwce.  For example the photons produced in the course of the
farmation of avalanches ieading to (), msy be beorbed by the gas
partiolos to regenerate electrans which give risa to (H)  As will be
whown later photofonimtionm in the gaa phass appears primary to the
shorter pulaes (i)

$4.3 | 1 wceof Appl ad potential on the prod iction of Priss.
The oscillograms in Fig 2 further point ont the marked dependence
of the production of the pultes on the appiled potantial vV When
this last was not wnflofent enough to csoss a selimaintatosd
discharge L e. 8% } <1, the curtent trace uuder simple enough
conditions sy in the absence of external light, was but sinusoidal
withont any superimpoaftion of sny pulsss When Vv was joat
equal to Va, remarksbly enongh the longer pulses cnly were
observed {n every half eyale these were roughly of squal height
indicating that the number of avalanches neecsary to ecnstitnte »
patve was sonsibly the same for every puks Inoressa of Vv decrenssd
the number of (i) and imtiated the shorter pulaes whish oocorred
always after one or & group of longer pulses (vide supra)  Further
th shorter pulses sleo wers roughly of the sam amplitude
Pleatrons ereated by th  photoionimtion of & gas particle chlefly in
the neighbourhood of the catbods coquire energy under fields sand
start lonimtlon by inelastle collinons with stomns snd molecules
approximately from a fixed point  away from the cathode {Fig 4)
The generation of elostrons incrrascs however initlsily wxponen
+ially and decresses as they receds from the esthods to weaker
fields. Ther0m production contimies until the fisld becomes too
wesk 10 came onbmtion by collision, The reglon between this
poind (say ; see Fig &) spd the earlier one ( ) from which
lonleation by eleotron impest predominstes, may be referred to
roughly as the plaema rasion of the dfachares under {nvestiration
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It may be mentioned that fonistion of the gas partfoles between
oathode and the point » s not exoluded and cocurs by the rapidly
moving electrons released from the cathods by ¢ and m @ g processes
(Fig. 4).

Cﬂ‘gl:g?:nlqll Anode fall
region
AN aN
] - -
——b" - 1
! — —_
| [~ Plasma -
: 3 region =
= ]
| — —
[ -]
1 -
c r 5 a
Fio 4

Plasma reglon In | w frequen y elestrodelsms dis barge.

At much large | the produstion of the longer pulses was
inhibited apprestably ocaly one pulss of this typs eonld be deteoted
at the begioning of that phese of the alternating oyele at which
and above the voltage wes enongh tu cause ionimtion by collislon
This pulee petrsisted over & wide rangeof | Under these eondi
tlons the ourrent trace was suporimposed over an appreciable part
of it by th pulses of type (\l) it apreared that the discharge t
theso potenthals waa fntained by the p
responsible for (il Thi ob.ernucm led os to suggestd th t
photolonimtion in the gen phase wss & algnifieant secondarcy

hanlsm for the mal of » low frequency electrodeless
discharge in 10dino vaponr It may be mentioned that this feature
‘bringa ont & distinction botween low [requenocy discharge and that
with d ¢, potentisly, sinoo in this last case {t has been emphasised
that the sbove mentioned process ls Insignificant espocially in »
nonheterogeneous gns
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The inhibitire effieot of large flelds on the production of lerger

Ppulses, was remarkable (iher warkers appeared to have noticed
ementlally similar resclts in chlorine no distinetion rogarding the
different types of puhe- s tlut pointed out in the pressnt paper
could however be P bly & marked diff in
the heights of polees (1) and (i) might not have existed under their
experimental conditions” this cire mstanoo will deflnttely ocour
arder conditions favouring large lonieation rooes or wide plasms
regionx; st a sugpestlon due to present senior authoe one of us
{M G B) bas investignted this fastar and the detalls will be gi en
elsowhero!® The inhibition of the pulses with enhanced | it w ¥
argued, was not due to the photons created in the conrws of time In
which the previous pulse oocurred. T4 follows from that at large v
i d {oni b d on the olectrode surface canses
di lation of adeorbed molecoles to ylold stoms orfand radicels
with large electron afiinity- thess capturs the sscondary eleotrons
{contributed by electrora deposited in the preceding half eysle sod
romaining unneutrslised on account of th dielectric property of
the glaas walls, vide §2) to be released from th cathode by v end
n 4g prooemes and rewporwible for (. In gases containing metas
tables @ g. in chlorine th same v th dissociation of surface
sdsorhed molesules to inhibit the sscondary emimicn, ean happen
with the high enorgitie and long life-particles”

1t may be pointed out that t ) 1., altogether differsnt
kind of pulses (i) bave been notioed. These ooonrred chiefly +
th end of the half eyels and had roughly the same height as th
polses of type (f) (Fig. 3d). While the pulses (i) or (H) ppeared on
the current tracs regularly one after nother thess new pulres
found their place intermingled with (i) with no sequence what
soover Th p lses (i) or () were flocted by external radition
(vide infra} whereas this last appeared to have no tnfl enee on the
pulees of type (ifi) deteoted in fodine vapour The origln of these
puless howevs Dneeds further investigution

44 [affucwe of [rradiafion  josil cfect  The data fn Fig. .
farther show the effect of exposure of the dischargs tube to th
light from & 200 watt (zlam) bulb At potemtials | below | a
espeolally in the pozselfmaintained reglon of th discharge frrade-
tion initiated the shorter pulees (Fig 28) this was mentloned a
posttive Josht effcct +A7 At V=1 extcrnal light inhibited
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markedly the observed longer pulses (Fig. £b) to give the negative
Joaht effect, — A  this last attained jnvarlably its maximom e
thu potentia] |, Remarkably encugh the decrease fn the
number of the longer pulsves under light was secompanied by the
simultaneons production of shorter pulses (Fig %) thiv indlcates
the co-oconrrence of positive and negative effects, -+ A7 sntioipated
from altogether different atudies with the observations of the rms
val e of the curront and its vuriation with the determinants like
external light, ita intensity and frequeney and the resitanco and
capacitanes of the measuring olrenit, ete At potantlals abore
1w the osoillograms under light contained only the pulses (ii)
which were of the same height, characteristio of the Gelger or
nonsel{maintained region of the discharge in which Townsed
~mechantsm only was operative but the externslly impressed
voltags was known to be snough to malntaln the secordary
processes alsa.  Thus indi d that light inhibited these last
espeolally from th csthode as {llustrated by the proferentisl
inlubition under light of longer pulses which were produced by ¢
m# gmeohaniams It may be pointed out thas st V»V, (Fig 2d)
the une longer pulse which ooourred just at the beginning of the
{onising phase of the slternating cycle could only b suppressed
This obwsrvation would strikingly suppoct the above mentioned
inhibitive aotion of light on pulses (i). Farther irradfation initfated
or/and increased the number of ahorier pulses thoso wers of the
s1mo properties a3 those produced st V> w, in the abeence of
externa] Jight, The favourable influenos of irradistion on the
aco rrence of shorter pulses suggosted that of the varfous processes
(seoondary) ococurring in the gas phase and respomlible for (H)
photoioniastion in the guseont medium was fundamenta! to theie
production.! It may be argued on slmflar grounds thas of the
two procemses vis, ¥ and m ¢ g, responsible foc () positive lonko
bombardment on the catode (¥) i primary to the longer pulses
howerer the evidence fa insdequste to confirm this deduetion

For the ocourrence of the eflest A; Profossor Joshi!® suggests
that (q) under discharge an adsorption-like layer conairting of
exelted partioles, jons and electrony, and charaoterieed by a low
work function is formed (b} electrons are emitted under Hghi
from this boundary ] yer (c) negative lon formation das to
eapture of these photosleotrons by excited noutrs! particles,
espoolally atoms or/and radleals with large electron affinity causes
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» ourrent decreass an & wpace charge effect and (d) uncaptured
eleatrons and their seoondariea give tho posaftive fleet +Ay Th

obeerved photo-inoreass (+Aj) of the rms value of the current
and the initiation under Hght of palses st potentlals |} <14 wa

reported to be In striking agresmens with th postulates (3) nd
(d) Capture of slectrons i possible only when their veloorty in
low when this last inoreases, the probability of their being
captored decreases, £ e the population of uncaptured electrons
{noreases. From the considerations put forward in this eommuni
catlon olectrans released {rom the cathode by any mechanism and
unhindered by subidiary procomses especislly on socount of their
largs velocity should lead $o the prodnction of longer pulses, but
not the ahorter palses a8 observed (Fig 2). Farther at constant
light frequency inerease of applied | from vwlues below threshold
potential to those above V., will cause the velooity of photo-
electron larger and larger  this should reduce the probability of
leatron capture and leed to larger powitive Joahl effect 4 3¢ at
V>Va then that observed at V<Va how ver t y»i,
apprecisble negative effoct is obeerved

Harrios end E gel and ons of m™ (N A R) ruaxe-hd
simul y that light ta the diesoclstion of
beld by van der Waal s forces on & primary Langmalir layer on the
slectrodes, to yield atoms or/and redicals which red os the
scoondary emimdon to give th negative Joshi efleot— ¢ The
positiveoffect + A ladu to photolonisation of pre-excited particles
on or/and in the vicimty of the eathode * The suppresion of the
longee palees and the ereation of shartsr pnises under light follows
from this hypothexis. Thars are h wever & fow cxperimental
findinge, unconneoted with the present studles, which cannot be
explained by this mechantsm also. The lim!itations of nos only
thess two sugyestions, but of all surface layer theories f the

b are dl 1 ol u

45 Influemce of Externel Magnct ¢ Ficld  Owciliograms

ined when the disck tebe was subjected to a tr
magnetio fleld 17 were roturned {n Fig. 8 It was Interestiog to
note that 4 (—d00 gaos) decreased the number of the shorter
palses only 4 had no effect on the longer palves.  The following
will help to scecunt {or these observation  Fig. 8 represents a
rough pleturs of the processes ocourring in one hall oyols t
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H=410gauss
Fro §

Oucillograms representing the  tlon of extecnal msgoetls Seld on
the pulbes { low frequenay slsetrodelass disvhargs.

a plane eathode and anode in a magnetic field, The id
mentioned below will pply only to ctroumstances whers there Is
o0 wecnmulation of (posltive lonie) space charges in which case the
dit} aro highly 1 d. Calonlations showed that with
low electrode separations (x=20mm) snd low frequenoy (50
eycles/soo ) potentlsls the posttive fon accumulstion is Httle It
is not necemsary to state that in the abscenoe of magnetic fleld
the path of the elestron is in the fi Id direction, Under otherwise
conditions the path Is determined by the electric and magnetie
flelds electrons o & unifrom ff more in ciroular paths whese
(Larmour) radin R B given by the well known equstion Rwm
¥/f{ ¢ where m/e is the mtio of the mam to charge of an elestron
and v its velocity determined by the fleld® Jn Fig 6, A at the
cathods { U region represents the trajectory of sn o!r*-nn making

no collision with gas particles, It ~d slasimin
in the absconce of iy will enter
1o the prodoction of electron av »

deflects thie electron way from
loads to & }oas In the genemtion
however cannot have any |
reglon sineo the carrc

effect on the fust

to ¢ and m g proc
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on the longer pulses (v spra) In Fig 8 B refers to the
trejoctory of an electron causing an inelsstic eollislon with a gas
particle as ft I8 d flected awsy from the jonistion sone the
resulting lectron possesses very little inlifal velooity nd ita psth
will leo ba cyolaldsl At the anods (of. Fig 6) the d flocted
trajootories of elsctrons making eollistons (B) or no collisdon (4)
‘with atoms do not lead to appreciable loms {n jun sollection ak the
anode when ¢} are ved out of the disch wpace doe
to (H) (of trajectory A ) 1% how ver leads to a decrsass in the
number of {ons to be collested at the anode This is referred to
the enhancement of diffoslon coeffi lent under §y which causes to
a reduction of the verage palse height bui not tha inhibition of &
complete pulse The lots of an lectron In the cathods fall region
ocsnves & red otfon in th  velan he production, while thut in the
waode fell regioT leads t5 Jovredss b the alestion of & frwr oo
st the node. The cbeorved inhibition under H of polses of typs
{if) wppears therefore to be due to the former reason From the
studles of the rms valoes of { snd the varistion thereof under H
1t hax boen dedueed in & revent featl that the changes
occurring in the wnode fall reglon are significant the pressnt
osolllographlo data are however indicative of & contrery osncluston,

PP
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COMPARATIVE  INVESTIGATIONS ON THE
COLLOIDAL BEHAVIOUR OF PRUSSIAN
AND TURNBULL S BLUES AND
THEIR COMPOSITION

By
Ram Sahai Saxena,
Chemistry Department
Herbert College Kotah

[Abstracts In this paper the offect of un! bi, te and
tr tons on the il of Prusaten and Turnbuli s blue
sols has been studied under vary ng oconditions of conoentration,
dilulon purity and age of the sols. The sols bahave normally
with varlous slectrolytes on dlalysis dilution and ageing The
abnormal dilution eifect with monovalent electrolytes has been
explained on the basis of lomo antagonism The coagulation
values of electrolytes in the case of aged samples of turnbull s bloe
and prusslan blue of the same conventration have boen {ound to
be almost identical and from this an evidenos has been gathsred
in regard to the idenilty of the compomtion of both th blues as
had boen observed by Hofmann ( Ann len, 1904 1 36 ) Muller
(] prakt Chem 1922, 104 2410 ) by nalytical methods and by
Saxsna and Bbattacharya (J 1 C. S 1951, 28, 141 149~ 221 724
703 709- 1952 29 B19 B34 ) by physloo-chemlocal studiss.

Although sulphtde and hydroxide sols have been investigated
more {requently and elaborately by many workers Schulze
(I practishe Chem 25 431 1882 ) Hardy Zeitsch, phyaik, Chem
33 383 1600), H. Freundlich ( Z, phystk Chem. 44 129 1503
73 383 1910) Ostwald (Kelloid, Z 1920 26 69 ) and Ghosh
and Dhar { ] Physical Cbem, 1927 31 187} the rolerences to the

on the beh r of more lex sols have been

1y rare  No stody bas so far been made on

the colloidal properties of tarnbull s blus A fairly sxtensive work
bas been done on the ceagulative properties of prussian blue sols
but it {s rather interesting to nots that thers exisis a fundamontsl
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difference as well in the experiments] results obtained by recent
workers "Wetser Ghosh and Dhar’  The oolloldal studies of these
blues prepared under gimllar conditions may also throw some light
on the {dentity of their composition In view of this, Hmthm:qh(
nocessary to oarry out an far as bl

on the coagulating properties of these sols  The previcus investiga

tions so far made on prussinn blus sols were in presenos of oxalic
aald usad as the peptising agent which might vitiate the inferences
and benos I have studied the aolloidal beheaviour of prussian blue
preparsd by adding excess of K;Fe (CN), only which acted as a
stabllising agent]

EXPERIMENTAL

Prumisn blue sol (A of ooncentration 3 gmua/llre) was
prepared by mixng 1 equivalent of Fe(l, to 34 oquivalents of
K Fe (ON) { o, 1240¢c. of N/2604 FoCl and 8500 of N/LO5?
K,Fo (ON), snd the soln. mads upto 500c.0.) Turnbullsbln sol
ol the same ooncentration preparsd by mixing 1 equivalent of
lerrons sullate end 5/4 equivalents of K Fe (OR), war found to be
anstable and hence & mare stable a0l was prepared by mbxang th
reactants in the ratio of 1:13/2; 4, 104oe of N/2 06 E,F
{ON), added to 8 08e.0. of N/10 Fe8O 7H,O and tho soln. msdo
upto hatf e litre.)

The comgulation of the sol was siudled ax desoribed by H.
Freundtisch (Collodd and oapillscy chemisicy] 8o.0 of the sol wus
taken in test tobes, varying smount of electrolytos wers then
added and the soln. made upio 100.¢ In sech oase by th addition
of water The mixture was thoroughly m! ed and the test tubea
were Fef¥ in tie rmok for one hour TEe vol. of the Tlecrolyts
which just eosgulated the sol in ome hour i noted from which
th fom Is caleulated

The cosgnlation valoes of various electrolytes have been
determired for undialysed dislyred and sged samples of prusslan
and turnboll s blae sols at yarioos dilutions



Table 1

Usndislysed prussian biue sof of concentration & gmejlit f
denoted by A

PRECIPITATION CONCERTRATION
Oougnl ting
Jectralytes Amt gma it Aflel g it g Aflm g fih
LiCt 1 15AIM0, 1o1 M 098 Nt
Kot 17 %, B2, .
KOl 18 58, 25 ,
B0l 0003 0060, 0035 .,
Call, 00909, [ o7,
Mg01, 0338, ar o7
240y, 0008 000y, 0008
caa, 01 . 00038 ,, 00055
Gty 00042 | o000y, 00016 ,,
Al 00073 ,, 00043 ,, 000°8
Th (KO}, 00031 w018 ,, D017,
Ce (80 ), 00047 ,, 0004 00087,

Table I

Promian biss sol A of concentration £ gma /it dialysed for
38 and 8 daye

PREGIPITATION COMOENTRATIONS

G Praon Dravysss

eeatrolytas 3 day | san | v
101 32 MR 588 M/t 54 Ml
Kol 183 w7 115
Fall 0 50 ©
BeCl, 0015 000825 0008
G, 04,3 00383 00177
P 0006 00046 00043
MgCl, o1 00725 o065
€dol, 00004 00000 00087
el 00026 00019 00014
A, 00032 00024 00021
TH{NO,) 00024 00018 000187
Cegs0 ) 00043 00020 00024




Table III

Aged Promisn blue sol A=2 gms./lit, perlod of ageing 35 dayw
ocagulation valoes of sleotrolyten on dllnting the sol to A/2and A/4

51

PRECIPITATION COXUENTRATION

Coagulating

cleotralytes A=ggm [l Aftel gm /s [ AMe Bgm 10
Liol 11 M/ %6 M/1it 88 M1
NaQl 3 b5 47
Ko1 158 17 1%
BaCl, 0085 00475 004
CeCl, 0250 008 0085
Mg, 032 0x8 013
%nCl, 00083 0003 0004
0dal, 0007 000502 00041
crdl, 00038 00013 00013
AwQy, 00088 00038 00Ty
Th(NOY, 00029 000162 00014
Ce{BO ), 00045 00038 000337

Table IV

Undislysed Turnbull's blue sol A= gmu/lit, propered by
mixing 1 eqnivatent of FeSo and 3/2 equivalants of E,Fe (ON),

na
Nal
K
BaCly
GCaCly
40,
ZaCl,
MgCly
A0,
Th(X0y)
Co(80 )y

118 Mt
1118
u
013
@1
00115
0041
034
0013
00041
0006

115 M7
107
17
0076
o7
00058
00035
0303
00063
00022
00047

106 My
60
19
0055
o1
00040



Table V

Turnbulls blue sl of concentention 2 gms /lit. dislysed for
30 and Pdays

H PE!OXPXTATXON CUXOBRNTRATION

Coagulating  } Faxms or Diazrsd

sheetroirtes T ey | Sda # days
Lct 68 MAlt § 50 Mk B4 Mylit
Nat B4 532 50
o] 13 12 15
Ball, 00108 0000 0007
Callly 00425 003 00848
Mg, 0108 0081 0075
0decl, 000887 000548 006318
ZaCty 00052 0008 00048
CrCl, 000258 000208 010
AL, 000333 00 ]
TH(NG,) 00019 00016 00014
Ce{80 00030 00024 000%0

Table VI

Aged Tombolis blne sol A {undmiysedy of consenirstlon
2gms it penod of ageing 35 days Coagulation valoss of sleoctrolyies
on diluting the aged sol A to A/3 and A/d

PRECIPITATION COMOUENTRATION

Coagn! t L 7
st olytes A=t gme fub : Aftal gmft uvLAn-.u Lt
Lct 1 oa Ml | 80N/ 08 Mt
NaCl B0 56
] u 16 155
Bally 0113 008 0033
CaCly {28 021 ol
MgCly ot 028 (208
a0, 20063 0003 00018
ZnCl, 0003 00025 000137
A, 00009 0008 60013
[ ‘ 00033 0016 00012
Th({N0,), 00036 00016 0001
CeiS0), | 0008 00038 00023




DISCUSSION

It hat beon obeerved th ¢ the Bohulze-Hardy law e followed
In the genersl senee that the greatsr the valemsy of the oppostioly
charged jon the grester ita cosgnlating power in other words, the
coaguinting powers of Th Ce >Al~ (r~>Ba On Mg"Zn
Gd >E Ne,ld

From the observations recorded in table II V it is evidem
that the behsviour of both the blue sols s gqutie normal towarda
eleotrolytes on progremive dislysla. The Investigations throw
further Hght on the relationahip between the (nfl of dislysiy
and the stabllity of the sols. The stabllity decreases with the
number of days th so! has been dialysed in other words, as the
purity of thoe sol increases,

‘With monovalent electrolytes, the cosgulation valmes gradually
dearcese with dislysls Tk genersl behaviour of bivalent elostro.
iytes,Zn and Od regarding the gradnal fall of preoipltation eoncentrs.
thon with puriiy of thesol la elmflar  This ta In conformity with thy
electroahemtcal behaviour of 1ine and cadmium their precipitation
values are also very clome to sach other The fall in concenwration
of Ba Ca Nz vitbprnqrr-ivudh]ythmmntobelimﬂu
slthough there exists muah diff the p
oonoentrations taken Individually The trivalent !om Al' Cr=
have got much less precipttation eonoentration while tetrsvalent
Jons Th® Ce*~ have the least ppt eoncentrations.

On dllotdon, the tlon of thesals d conseqi.
ently th ppt concentrations of all ather leotrolytes also decreess
exoept that of KOl which is found to {nareesn,

The fundamental factors which plsy an important role in th
ovegulation of co)l ids in groors) ars (1) charge of the presipitaking
ton (3) adsarption of the stabllleing lan. By results of quentitatire
estimations on adsorption of K Fe (CK), by prostan bloe and {
K,Fe (ON), by turnull's blne have shown thad prossian blne and
turnbull's blue have falrdy good capacity to adsoch ferro and forrl
oyanogen lons respectively and further that the former had greater
eapacity of adsorption for ferrooyanogen jons than the latter had
for ferricysncgen foma, My results of Investigation are in fall
sgresment with the views that the st bility of theso sols is mainly
due to the adsorotion of ferro and ferrl ovanogen lons respectively
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because as tha dialysis progreesss, the stabilising fous are gradually
romaved with the rosult that the precipitation conoentratfons of
the cosguisting elestrolytes gradusily fall, Thaé prusstan blue has
greater aapacity to sdsorb yanogen ions than bull s blus
to adsorb fervioyanogen fons is farther proved by the faet that
with the progress of dialyss the stability of the turnball's blos
sol decreasres mneh mors mapidly than that of prosdan biue
{oed tables 2,5)

The sbuormal dilution effect with monovalent elvatroiyte
KOt hax beon explatned by the lonlo antsgonist omused by the
sdaorption of ions bearing the same charge as the oolicid partiolos
Ghosh snd Dhar {(Joar Phys. Chem. 1027 31 847) havs shown that
the no! behaves normally towards dilution wh n tho ions carrying
the xame charge ss the ocolfold particles sve not adscrbed tn appreoi
abie amount. Dhar snd oollabocators (J I 08, 1929 6 644 103D
D 3315 1053 10 47)) bave sindied tb  change of stability of varions
other mh like Ferric hydroxide Alomininm hydroxide and thoriom
hyd spprociable ts of steblilring elocizolytes
and had drawn the ssme eoncimsions  Although the ditation
affeot hes besn expiained by Ghosh sud Dhar sy being due to the
gromtor adscrption of wabllislog ions, I am of opinlon thay the
proooss ia more complioated and {s & ranit of consequitive oe side
yprooemes wuch as (1) charge nentralisation (%) sdeception of
stabilising fone (3} size of the particles (4) distance betwess the
particies {5) the pheromencn c! hydrolysts which may also take
pinco in some cames  In ooagulisid therefore sll these
phenomencn are tmking phne llmuiuoms!y wnd ars moasly
resporusible for th stabilisy of & oollicidul salutlan.

In the cans of dlluted sols the distanoce between the particles
atong with the adsarption ph and the im of the
eolicid maoms to offer a more probable explanativn foe the abnormal
behaviour with xome manovalent elesctrolyte

The difference in the bebuvionr of theso blioe mols on sgelng
may be sttriboted to the difference in the size of the partioles,
other roasons aneh as charge Lydsution eto, may slso prowail 3y
obrervations on aged sols goio show that the proeipitation convent.
rations fslionageing. It appeary that most probebly the sixe of the

partioles incraasos on sgeing end hence the deorease fn the pps.
vonotntration i ocbeerved



55

My Investigatlons on the ocolloidal blues throw further light
on ihe existing views regarding th composition of soluble promian
nd turnbull s blues. In th lght of my physico-chemical studiea
on their position {t may be loded that the pl of
the types indioated are formed, Indesd, But they untergo » cbange
of state to thes of & oolloid by the adsorption of the stabilizing
lons, This view i further supportad by the fact that on ageing
the undialysod sols of promaian and tarnb U's bl sa th y ppear to
attain almosy the same stage of dispersity The coagulsting values
of many leotrolytes (LiCl NaOl KC1 OuCl,, MgCly, 0401, Co(30 )
vide tables ITI, VI almost approach each other quanthiatively
both for andiluted and dllated aged sch. Regarding thetr composl
tion also Ideniliy has been obwserved in the farmatlon of the
compound KFe [(Fe CK),] (vide publicationa J 1. O 8. 1951 141,
221 703 1953 539y

‘Che foregoing observailons regarding similarity of somposition
of prussian and turnball s bine on sgelng, ars in sgreement with
the conolusions arrived a4 by Hofmann aud Muller by wnalytical
metheds and by Bhattscherys by his studies on the absorption
spectrs and magnetl Ib of theso pounds (Zols,
anorg. Chem. Im!ll 240'1 L0 8,1005 12 143, 1834, 11 325)

My gratefal thanks are dus to Dr A. K. Bhattacharya DSo
of Agra Callege Agrs, foc his helpful guidanow,
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INFLUENCE OF AGING UNDEP ELECTRICAL.
DISCHARGE ON JOSHI EFFECT IN
MERCURY VAPOUR

S
B N Prasad, V Venkteshwarlu,

Iadian Association for th
Chamustry Department e o ojwf:'m the
Birls Colflege, Prlarv Calevtts

INTRODUCTION

The oesurrence of Joki~effect dotectsd firmt In chlorinet was
found subsequently to be not s spesis] featare of any partioniar
g8 or vapout bat rather o geoeral phenomenon sinoe it has been
obesrved in & number of wystoms, - ¢ vif, oxygen nitrogen
sodium potamiom, bromine todine and aleo to HOL, HBr and NO,.
Basides these homogemeons qystems stadles wers made {n certain
mixtores of the above guson aud vapours Hkeair Oy + Br, O, +fyete.
Recently thoss invetigations wers extended to mervury yapour®
end remarksbly emough 100 por oent relatirs Josbi~affoct wad
obeerved under favoursble conditions whh bot ordinary light
Ths prafonnd {nflusnce of ‘sging’ and wall effvor amphesised by
Prof Joahi  econ after the discovery of the pbenomenon and
ohesrred in the above-mentionedaystams by himand his co-workerss *
waa {ornd {n merenry vapoar more (ronounced than in any other
excited medium. It was cbeerved thay, compared with other guses
the produntion of Joshi~«ffect in meroury vapour necomditatod the
coatinoous ‘sging under electrical dlscharge for nnosuslly long
perfoda. A systematio study v samo detri] of the above factor
way therefors nrdertaken

DESCRIPTION OF APPARATUS AND METHOD

The bebavlour of & number of cxanleers charged with meroury
vapour (vd¢ 1nfra) was investigsted The results now reported
rafer to two typleal mystems numbered 1 and 2. The former
coatained & globule of liquid mercury welt oatside the annnlar spros
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the mtdthed}.nhm ;xvx}uwd under the applied felds The
3 isch spare fors mertury Yapour at a prownra
of Omﬂmm By in equilibriom with the lgald phase The other
cagniver 3 sonisdned only the yapour at the abare premare Ths
dimentions of the ctoners such sa the | ngth and width of the
snaviar spacs aze 100 and & mm reepeotively for ozonieer | sud 200
aod 4 mm for 1 Arrangament wis mado b0 obiain & stmaléensonr
ang pon-wtop slectria dishurge [n the snnnler ypaoss of the two
cxonieers ard 5 wes conducted for abaut 440 boors,  The efsotrioal
troust and the gensre! set op aee ex {oflows  Bingle phass & @
of 80 ayale frequency wax sbiained from 230 volt malne wud th
poteniisl was steppes op by moans of & AT tmeosfarm v
rof ratie 20000 150,  The primssy po{autm of th traneformer waa
regulated with a p w and the dary
potentia) was ibtained from & knm!}vdg\’ of the trswdormer rabic
snd primary potential The low tonsion sorvent wes measored with
* wensitlys mirror galvanometor the detector baing tciods 30 soapled
toduotively with the low tenwon and uwed sa & dioda by thort
sirouitiag the grid and plate Curresd cbsernailons were mad
when the oxanisera were fu dark and brsdixted with s 200 wasy,
720 volb inoandwonnt (g} balh at avery 13 or § hours or eron as
sualler Intervels of time ss desired.
RESULTS AND DICUSSION
The genersiity of thess rrauiis {s saffislenity represented by
two typleslgroapa of curyes InFig 1 which abow the time veriatiog
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of i (onrrent in dark) ¢ (eurront In light) snd %4/ -(‘—‘.iwa).

Only  hes been given in the oass of ozoniser 2 since Joshi~«fact
Atm=t —f was not observed therein These ourves show thai
despite the stanoy of applied p {al the duotivity was
not constent but varled with duration of expoanre of the system to
eleotrieal discharge until & long period of time  Furthermore this
time vsristion fs characterised by discontinuities. The exolting
potential was kept constant et 0.87 kV (r m.a) thronghout the
course of the experiment Its maxinm flootnation was Jess than
1/4th of 0.2 volt, which latter repressnted the least division on the
soajo of A C. volt.meter (Weaton sj used. From the oconduetivity

t{al oh fstice obtained for 1 and 2, it wan found
Un.t the current varistions of the order of magnitude as shown by
the ourves of { with time at constant exotting potential corres
ponded to a potential differsnoe of 0.2 to 0.5 of & voit In the primery
This variation was excluded sinoe such a voltage flustuation wae
1ok perminsible under the operative oconditions and very eapeoislly
0 during periods of the observationof/ and .. The discontinnons
charsoter of the aboves onrves suggest, therefore a methodls feetars
in the behaviour of the system due to aging under electrioal
excitation,

RESULTS AND DISCUBSION

A consideration of the curves showing the time-varlation
of i in the cxonlaers 1 and 2 (which are but typical of soveral such
weries obtained) indiates 3 Hvo stages, vee, (1) & rapd
atioration in the condootlvity of the dissharge eurrent in the {nftial
atage it mey bo an increass or a deorease (1) an alternats riss and
dimination of ¢ with decressing smplitude in the course of time
whowing s perlodiecity like behavionr and lastly (3) the atteinment
of a stationsry condootirity

‘Bimilar phenomenon was observed in excited lodine vapour
by Joabl and Bhutt end Deshmukh* and in bromine vepour by
B B Prasad and Jathar!! and by Deshmnkh!® and In ehlorine by Deo*

This varlation of the discharge ourrent § with time at »
exclting p tal 1ndl that some surfaoe or wall

action ls an operatire fastor  Also under olectrioal dhoharge many
phystoal reactiona would take place including edsorpiion as well as
desorption.  Both processes may tske plsce simultaneonsly or ons
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after another Theso would eonsiderably alter the presemre and
therofare the conductivity of the system and the vapation of ¥
would be & tme reaction as d termined by the sbove factors.
The explanstion advanced by Joshl for the phepomenon: obesrved
In systems mentioned above is that of & formation and Mabitesion
of an adsorbed Iayer derived in part, from excited molecules and
jons which sccording to him I3 also & chief seat of the photo-
supprossion of the discharge current. The process of adsorption
alters the ot tated with the 1 walls and 'h.
gus phass  consoquently tho Hty s altered  Awwoch

with the Instabilfty of the formation of the adsorbed layer there
intermittent sorption and desorpéion or/lnd the producton as tho
surfece of the walls, of unstable int d of disch

resction,~all leading tos synohronons time n-uoln the oondnuﬂvity

The resuls now reported ere In confarmity with these
suggent] oo, It 1s soon that Jashreffect wan obeerved in cxoniser
1 only after about 40 hours of exposars of the system to disoharge
and thereafter X A/ fl ctuated between 57 and 13 and becams
constant ab the end of the experiment. This soggests the formation
and eventuous stabilimtion of sn sadsorbed layer Th bresks oo
tho & Ajy—tlme curre however are doe to thoss fo the time
vuriation of i and of A (of 4 4 ourves in PFig. I) The
prodoetion of A; 1t may be noted is different from that of &
change in the magntiude of i, dus to alteration in the oapacitance
amooisted with the wnlls and gas phase Josh® ! has paintedo ¢
that he latter s well & dme process wherras th  former has been
shown to be from the messurements of time Iag on the production
of A¢ an inetantansons prooess

In osoniser 2, an appreclable initial decrcass of in
nottcosble This may be do to s pressure rodaetion {th  ystem
by sdsorption of the vyapour by ocontsiner walls, This cocreapoads
to the wellknown olean up phenomena Bué in oxcnlser 1 &
alight inttial inorease (s ssen. Hers the walle of the cxaniser sre
pot blank due to pro-hest treetment given which wes simply
baking the ozoniser s$ about 200°C for aboot 4 houre.  As a resuls
of this, fins droplet of liquid mercury oan be expeated to cond nes
on the sarface and the adsorption of the vapoar might hare
taken place even beforo starting th  eleotrical discharge fn th
sywtem,

P
rFa



In the explanation of the periodie phenomenon observed {n
N O+ H, mixture and alw in NO, Joshit polnted ont thay the
walls o the system under the influsnoe of applied potond.nl
developed a strained dition snd d that the durati
this strsined oondition and the Hme needed for recovery thorelrom
during the progress of disoharge rewction is periodic and as &
conssquence & llke change in the time rate of the discharge
reaction is prodaced. It fs wleo poloted out that sdworption of
sotivated molscules ang jonn of llmited life also takes place thus
giving riso to Instability in the capsoitances asscoirted wiih the
container wails and the gas phase nd as s rewult the conductivity
shows & time reaction. Thix second stage of the sime-variation of
1 is exploable on thiy basis. It !s however to be noted that to
secure constant magnttudes of ../ and ¢ A; = period of about
420 hours was taken which, in comparison with the aforesaid
systema In excostively long This suggoets that the procees of
sorption and deestption {s slower with metelllo yapourw than with
geses which is Indesd the owse as pointsd out by Bherwoodls

The resuits of the sindles on hysterisis in Jorti«ffa (which
wero carrled o0t {n s nnmber of guses and vapours {nolading
meroury in these Labocatories) show that the surfece aotion of the
kind disoussed sbove {s competible with ita sssocistsd time Jag
Moreover the mechanism of 4 postulated much earlier by Prof
Joshl for the ph {teoll s sist with snch & surface
eotion. He amnmed three stages resultiog in the production of
A1 v (1) s boundary Jayer i formed on the container walls
derived in part, from adsorption of fons and exoited molecules
under the applied fields, (2) photoslectrio emision ocours from this
boundary layer under external irradistion and (3) these photo-
eleotrons are oaptured by the excited, neutrsl molecules to form
slow moving negative fons which are responsible for the onrrent
decrease A a3 & space charge effeot.

Now It was pointed ont that sdsorption of the vapour takes
place under eleotrical discharge and this appears to be a short of
chemisorption sinee Aturty? has shown in ohlocins that A under
‘aglng progresves according to equation of first order resoction and
the boundary | yer post lated by Joahi for stago (1) s therefore
may well be chemleal §n nature That the electrical adworption
is chlefly of & chemical nature and not due to mechanieal driving
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in of the fons and molesules waa shown by the work of Willows!
and Hill* Further the phenomenon ol adserption of pasea on
solids s such & nenersl one that 4 glves rise to charsoteriatio effect
in felda where this might not a4 fArwt sight be expeoted as for
example In the cese of photoslectdio and shermionlo emimion.
8 T Orege ! states that the wok funetion in photoslestrio emiston
i appreclably decremsed il th  mitter ta adsorbed by forslgn sub-
stanoes #s for example when the strougly elootro-positive motals
1ike sodium potsmi m ete., are adsotbed by platinum, molybdsnnm
and tungsten The seoond asumption of Joshis theary ocone
termplates such a process lo!lo'rd hy the formstion of negative
fons Jesding to phot PP! of dhah ourrent., The
produotion of JouJ rwffect with but ordinary bight in mereury vapour
wupporty the sbove visw sinoe meroury vapoor under pormal

ditioos, { ,.uth h gas phass ) # known to emit
photo-slectrona with oaly uhra violet light.

OQur gratefol th ke are dus to Profossor 8. 8 Joshi D Be,
(London) F R.L O F N L, Banarss Hindu Universlty for bis
intereas and advice

BUMMARY

The infinence of ‘aging ata oomstant exciting potentlal was
tnvestigated In meroury vxpour employlng & non-stop elestrieal
discharge for about 340 houre. Th tme varistlon of ;0 ; and
% A weore stodiad whersin s discontinnous charscter was revealed
which eorrespanded t the periodic ph nomens beervyed fm g2
cxonjeer diecharge in systems like KO, N0 +H, Br, I, and 01, by
many investigators working in theso Labocstorios. The sxtent of
discontinuities or fi esnations ln ¥ A = L—Hme ourves way fiys
to ten timess greater than a pomible experimental srror fn (he
oconstsncy of the exaiting potential and therofore, they wers taken
to reprosont the methodio beh viour of th ystem, Thew reqlta
sare disoussed in the light of Joshle theory for the meehanfem of
the gect Aj and also of the periodic phenomens chsprred in
systems mentioned abore

REFERENCES
1 Josk! 224 X rasimbes Oure Bel, 1002, 9
£. Joak! snd Deshm kb K twre, 41, 147 300,






8
Studies on the composition of Ferrous Arsenate and
Fernc Arsenite Part V' Conductometnc investt
gations on the composition of the so-called
Fernc Arsenite {product of mixing
FeCls and NaAsDs)

By
Ram Sahai Saxena,
Chemistry Departmant
Herbert Coflege Kotah

In the previous parts of this seriea (peri Iand IT,J L O. 8.,
1048 25447 1040 26 99-102) qualitstive and quantitative unslysts
of the ferric arsentte eompounda (obtained by mixing FeOl, nd
NeAnQ,) were oarried out elaborstaly to detormine the composithon
of ferric arsentte, In this peper its composition has besn fnves-
tigated by oondnotometrio titrations between the reactants st
different diluttons, The titretion eurves ylold two equivalence
polnts sag the formstion of two p ds of ferrio arsenite
on havingtheratioof Fe Asasl 1 1 1 1 2 and the otherin
which the ratto of ¥ Asuisnearly 1 2. The formation of both
suchocompo nds has been supported by th  nalytical results of the
ferrio shsenit prectpitates (J I 0 8 1040 24, 05)

Tho oompostiion of lerrio arsenite according to the chemionl
equation should corroapond to the formuls Fe (AsO,) when ferris
chlocide ta added sodinm arsenite. B #1in literature more complex
and variable formulas have beon given ¢ g, 6K,0 5Fe,0p 0480,
24H,0 (Dobbin Pharm. J 1004, 4, 81 588) XF (OH), YAs,0
(Oryng, Eollotd, Z 1018 21, 148) and F ,A8,0 ,, 5H,0 or 3Fe,0,
Fe, (AvD,),, 5SH (Bunsen and Berthold A llor “Treatlss on
Inorgank Chemistry 1020 Vol IX p 133)

The poseibility of mutusl oxidation and reduction, was,
bowever auggestsd by Jellinek and Winogradafi, (Z. Electrochem
19°4 30 477) acoording to the following equation,

2 ¥e0L4+H, As0 +H,0 g 3 FeOly +H,A20 3 Hol
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In view of the variations in the analytical resnlts obtained
by previons workers it was considered worthwhile to apply
physioo-chernical methods tothrow further light on the composition
of this complex compo nd. The resultn of only conductometrio
investigations bave been incorporated and discusssd in this paper

EXPERIMENTAL

A. R.(BD H) reagents were used Standard sodfum arsenits
solution was prepared and estimated as desaribed (Vogel ‘Quantits-
tive Anslysis part 1TI 104) Ferric ochloride wae estimated agoinsy
dicbromate urng dipheny! amine as an indicator and also by
ThHanous chloride (Vogel -Quantitative Analysis part IIT p 88)
The conductivities were moasared and ocorrented for the dilotion
offect as desoribed in tho proviens publications (los oit) TUsing
different consentratidny of the two slts in solutlon titrations were
followed by the direct and the reverss methods (Lo wh n MadsQ
wln from the burette was added to 100 o of FeQl, soln. taken in
the titration cell und vioce-v ree) The titrations were slso
performed in the presence of slechol 2%, 5% and 10% by vol
The corrected condustances were then plotted against the vol of
the titrant and the eguivalencs polnts were determined by the
polnta of interseotion of the straight portions of the enrves  Asall
curves were similar only two figures have been given

It was observed that when squoous solns, of FeOl, were
mixed with neutrulised NaAsO, soin no precipitats of ferric
arvenite was obtsined Bat when diff of M & sod
sostate was added to the mixtare of the reactenta, yrecipltation
ocourred with different colours and compowition I¢ was found
that s thick precipitats of reddleh yellow colour was formed when
the PH value of FeCl, woln. {s 303 and sodiom arsenite tr neutral
{PH 6955) Henco in sach titrstion equivalent vol. of (say 100 o
of OH COONa for 100 o of the suln. in the oell) sodlam acetats
was added in esch titration  The ferrio arsenits formoed h easlly
soloble in acetic acld and dil. NaOH soln. which shows that {ts
formatlon depende upon H 4 of the roast

Precipitation of ferric arsenite js almovt {nstantaneous when
NaAv0, o added to FoCl, soln. at sultable pH (383) Lat In the
reverse ptocess Lo when FeCl, is added to NaAeQ,, the preotpitate
does not readily come out on mixiog the reactants. After some
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time the mixture becomes colloldal and turbid the partioles then
gradually sgglomerats and esitle down I4 ocan bs reasomably
concluded that ferrle arsentts adecrbs an enormous quantity of
A0, which peptives the precipltato as was aleo observed by Ben
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(Jour Phyn. Chem 1927 31418). The reverss vonductometrio
titrations therefors gave wid Iy different resulta heving very
little constancy The resslts of direst titrations only have been
Sneorporated
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Huving determined the $itre yaloew of sod arsenits required
for ¢ given vol of FeCl, in squeons and alse in alcohollo soln and
on uom?nﬂngﬁnmwﬁhﬂ“ﬂlml’ul values caleulsted from the
strengthn of the soluth ding the conrposition
of ferrio xrsenite formed under experimental coeditions conld be
drawn. The [nfloence of sdsorption has been revesled from the
Alftrresce of titre valoms In purely ag eons and sguetna alooholle
medium. A summary of obssrvaticoa has besn given in th
following tables +—

Compositipn of Ferric Arsenlts by Cond, Y
Table 1
Cene of reartanta Aquacus ] wiewdel s sbvakuae
] S drviey ot g vy jpaderrry
TFehn [ Wasos | ¥ 4 | F oA | F o2 T As
y -+ v v
rL197 L1.988 1..05 1218
1 L @8 110 mni
1182 L1568 1192 1205
L 96 1 98 110 11
120 1a1 1212 1:232
L o6 1 8 110 111
1215 123 125
1 96 L % 110 LL1
M4 M/AS 120 21 122 1232
L1o 111 1108 L1z

Compositian of Ferric Amvenite by Inorganic anulysie
(J1CS, 1949 26 99)
Table II

Cen  of reastantis
bl TFORNULA ( Emperieal) r oA
Focha NakeOy

AM/13 |M/134 (aq eoina) | Fo=, o P (As0), (Av0 ) [ 118
M/25 | M/25  (sq solos) | Fo™,, Fe~ (AsO},, 113
MBS0 | M/B0  (aq solm) [ Fe™yy o Fe (AeQp)y, 112
M1 M/13 (noutralied) | P~y Fe  (As0y) (AeD )] 121
NT M/5  (ocutrslived) | Fe~yy Fe 4 (Av0)n(As0 }] 118

M5 Fe™ Fo ., (As0),, (A%0) {LI®
IA‘ﬁnm (o cutratised) 14 3
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DISCUSSION

The snslytiosl results ( vide table IT ) show a wide varhtion
of the ratio of total fron and srsenio In the ferrie srsenits compounds
formed by mixing differont oonoentrations of ferrlo ohlodde and
sodlum arsenite but on olose soratiny the ferrlo arsenite com
Pounds can be divided into two olssses, one having the ratlo of
Fe Asasl (7.2 10 1.3) and the other in whioh the ratlo of Fe As
varfes form 11.8 to 121 The results of condectometry ( vide
table I) confirm the formation of suoh compounds in which the
watfo of Fo  Asisas11aend 1:2 approximately

The varlations in the comspasition of ferric arsenite compounds
by snalytical methads ean be aseribed to many fastors (a) adsorptive
and hydrolyilo charsoter of the preeipitated pound (b) H fon
coucentration of the reacting solotions (0) mutaal oxidation nd
reduction between the reactants In view of the above the follow
ing machanhm can be suggested for the resstion between FeCl
and NasAsOy

(1) 3 FeCl +NeAsO,+3 Hyo=3FoCly +NaCl + H,A0 + 110!

@ 3FeCl,+3HA0 =Fe, (Aso ),4-8 HOL
@) FeCl +H,AsO = Fe (AxO ) +3 HCI
(4) FeCl+2 NudsO, = Fs (ADy), 12 NeOl
() FeCi +3 KN AsO, =Fo (A¥O)) +3 NaCl

The suther's gratoful shanks are das to Dr Abant K Bbatts-
charya D Sc. Headof the Chemistry Department, Agra Oollege Agra
)‘or‘;{l koen Inteross and guldanocs in this plece of Investigation
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COMPOSITION OF TURNBULL S BLUE

( FERROUS FERRICYANIDE ) BY
CONDUCTOMETRIC METHOD
PART Il

By
Ram Sahai Saxena,
Chawtistry Departmont
Herbart College Kotah

Ineontinuation of my previous publioations on the composition
of Prusstan Biue (J L.OS. 1051 vol. 28 141 149 $31-XM, T03-T09)
this paper conisina my obsocvatfons on the composltdon of Turn
bull's Bloe (Ferrous ferri oyanide) by oonductometrio method.
‘The resnlts of titrations support the formation of two eompounds
KFeFeo(ON) and Fe[Fo{ON),], in sq and aleoholl

The oomposition of Turnbull's blue has been investigated by
vurious & thors mostly by analytioal methods and mnch light has
been thrown on the intrieasies of the resction between ferroas
salphate und potessiom ferrloyawnide This resotion has boen
obsorved to suffer the effesta of muiual oxidation and reduction in
acid medium nd also the effect of adsorption and hydrolysls in
excess {on or the other ! the rsestants. Hofmann Hedne and
Hochtlen (Annalen 1904 1.36) Muller and Staniah (Jour Prakt.
Chem. 1009 (%) 7981). No Isborats phyxcal method has been
pursued oy ity to slucld the poaition of wueh ferro-
{ferrl oywnnogen aomplexes. Tn thw paper I havs adopted conduoto-
m trio method to throw farth r light on the composition of Ferrous
ferrioyanide (Turnbull's blae).

EXPERIMENTAL
Pore lerrous sutphate orystals were prepared by roerystallising
from slochol and diwolved in presones of dfl, H,SO  Btandard
solntions of FeBO were d of soveral M2
A4, 8
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KMunO  Well pioked eryatals (red) of K,Fe (ON), were taken and
weighed to make standard solutions of strengths M/2, MI/4, M/10
34/20 This was further eheeked by iodometrio titrations in p

of Zo8O

The condaetivities were meawured by Kohlraosch Universal
Bridge in the usual menner  The titration cell was immersed in &
thermostat to control the temp within 4 100 Direct titrations
were carried ount by adding FeSO  to K,Fe (ON) in the titration
cell and rev e titrations wers pecfocmed by adding K Fe (CN),
to FeBO  The observed oondnotance after each addition was
corrected for the dilution effect by multfplylag it by the faetor
V/10 where Ve ¢ is the totsl volume of the solutlon in the
titration oell and 10 e. ¢ refers to the volume origimally taken.
(Davis “The conductivity of solutlons p 238) Ourves wero plotted
botwien the oorrected conductance gainst the vol of the titrant,
The equivalence polnt was obtained as a polnt of interseation of
the two portiomt of the curves Titrations wers also done in the
presonce of alcohol npto totul eoncentration of 0% by volume

The expsrimental obesrvations of condnostometrio titrations
have been given in the following tables and the curves were ploited
for determining the points of equivalenoe to ascertain the compos]
tion of Ferrous ferr] cysnide

DIRECT TITRATIONS

When FoSO sol tion from the buretts is addad to KsFe(CN)
solution ins the titration cel.
Table I
Vol. of M*0 E,Fe(ON) soln=10 c. o Alecholmnll (Fig. 1 curve 1)

Torr (]
MUTO gy v.L| Gondy l““ Fo20 o1 v 1 I Coady
added T, | sdded ood

000 e 100 ¢, | 58Bx100 24c o 12400 | B50x)0*

10 1o |{e72 a8 128 580
14 N4 | 8878 30 130 |o98
14 18 |80 34 134 as

20 120|831 40 140|732




71

i

Febagadded vmea

T




2

Table II

Vol. of M20 K, Fe (ON), soln.=Bo. 0, Alechol=1s ¢ (Fig 1 Curve 2)

Oarr T ot
34 FollO U/4 FeB0O
dded |T WMV L C'anrly added \'rmv\q ?ondy

oy
00c o 10c o 4£15x102* 260 ¢ 1*80.c 453x10%
10 110|400 30 130 490
1l 14 (390 34 134 820
18 ns |[as 36 136 (53
as 122 410 48 146 leos
Table III
Tol. of M/20 K,Fe{CM),s0ln =80 o Alcohol=2 ¢ (Fig 1Curve 3)
Torr
M4 Fe80 ]'rmvxl M,) lm"dolromvl l Condy
00e.0 | 1000 o|286x10% *.0o0 l_ue}aos“ﬁcr‘-"
10 1o lerg 24 L4 (328
14 114 o83 28 18 [350
16 116 80 34 134 |30
18 118|285 40 140 45
Tabls IV

T tratson betweer J/8 FeSO min. ard 3/ 0 RyFe(C\) sl
Vol of M2 K F (CX), soln.==10 0 0 Aleohol = Nil (Fig. | Curve )

= Torr
U0 ) Tora1 Ve, (m) MIF S0 oty L| 7:4,
000 ¢ 100 ¢. |883%x102 4do e l4dco BOEx10T
10 1o 580 50 130 [533
20 1.0 571 3e 150 ol4
30 130 562 60 180 0o
40 140 5490 "0 170 a0 s
Table V

Vol of M/*0K,Fe[CN)}soln.=00.c Alocholml e.c.(Fig] Carves)

UPFL0 Dorr ~ 13ipery B0 Gor
added T tal ¥ 1 ?:‘;y) added T tal Vol } ?;‘ﬂ;
000 0 | 100 0 [440x10% 4006 | 140 |4 6x103
20 120|425 4“ e {438
30 130 |45 54 164 |4 5
34 124|408 60 160 [ 501
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REVERSE TTTRATIONS

When K Fe (CN) soln. from the burctts is added 1o FeSO solpn
in the Hi atfom cell

Table VII
Vol of M/30 FeBO eoin =10 0. . Alooholmnil (Flg, 2 Ourve 7)

e T TIiXT o
) Tl Vo l (om) Totl V1| Gondy

OOeu,z 108 0 |7TLIXI 160 e 116 ¢ /105 0x 104

05 108 810 20 120 (1091

10 1L0 00 24 124 1280

13 13 Wi 30 no 1370
Table VIO

Vol. of M/20 FeBO soln m90 o, Alocholmlo o (Fig. 8 Curves)

ﬂ]( K ¥ MAEK ¥ Torr
mn lTa‘a.lV 1 l Oe.uly (OM) ‘ThIVoL| Coody
{mho) added enh

00c o 10e ¢ [480x1 18c ¢ 1120 63.9% 10

04 104|849 16 ns 41

08 108|600 18 ns 760

10 110 621 26 126 (1018
Table IX

Vol of M/20 FeBO, soln.=8 00 Alcohol=2 0.0 (Fig. 3 Curve §)

Torr Tors
MUE T | \ '«"K"Irmvz.‘ Oond
(oM dd.al WIV L] Gendr | Tiom | eba)

00co 10000 318X 13 ce. | 11300 |500%10
a4 104 83 18 1L6 5.8
08 108 420 20 120 63.0
11 11 4“5 28 128 800




Table X
Titratrons between I1/8 FeSOy solm and Mi2 KsFs (CN) solx.
Vol. of M/8 FeBO woln.=10 0 0. Alochol=nil. (Fig. 3 Curve 10}

HAk ¥ Torr M) KT Oorr
@n |-rm.1v°x.| Condy G | ot Vor Condy
000 e 1000 [443x10% 20c o 130 105 010
10 110 700 24 184 111 4
14 114 0 28 128 (1332
16 116 8l4 34 134 }1631
18 118 w1 40 MO 1022
Table X1
Vol of J/8 Fe80 soln =@ 0 o Alocholel e o (Fig 3Curve11)
Tix T ot EIRF Torr
©F) | TowlV L my) O/ Tosal Vol. m{
00c o 1000 0{277%10% 3o e 120 800x 10~
10 110 508 2200 122 a0
185 118 520 10 188 100 8
18 18 o 30 130 1180
Table X1I
Vol of M/8 FeBO soln.mBo.0 Akoholm2e, o (Fig. 2 Curvel )
THAET — 1 Corr AR ¥ Torr
o, ]-rmlvu.j m } o, lr.uxv Ll (:;.:,,
000c o 100¢c o, lﬁexlo—‘l 180 e 11 oo  B70x102
08 108 313 20 120 588
12 1nsz 382 24 124 0

14 114 450 3¢ 138 1130
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DIBCUSSION
Ferrous sulfats and potassium ferricysnide resct In two waye-

(1) FeBO, +K,Fe (ON),~KFeFe (ON) +K,80

(3) 3 Fe80 42 K, Fe(OR), = Fe, [Fe{ON),], + 3K BO
Teking into consideration the strength of solutions of FoSO (M/5)
and K, Ve (ON), (A[/20) the caloulated titre values for 100 o of
K,Fe (ON), for the formation of compoumds KFeFe (ON), and
Fe, [Fo (ON),}y In direct titration should be 7.5 and 5 ¢, o. respeot-
irely In the toverso titration the theoretical velues can be
eslonlated ascordingly

In the direet titration when FeSO is added from the burstte)
the ohangoe in conductivity la due to the formetion of one moleculs
of K80 from ome moleouls of K Fe (ON), acoording to eqaation 1
und of throe molecnles of K80 from two molecules of K Fe (ON),
acooeding to equation No 2 the oondnotirity of the Ineoluble
complex assumed to be xero

From the values of known fonis sonduotivities, it s antictpated
that the conduotivity ahould et first decresse as ferrous sulphate
is added from the burette Into potassium ferricyanide in the
titration cell and th n incresse afier the equivalencs point This
ba been actuslly observed (onrves 1 to 6)

In the reverse iltratlon the total change in conduotivity will
be due to the mvunion of ferrous wulphate in the osll into the

{nsolubl duotivity d to be zero) and to on
molecule of K,BO wcordl.nx to equation 1 and of thres molecules
of ferrous salphste into the § bl plex and thres molecal

of K80 sccording to equation2 Calouleted from the fonto
conduativities, there should be & 1 Il fn conduotivity also bat our
sotusl observations from curve 7—12 are that there i3 a gradusl
rise in conduetivisy throngh out the titrstion, although the breaks
do sppesr a¢ the nignificant polnts  Thie continoous fnarosss oo
Ls explalned as being due to the presence of dll sulphurlo acld
which had been added to ferrous sulphats for making the standard
soluton

With a view to study the discrepaney between the theoretical
and cbeerved titre valuea a summary of cobservations in squeous
and slochofic solations 1a given below for ready reference —



DIRECT TITRATION
FaSO saln. from the b stte {s added t RKaFe (OR) in the ool

PotsTs oF BQUIVALENON

Al

schell solna,

Aqweous setoe T
(KJ I"” Catentaind | Ovaarvnt | Crtmdared Olwrred supporbed
a0l Ma|2ee | 21 | 18 (18510 10% alochoXKReFs(OR),
16 [1.801n 20% aleoho]
3ce| 315 | 27 28 in 10 sloohoNFe Fe(CN)),
34 A4 I 30¥ aloah
/20| M 4o | 41 [ 38 365 10 aloohol KFaFo{TN),
32 (320in 20% alooh
6oo | 815 54 (5.5 In 10y alochokFe[Fe(ON)Jy
w8 {n 30% slochol

REVERSE TITRATION
HyFe (CN) was added froes the bursits to FaSO, in fthe 1riration call

Pocxrs o7 IQUIVALNNOE

b AT shobe selae. P—
wﬁ Cnentated | Omarree | Catombuted | En—
M [umol2ee| 100 | 18 I.LﬂinIO%nlooh o Fo{CIN),
16 16 in20% aloock
133 | L35 | 13 {11510 10% elooholFe Fo(CH)J
11 n 20% alacho
/2 /8 PBo.o. | 24 235 2.201n 10¥ aloch 'oFe(ON),
20 in 30% aloch.
L.ﬁﬂce. 158 | 150 [145in 10y alochcHFoFe(ON),
L33 [L30in 20% aloch: ’
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It will be clear from the above table thet in direct titrstion
in aqueons medinm the points of equivalence ans observed from the
eurves aro & bit higher than the thoocetical values whereas in the
roverss titrations they are slightly lower than the caleulsted ones,
By the addition of alechol in intveasing proportion, the obeerved
valoes tend to sppromch the ealouiated ones Thees results
indisate the phenomenon of hydrolysis that seems to play & part in
the case of Turn bulia bine The addition of alcohoi supprowes
the hydrolysis with the resalt that the observed values tend to
bave s ¢laser approach to the theoretial ones

Phenomenon of adsorption also seems to pluy its role and the
diserepancies may also arise on accouns of this  If the adsorption
of ferrous ions by Turn bulls blue is grester than that of ferr-
oyanogen {ons similar resnlts may follow  Experimental work on
hydrolysis and adsacption by Turnball's blas is alresdy in progress
with 2 view to throw {arther light on ity composition

The oconductivity eurves 1n the case of direct and reverse
titrations suggest the posibility of two compounds KFeFe (CN),
snd Fe, [Fe (ON),};. The curvaturs of the cur es in the vieinity
of the points of intersection can be expliined on the basis of
adsorptlon of the lon by the precipitated complex as & result of
which the total conduetivity will slightly decroase as the quantity
of the precipitated complex inercaser, Bince the reaction indiested
by the first portion of the curve differs { ¢m the second one the
shape of the middle portien of the eurve willslightly vary from the
former beosuse the fonimtlon sdsorption and hydrolytls beha
viour of the sompound formod at the well marked stages will be
different from esch other

The concentration of the resctants does not wppreoinbly

change the nature of cheervations  The addition of alcohol contrl-
butes to controf hydrolysis and slso adsorptive propertics

Xoie =My gratefal the ks are d  t Dr A K. Hhattscharys of
Agra O llege tor hla kind intarest ln thix Inveetigation.
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POTENTIOMETRIC STUDIES ON THE
COMPOSITION OF TYRNBULL S BLUE
( FERROUS FERRICYANIDE )

PART 1

By
Ram Sahal Saxena,
Chemasiry Department
Herbart College Kotsh
The composiiton of Tarnbull's bln  bas besn investigated by
the msthod of potsotioastr] {ltration between ferrous sulfate and
potasium ferrioy nide at several dilatioms of thess reactants
By direct titrations the composisl n of Isrrons ferrioy nide corres-
ponds to KFe [F (CN),] allowing for adsorption and hydrolysis
wherees by the roverse titrations the formuls of the eompoond
oomes ont more correctly ae KFe[Fe(ON)y]

In contimustion of my previoms publioation onth eomposiilon
of Tornbulls blus by therm metria method (Jour Indian Chem,
8oc,, 1052 Vol 29 539) ttempts have besn made to substantiat
thess olwervations by potentiometri method and the resnlts have
been Inocorporated and discumed {n this papsr

EXPERIMENTAL
Th reagents used were of Anala B (B D H) qualiy
8tandsrd sol of p t+ ferrioy nid and ferrous sulf te
were prepared (1 oo ol ) Bl de wsed was of d plati

(Muller Z physical Chem 1014, 88 4d)and 1§ was used in conjane-
tion with & esturated calomel eleotrode Using the different
concenirations of the two aalts in solutions, tho titrations were
followed by th direct and the reverss methods L. ¢ whan ferrous
wulfate wolation was sdded from the burstte to potassium ferrl
oyanide solution in the elsctrode veasel and vice verse,

The sxporimental cbservations of the potentiometric titmtions
bave been given in the following tables and the curves have been
plotted to determine the polnts of equivalence and to sscertain the
composttion of ferrous fertloyanid



DIRECT POTENTIOMETRIC TITRATIONS OF
Fe#O and K,Fo (CN)y
When RsFa (CN) wols is takw in the decirods vessol, and FeSO;
soln. 13 added from the buratte.

Table 1
Vol. of ¥/20 K,Fo (ON) solution=200 ¢ (Curvel)

T i TR [ o [N 2w

00¢.c.| 02745 4.0 e} 02540 oft] 5.8 co.| 0.2525volt
05 02718 4.5 02513 6.0 0.2335
10 0.2t91 48 0.2500 6.2 02345
15 0 2660 3.0 0 2450 6.5 02535
20 02645 31 02485 70 02570
5 02610 52 0.2450 73 0 2580
3o 0.239% 33 02473 85 0 2605
35 0.2365 35 02503 9.5 0.7850
O A A AT
t HAHHHHHH HHH
I T 1 T 1 mui T
o i
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£
T
I I
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a i
H H H
bty
H 7
s i
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Table IT
Vol of M/I0K,Fe (ON) saln=10o.c { Carvo 2 )

added Bioba) M Gaeq | Blobe) [V G050 E(obe
0.0c.c.| 0 2885vol) 6.5 0w, | 0 2630vol] 10%ca | 0 2335 ok
10 | 02845 70 |o2s1s | 110 {02540
20 | 0.2800 75 | 02500 | 115 |oasss
25 ) 0.Z1%0 80 o280 | 120 | 0363
30 |o0a760 85 lowses | 125 |07
35 102740 90 |oasso | 130 |o.ase0
+0 |ozm 95 102530 | 135 | 08348
50 (02680 | 100 |0255 | 140 02550
55 jozess | 102 02810 | 150 | 02600
60 02645 | 104 fo24z | 160 | 02603
106 toasss ! 170 oze1s
" Ty
it , B i
u:
1 I ! T T
1
3 r
12 1
T * I
T T I
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1
1 T
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!
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Table III
Vol of M/20 K,Fo (ON) soln.=w20 00 ( Curre 3}

/10 o8O 9 FelO 10 FeBO
IOI0 | (b [0TSR0 | gy furioFeBo | gy

0.0 c¢-| 0.2735volt] 10.00c.| 0.8435vol] 13.5 c.c.| O 2535volt
10 0.2710 10.2 0.2445 140 02540
20 0.2680 104 0.2440 145 0.2548
o0 0.2650 10.6 0.2442 150 0.2552
40 0.2620 108 0.2455 15.5 0.2552
3.0 0-2595 1o 0.1470 160 0.2560
6.0 0.2560 115 0.2493 170 0 1570
70 02538 120 0 2510 180 0.2576
8.0 0.2505 125 02520 190 0.2585
9.0 0.2485 130 0.2530 20.0 0 2595
9.3 0.2470

s

3
Ié




Table IV
Vol, of H/40 K Fe (ON) soln =20 c. e, (Ourve 4)

U ¥eB0 [ B (ot I"”""O B (cbe) I“m"  (obe)
0-0 oc. | 0 2503 33ccf 018 6.6 oc. | 0-2538valt
1o | 0.255% 40 [am10 70 | 0.a345
Ls 20 42 | 02400 73 0233
20 | 02498 44 03420 80 |o2%6s
25 (02475 46 [ 02458 90 |o0.3%85
30 {02433 5o |omes | 100 | o260
31 o 55 |o2508 | 110 [02815
34 [oaess 60 |owsz | 120 |0z
16 |ozm 62 |02s28

s+ logs
\
5
A\
!
\ )
=g S0
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REVERAE POTENTIOMETRIC TITRATIONS
W hen FaSO soln. 1a iahen n the slactrods vessesl and K Fe (OF) woln.
is added from the burstte.
Table V
Vol of M/20 FoS0, soln.=20 0.0 (Curve &)

B v DL o RS

0.0 ¢ | 0-3200v0d 28 cea | 0.243 4 8 c.co | 0.2905volt
a.0 0-3100 3.0 02935 50 0.2980
L5 0.3043 3.2 02926 5.5 0.2935
20 0 3005 34 0.2922 6.0 0.2995
22 0.2985 36 0 2920 635 0.3020
24 0.2970 4.0 0 2917 7.0 0.3047
6 0.2957 45 0 910 8.0 a.31 3
90 lo3180_
e
1 i
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H I\ I / r
+
iy | ¢
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Table VI
Vol. of M/20 FoBO soinm100.. (Carr €}

W’BYT—WWEF—[W
(3:)‘4 A fobe) ﬂm“ X{be gﬁl l T e

0.0 cc.| 0.2825volf  6.6c.c. | 02570 102ce! Ozen
org 03730 7.0 0 2570 106 C1u7
70 0.2695 7.5 0 2560 110 | Qzesy
30 | o288 80 o523 | 115 (o35
4.0 0.2632 a5 0.2495 120 o248
50 0.2608 9.0 0 2435 125 02495
35 0 25% 9.3 02435 115 02575
58 |0gs80 95 |omz5 | 150 |ogus
6.0 02570 97 0.2430 160
6.3 92570 10.0 0.2432




Table VII
Vol. o 310 FeBO soln. w20 c.0 (Curve 7)

X ¥ XF NSE ¥
ll?m l B (obw) ‘ u{gl) ‘ B (obe) ‘(g:’)d N (obs}

D.D .o DJZJDW‘% 62cc| 0 5025v0id 10 cc. | 0.2990voh

03180 6.4 0 3010 10.5 Q3003
20 03130 6.8 03013 10 0.3038
30 0 3105 72 03012 15 03070
4.0 0 3080 75 0.3012 120 03101
50 0.3060 8.0 0.3010 13.0 0.3145
55 03042 90 03010 140 0.3180
6.0 0.3036 9.5 03010
e
b \

7
3t ]
f bl
5]
!
LA ]
2
3 3.
! M
2y L
1




Table VILI

Vol of M/40 eSO soln.m20 . 0. (Ourve 8 )

hadd

"IE:E' \ R (obe) "(:guﬁ \ X( be)

HAE T
((Illr E{ b}

0.0ca. | 0.2560 tooc|0atierd 46ce|0.2410
08 |05 13 |oaen 48 |03
10 | oz 30 |0z 50 |oass
12 | oase 33 |oam 55 | ozes0
14 |02e0 54 oo 60 |ows
16 [os4r0 36 | oases 66 | o.ass0
18 |owe0 38 |oamo | 70 |oaso
20 | o1us 40 | o160 76 | oaso0
22 |ozmo 42 |[naso 80 | oze1s
24 | 0t435 44 | oz
u}
% 8
1Y 1)
A
o
I i |
2 t 1 H
" > y ¥qFe (X RDDE oy !
o, Fesoq

THE ey



Table IX
RESULTS OF POTENTIOMETRIC TITRATIONS
DIRECT TITRATION

When FaSOy is sdded 10 RsF'a (CN)  » the dactrods vessed

Vrevalmes lor16e Tihe wol viom
K. for { rmaslon
T80 | ol | Obwerved trom loulated f sompounds
sarves EF T (ON) T A[FeiON) 12

1) M/5 | M/20 53 oc 5 co 7 Sac
2. | wio| W10 104 cc. 10 co 15cc tor10e.a,
3 /10 | M/20 104 cc. 010 c.a. 13¢ce
4| us M/40 43ce 4co Sec

REVERSE TITRATIONS

When K Fe (CN) is added 10 FeSOx § the electrode vessol.
wrevaloea lor e, Tthasol viem

xr for! rmat on
Y80 {©X) beerved from Oal wlated of eompounds
ourres EFF (aN) T (FelON) B
5| M/20 M/ S 5 co 5 cc 325ac
6. ] M/10 | M/10 98 cec. 10 ca 680.c forllec
7| W10 | WS 10.0 c.c 10 co 6.6¢coc.
8 | A\/40 | B/ 8 3 50¢ce 4 ce 266 ce.
DISCUSSION

The geners] observation on the equiralence points is thei the
potentiometrio titrations glve only one point of equivalence in
support of the formation of the sompound kFeFe (ON),, which is
formed by mixing the reactants in the ratio 1 1 in gram molsoules
In the direct titration { whon FeSO isadded to K Fe (CN),} the
observed value fs slightly higher than the theoretical one while in
the roverne tiration the vostrved and the calculated values ximoet
exactly coineide

I may be obasrved that the nature of the iltration ecurves
obtained by the reaction of FeSO with K,Fe ((N), is unlgue
There % no abrupt fall at the point of equivalence as is generally
the ease in potentlometrio titrations On the other hand st the
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point of equivalence the B. M F abruptly shoots up giving & olear
indieation of the point of equivalence Ahboogh it s difffonlt to
veniore any satlsfactory expl nation of thh obeervation, we
conslder thet wueh behavionr may be possibls at the point of
equivalenos when there wre two different reversibl oxidation—
reduction potentisls set up in th ocourse of a partisular resction
Very few reactlons of this typo have been studied so fer by
potentiometrio titrutlon method and hence th re ia hardly any
reference of this type of ourve in the litersturs

I#is » known fact th t when s reducing substance sots on sn
oxid].rlng agent ;lrh nlarly {n presence of an acid and forms some
d the posmibillty of mutnal oxids#! nredustion,
how ver -mlll it may be ocennot be ignored In the case of
formation of Prumrian and Turob U'w blue this fact has been
referred to by Maoller and Stannish (Jour Prskt Chem 1009 (2)
7% 81) Holmenn, H ine snod Hochtlen (Ana! 1004, 1-38)
Bhattagharys and Dhar (Zeit Aporg Ch m. 1833 213 .40 248)

In the light of the above mutual oxidation and 1eduction
oxidetion potentials are ast up as follows—

Fo-+F (ON)‘”:Fe +F (ON)

On mixing the resotants, the system ocombines in itsell two
oxidation reduction potentials, one d e to the oxidstion of ferroas
ion and the other du to the redustion of Fe (ON) ** The equilib-
rium potentisl of Fer /Fe =~ and that of Fe(CN)8 /Fo(CN) ™ are the
factors to cantrol the change of potential st th point of eq 1valence

The drop of potortial snd its use mav be explained as f Nows:
The red—ox potentisl of the systom

¥ +F00y"‘:Fe— +FeOy “* is qiven by
[Fe-_] [FeCy **

mm o Tp % {7 (B0

o B e BB 90

D Pa 1 T

oc B=E
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At the point of equivalence the arbiteary ooncentration ratios
mey be supposed to vanish when E=E

Now inthe direct titration, E,FeCy, is taken in the Cell and
FoB0 fasdded from the burette. Ii is, therofors likely that after
the equivalence point has been croseed, the system retains only one
p;ndthered—uxpotmdumdmnbe expresscd s

lF°' 3
E-E°+ Txl’ Fa—)

Henoe, when Fe Increasca in the system the valus of E goes

on rising as is shown by the enclosed curves

In the reverse tiration, the system reduces 4o

E=E + Iog [PR%]L”% Hence on adding FeCy

fons from the burstte after the point of equivalence a wimiler ries
in potential oocura as in the former cane

The loopt in the roverse titrations seem to bs due to the
inoreased effects of adsorption. Bxperimental work s In progress
to determine the sxact reasons for the formation of such loops

ACENOWLEDGEMENT
Thanks are dne to Dr A K Bhattacharys of Agrs Collego
{or bia inserest in these invessigations
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DIAMAGNETISM OF

OXALATE ION

By
8. N Mukherjt, M 86
Chewnsry Departwiott
N R E. C College, Khutn

[Abstract: Diamagnetic susoeptibility of powder crystals of
Oxslio ocdd dihydmte and some inorganic cxalates have been
messured by a modified Guoy method. The rewulis are disousesd
in relation to resonance bonds in axalate lone ]

INTRODUCTION

Purllslivm b sad chemioal safuration
a & well establiahed faok; hente for molecoles with double bonds
which show & high degree of unsatnration, % in Pascal  dditiv
law Xu= — X w+ 4 whers Xy fs the gram molec lar susceptl
bility of the molecule N ja the number of toms in the moleeule
of susoepilblitty X, and ) Is the sonetliative sorreotion, skould
be large. This 8 borne out by experiments. It is fonnd thas
double bonds in molecules behave lik paramagnetio carriers
lowering the di th piibility This bohav of
molecules finds & ready axphmﬁs-n from Van Vieck's theory of
polystomis m lesules with xero spln  The gram molee lar
wusceptiblitty of such molecnles is given by (Van Vieck, 1935)

X - g 37 H A
Where 7ixa) =frequency sorreaponding 1o s
transttion.

e (wn") =non diagonsl elomert { the matrix
for the angular momentwm of the

—watom
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The first term of the expremion b tho well.known Langevin
term  The second term seema 0 be akin 1o the constitntiys corree
Uon factor % of Pascals Law and is positive like #,

In aliphatio scide snch ax Formie end Acetio scids, the
curboxyl group — o whish bas doable bond the value of
the oconstitutive correction fastor o aa deduced by Pasoal s

-+0.83 X ]0-* suggestiog that unsaturation arsing ons of double
boods lowers diamegnetism o molecules having xero spin,

It may be mentioned hers that chemical nnatomtion will
producs diff in the direstional fo properties of such
moleonles  Indeed bighly anlsotroplo dhmn.;ueurm ol «ingle
orystal of Oxalio soid dihydrate has beon reported by Lurd;]c
(1039). Heneo 1t would bet ing to study +

of fingle Oxalate erystals, The work on single crystals mln
progress and £ fy proposed to report about them in a futurs
communication,

The present communleation deals with the measurement of
powder values of some Oxalates dlscussed from the point of
influsnce of donble bonds on oxslate jons

EXPERIMENTAL

Chernfeals ased were of Merk's reagent quality recrystalilsed
{rom aquecus solution st room temperstures.

The modified Gouy method as devissd and ueed by Dowe
(1934} was adopted for the present messuremonts. The finely
powered substanoce was nicely packed in & long pyrex teat tube of
ooiform bore it was snwpended from ono arm of s semitive
balanes, the lower end of the tube way at the sentre of & strong
homogeneons magnetlo field while the upper pert of i was well
outside the fle}d. The foroe acting on the powder colnmn due to
the magnetio fiold was compared with that of Naphthalens powder
ander fdenties) condltions. A preliminary weightog of the ampty
teat tube fn the magnetio field supplied the y
for the container

It AW is the differsnce of welght of the test tabe with
powder substance {with the field oa and off), AW be that due
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to naphthalene powder and test tube and AW be thas dus to
test tube alone then
AW AW _ b=k
AW —oW b=k
where j, fa the vyolume susoepiibility of powder substance
b Is the volum wusceptibility of Naphthaleme powder
and b s the volume susesptibility of air

In sctual experiment a current of five amperes were passed
through the oolls of th magnoé prodoomg & fl 1d of abous 10,000
Gauss, pole gup being one and one fourth { n ch This fleld
produoed s force of sbout 06 gm. on naphthalene powdsr

RESULTS

Results of mea uremente are ocolleoted in table L X
represents mean mam suseptibility and Xy represents mean
gram moleoular susoeptibillty and are expreased in the vsual unfts
of 104 of « C G.B B.)M. unita.

The follow! g values aa recalonlated by Myers (194%) from
Angu s value using recent d ta for fundamental constants, wers
adopted for the evaluation of X for the oxalate group fn varlows
compounds, b, was taken t0 bs 4 0039 X 10~ and k. of naphthalens
was taken to be 0.5318 X 10~ (Krishnan and Baneril 1038}

' Table I
10N L —~X X 104
p:0% 7
K 123
Mg+ 28
Cass 102
Br 197

Bax 0.8




Table 1T
Data refors to 30 C,
o, Substanee X Xu 051:::6'
T

L | Ozalic acld dibydrate wee | ss8 | 1o
CooH
Coopy +2 B0

2 Ammontam Oxalate 4163 T 2 16
CooNH
oo, TH

3 Sodiam Oxalate 2033 44,6 3720
GoaNs
OooNa

'y Potassium Oxalate 8576 76 60 3380
COooK
Coor L

3 Magneslum Oxalate o854 67 B 38 8
(Coa)yMig, + 3H,0

L] Zine Oxalate 4007 77 60 38 2
{Coo), Zn,+2HL

7 Onloinm Oxshate o0 | w3 M1
(Coo),Ca

8. Strontlom Oxalate 3400 61 6 30
(Coo),8r 4 H,0

° Bariom Oxalats o oL 9 340
(Coo),Ba
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DISCUSSION
Oxsllo aofd dihydmte (QLH,0 3HO) erystals have been
studied by X-ray methods by Zachariasen (1934) and In groater
dotails by Robertson and Woodward (1838) They find thas the
moleonle GyH,0, i perfectly plane having the following interatemic
distances as shown In the figure 1

Fe—1

It ts of interest to note that both th axygens atiached o the
Carbon tom are not preoisely th  same, The dlfference in the
the {nterstomic distences v; LBL A and L34 A s too small to
distingoieh between s 0=0bond or » 0—OH bopd, It may be
safd that there s a partia] resapance betwsen the two bindings.
Measursments of hests of formation in Curbaxylle soids do indloats
the exlstencs of such resananoce energy of about 25K Cal per molscale.

The very small C-C distanoe (1 43A°%) as compared with
LBA for single bond diatanos mekes it olesr that thiv 0—O lnk
iv not « true single bond but mnsi posses same amount of double
bond chareoter These ¥wo resonance effects will lower the
diamagnetism of oxslate fon {n oxalic aald dlhydrate.

The valee of Xy for orslie soid dihydrate found by
compares {svocrably with that obtained by Lonsdala (1938) for
single crystals.  After making cocrections for the two moleonles
of water and hydrogen otom Xy for the oxalate as given In table
2ls —27 X 104 as aguinst —_3 X 10~ from Lonsdale value If
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in oxalate fon In oxalio acid dihydrate the above mentioned
resonance effects were abeent then Xy for such axalate fon should
be —38 X 10 a5 for O=C 1s —87 X 10-* and for two O=la
—2X 275X 10

This s exactly the osss with Oxslate jon in Ammonlum
Oxalate monchydrate X —ruy studies by Hendrloks and Jeffersons
{1938) reveal that Oxal te moleoule in Ammonium Oxalate mono-
hydrate has definitely differsnt from than thas of oxallo weid
dihydrate The OO dmtanve is largo and is 1.58A as compared
to 143A for Oxalic soid dihydrate This indloates the absonce
of 0=0 doable bond again the CO groups are also not coplansr
bat inelined to one another at an angle of 28 degrees Thas in
A fum Oxslate nor ispresent As a reanlt its Xy
shonld be near bout the valus 38 X 10- On roferring to table 2
we find its value is —30 X 10~ agrecing well with the value
deduoed by uws for no resonance

On referring to table 2 we find the structure of the oxalate
fon in Na K 13Mg, and Zn Oxslates hould be like that of oxalate
jon in Ammonium Oxalate as thetr Xy » ¢entre round —37X10—-0
the yalne without the above §wo resonnnco effecta.  Bas in other
oxalates pamsly Cs, Br and Ba axnl tes the siructure of th
oxalate {on may be presumed to be like that of oxalic aeid without
C=C double bond #0 that % in this case 16+ 5 4 bringing down
the value to —3% X10* Henos the CO groups of oxalate fon fn
these salts will be Cop! ner

Malefoasld (H O O ) also an open chsin aeid nd has
double bond like Oxalle mcid { H, G, O ) henoe i would be
interesting to compare tholr diamagnetisrn  Gray nd Dirse (1014)
give Xy for malelo aoid an -~ 405 X 10~ Eliminsting the
oontribution of two hydrogens and two carbons (which brings it to
oxallo acid) Xy comes out to be —32 X 10% which is also the
value for oxallo acld obtalned by us

It is seen that for axalio scid the seoond term of Van Vieok s
expremion, (equation 1) whieh may be Indentified with %\ has
got & value comparable to the first term. Now this second term
depends ou the mean effective abeorption frequency Thus a
change of temperature effecting the refractive index or the
substanee ahould chsnge the mean absarption frequency bringing
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1o & comsequental change of damegnetiem of axalis sacid. Thinis
nat usoally obeerved in diamagnetio substance. Probably . in
those substanoes Is very wmall and henoe the second term of Van
Vieck's exprestion f ineffective Henoo & study of the tempe.
ratore varktion of axalic acdd dihydmis may bring to light oectaln
Iniecesting pointa.

The work was oarried cut at the Phyxiosl laboratories,
Birs College Filanl. The aunthor wishes to express his thanks
to its authoritios for sffording facititiss far wirk and to Dr A,
Mookerjl, D Ba., for guidance and help
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Studies on the composition of Ferrous Arsenate and
Fernc Armenite. Part IV Conductometric
investigations on the composition
of the so called Ferrous Arsenate
(product of mming FeSO,
and Na,HAsO,)
By
Ram Sahai Saxena,

Chewsstry Depariment

Herbert Collage Kotah

The compoaition of the so called Parronl A_ue:uto has been

lludlsdby the method of cond trio ferroas
ph and d in aquecus and

alocholie di; The direcs ourves suggest that the
position of ferrons nearly ponds to the normal

compoand Fe, {A¥0 ) fn which the ratio of Fo Avfa1 66 In
the reverse ease (when Ierrous smm, sciphste from the burette le
added to sod in the titration cell the P d obtalned
Ly conductometry is the one in which the ratioof Fo Asia 111
The formation of both these compoutds has b«rn supported by the
inorganio analysis of the ferrons (Bt harys,
JICBH. 1849 26, NO 2,103), The dbcr'pt.uduimm the theoret.
esl ratio of Fe  Aware dne to hydrolysie sod sdsoeption effeots

There {s & meagre amount of literatars on the snbject and &
fow old referonces are avallsble MHermsnn Metske (Zolt Anorg
Chem, 1809 19 457), Willlam Dunkan (Pharm, Jour 1905(1V) 20,71}
0 Klemp and J Gyulai (Kolloid, Zeitsoh 1017 15 202), The
latest work is that of Bhattacharys (J I, O. 8. 1840 26, 2 ]103) who
anslysed the precipitates (fresh and aged) obtained by mixing
Fe50, sdd Na,HAYO at varloms concentrations and suggested



”
various emperioal formulse His resnlts suggested that the

4lon of the prostpitated 1 was 1nfl aby
(1) oxidstion reduction ph between the resch
(@) bydrolytlo cbaraster of the d (3) and ph

of adsorpilon which bring sboat oompl!.mﬂmu in the analytical
estimation of this componnd.

In view of the difficulties amsociated with anslyticel work,
stiampis have been made in this paper to Investigate the compound
by phywico-shemicel methods which seem to throw further light on
ita composition Whil the resalts of potentiometrie thermomaetrio
and amperiometrio measurements sre in progress, ths results of

a y aro being foated In this puper

EXPERIMENTAL

Morck™ sample of Ne,HAsO 7HO was sed and the solution
was mandardised iodometrically agninst sodinmthiosulphate of
known strength  Merck s sample of ferrous ammontum sulphste
was recrystallised in aleohol and the dried sample was kept in the
dessicator Its soloflon was standerdised against KMnO o3 wenal

The d vities of wers d sa umosl by
Kobtrausch Unlyersal Bridge (W G Pye Ltd.) The conductances
were then eorrected for the dilution effeot (Davies *The condnctiy
ity of wolutions p 248) Using differsnt concentrationa of the two
salts In solution titrations were followod both by the direct nd
the reverss methods (i. e., when sod. arsenits from th burett w s
added to ferrous ammonlum sulphate in the tiration oell and
vioe—versa), Th titrations wers aleo oarried out in presence of
varying amounts of aloohol 2%, 3%, 10%. Th ocorrsoted condast-
ances of the solution wece then plotted aguinak the titre and th
equivalence point was noted by th intersoction of th strwight
wtinna of the curves

From the titration values I dotermined the ratic of Fe:Asin
theeo compounds nd cobrpared them with thoes obtalned by
soalysis (loo elt) Gonductomstria titrations wers oarried out t
varlous ' of the reactants and u summary of reschis
haa been given in the following table for ready reference Ve




Table I
DIRECT METHOD

When NanHAsO from the bureite was adied to Ferrous

dwn. dphats im the triratios cell

VI TR mis
¥V iof Vol [ ¥ Amm el
ottt 7 oo |l |23 Tl

/5.7 Ko (ous) 2 oe LX) T{0 a0
Amm sulphate 108 4 132
BT Ny 180 Lo 131
18,0 20 131

© (ous) oo 0000 Hboo
Amm -n}l}ﬂnte 198 4 132
3/8 593 Na,HAsD }9 0 10 130
80 20 128

TN I8 Ve (ous) Hiloo Bl0oo )
Amm » lphate 180 4 133
}/11 40Na, HA»0 100 10 131
18,0 20 131

!]/'lBIo(mn) B0c0 U0 oo oo
Amm sulphato 190 4 132
M/21 53 Nay,HAwo 190 10 133
180 20 l 138

Table II
REVERSE METHOD

W kers Ferrons awim silfate soln. wa added from the b rette

1o NasHAS) sn the titration cell

1 oot Vol ¥ (ome)
Cooe of reastants | ‘erkemstona | “tuchet e
taken added enr oa)
AN Fa(u\ul EU 664:0 00oco
amm solf te 18.0
Al/B 7 N\a HAKD 1..0 10 170
180 20 __ 100
Slm]ﬂﬁfo(wl) Ul ooe. 00co [
amm. sualfste 106 4 190
3178 693 \a,HAs0, 190 10 180
180 .0 _ I19
“MITIE Fe {oun) E:ﬁ 0., 0000 ©.0,
amm, sulfate 196 <4 100
M/1146 Na, JTALO 190 10 182
180 0 171
o (ous, R.0on. | Oboo 08co
amm aulfate 19 4 188
317215 Ne,HASQ, I s 190 10 180
180 20 170
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Table HI
Composition of Ferrous A by cond y (direct method)
Ton oliberes tante n‘ -.,dnh h-»,um TRalwhol
¥ wmo. »ol

Bot & X HAsO l’ A l ¥ 1A
M/57 & M/5.7 17 1 674 1 608 168
34/B.593 & )M/8 585 17 1674 1 685 1 661
/11 48 & M/11 46 17 1674 1670 1.663
M/215 & M LS 17 1674 1 670 1 688

2t

EFE D
,.-JH 1
Ry

H et

b
|
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Composition of Fetrous A ate by d Y (Beverve mothod)
Tom Tiheresstante | Aqoesss »hoc-l%-uohl ~Taleak Tio
¥ amm | ron sola
Set&N HA Oy T _As b A l ra T i
MBTEM/BT 1108 11088 1112 11138
M/8.590 & M/8.505 11 L103 11035 11059
M/1L46 & M/11 46 11 11.03 L1035 L1052
M215&0/318 11 Llos 11033 11058
Table IV

Composition of Farrous Areonate by Inorganic Anelysts
( Bhettacharss JI1C.S 1949 5 2, 708

Cena of the rea tenis Formula Jl’ A

1 Aq M/324 Fef0 &
neutral /3233 Na,HAsO 6" 1aFe  (AsOy), (A0 | 1108

3. Acidified H/324 FeB0 &

peutrsl 1/3 23 No,HASO  [Fuy, (400,), (A20 },, 1108
3. Aoidified M/8.56 FeB0 &
3/3 23 Ka, HA®O €rus (A20L), (AR0 )y, L0

4 Acidified X5 FeSO &
neotral 3/6 Na, HArO e.s (AP0, (A20 )\ 112

8 Acidified M/10 FeBO &

11/10 noutral Na,BAKD  [Fay, q (AsOg), (A6D,)n 111
DISCUSSION
It olnervod thet by adding ferrous ammoninm sulphate to
dleodium hydrogen b white iphate i3 fim

formed which gradually uumu- & dark green eoloa I.n 10 minutes
time Bat in the roverss cise when Na,HAsO fa added to ferrous
ammentum wullst the dark groen precipitate i formed Immedi-
utely It eeems fn the farmer cass the colour chanys s dus to the
adsorption effsct and slow hydrolysh,



The eonductometrie itration eurves yiekd only ope polnt of
equivalenco indieating the formatfon of only ope compound
In the onse of direct sitration the compowition of ferrons arsenste
neatly oorresponds to the normal compound Fe (AsO ), In which
the ratto of Fo Asis1 68 Tho ourves {n the reverse titrations
suggest the formation of & compound In which the ratlo of Fo As
ts pearly 111 whioch is snpported by the anslytics! resnlts obtained
by Bhattacharys (J L C. 8, 1049 26 103) vide table IV In the
presenoe or noreesing amounts of aleoho! the ocbestyed titre values
graduslly approsch the theoreticsl values, becanse aloohol contri-
butes to cheok bydrolysis and adsorption.

In view of the observations of oonductomeiry and thowe of
quantitative analysis, it can be reasonsbly oomolnded thas the
formation of ferrous ersenate ¢ complicsted by many factors,
The rote of P of the soln. adsorption, hydrolysis, and mutusl
oxtdation and reduction are the most important fectors which are
respoosible for the variation of the position of the pound
formed under different conditions.

T
Aetr—The thor' grateful thauks ars dwe to Dr A K. Hbattacberys,
D B¢ 1 Agra Collegs, Agra for hie guidanse,
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STUDIES ON THE COMPOSITION OF CERIUM
(CEROUS) FERROCYANIDE COMPLEX BY
POTENTIOMETRIC METHOD

By
Ram Sahai Saxena,
Chemustry Departmaent
Harbert Collage Kotah
The eompodttion of cerous ferrocyanide has besn determined
by potentlometry using th ferrfoyanide—ferrooyanid eleotrod
The somposttion of the compound eerous ferrooyunide indieated
by potentiometry is the mne corr dimg to the lecul
formula Oe [K Fe (CN),] Th discrepsncies in the equivele oe
points from the theorstical values have boon explained ss being
doe to the adsorption of Ce™ lons by the precipitated complex.
In th presence of 30% loohol the titration curve has a regular
shape nd the theoretleal nd the observed Htre valuew for the
formatiun of the compl x Oe [K Fe (CN)y ] elmont ooln ide
In contivuation of my previous commu testion to th
J I Q8 entlithed, The compoudtion of cerons ferrooyanide by
ocopdu tometrl m thod thiy paper contains my obssrvations
obtained by potentiometrio tHitmtion.
Acoording to the equation

[FB(C'N? j= [FB(CN).] + e

the oxidstion p 1 of the { rricy id eleotmd
ia given by E=E +0050 10 {g"f L wro
Solutiora of Cerows nitrst were titmted against potami m
ferrooyanid st several of these react ™

reverse titrations only (When K Fe{CN), from th burotte was
added t cerom nitrate in th beske ) gave satlsfaotory remnlts.
Fe(CN), /Fe(0N =~ eleotrode was pevpared by dding « littls 1%
solatfon of potassi m ferrioyan!d to k Fa(ON), »ol (Gal tt
Bull Boo Chim 1864, 11, 2, 83 Z. anel Chem. 1885 4, 213).
In the titration of ceroum nitrate with potassinm ferroeyanide mo
1 b sa there 1a an exorm of Co ~fonz in the sol thon \heoonounq-n.’
tion of ferrooysnide ie small and so the pot ntlal of the lectrode
s high Near th eqoivalence polnt when th oerous jons are
quantit tively precipitsted the nexs drop of ferrooyanide sol tion
dded to cerous nltrate eavses an inerease in [Fe{CNL] ~ andh noea
Jecreasein th oxidstion potential ocours The pofnt of equivalence
oan therefors, be read fram tha natentiomeatrin tiration eurees



EXPERIMENTAL
Merek s Ansla B resgents were used, and standard solutlons of Corooe
nitrate and potamium ferrooyanide were prepared. In all the tlirstions
potasdum ferrooyanide containing 1% m forrioyanide was weed
{Eoltho!f and Furman Potentlometrie Rleotrods used was of
platinised platinom ol (Alaller Z physicsl Chem., 1914 88, “), and 1t
wasused {n confunction with a d calomel el de, The ¢

werse ahwo carried out in presence of aloohol upto & total conoentration of 30%

by volume Curves wero plotted betwoen the vol, of ferrooyanide added

and the E (observed) and from the fsll of the curves the equivalence
t conld be found ont.




Table I
Cooc. of K Fe(CN)y=M/2 Cooc of Ce{NO,) =M/10
Vol. of Cerous Nitrate iaksn=20 ¢ o
Alechol sdded=Nil {Fig. 1 Carve 1)

T Y ¥ ¥

(oM ; ™ be) I(G'N" E{obs) ¥ON) \ E{ be) &') E{ be)

added added| pacdded ded

00se; 4612 valt|l 8 3350 volt 3.0« «| 2980 volt{4 2ua| 1884 volt
4 2.0 |.3280 3.2 2850 1

4 240 4 830
8 1.3892 335 8 4 2680 6 1830
10 3712 4 | 3191 p.6 U565 8 1815
1.2 3600 6 |20 3 8 2705 3.0 1800
14 3503 28 . 3043 40 2010 32 1790

Table I
Vol of M/10 Ge{Noy), taken 180 o
Aloohol sdded =20 ¢ (Fig, 1 Curves)

- !9 4 ) § T

(ax) E{eba) |(CTF) | ™ b E}F) | X{obe) {(OM) E{oba)

added added ded added

00uc! 4514 valt 14+ | 3210 volt[27 | .2B20 volt]3 Tac| 1920 voilt
4205 16 18

1 3138 29 | 2740 12
3 14010 19 | 3088 1 |.021 t | 1780
4 (3250 |21 | 3000 .3 | 2340 3 | 1738
6 | 3608 3 | 102 s | 761

10 | 3388 590 7 'iem 4.8 1740

Table II

Vol of /10 Ge{NO,), soln, taken=18 0 0
Aloohel nddadn( ] qm: Oarve :)

KT
@n,| mw (o!n\ E{obe) ((my x.m.)E | =
sdded

0 0wn| 4210 vout 3203 volt z 3... 2832 volt (3 1es | 484D volt
2 1 l 3130 23 |.2760 3.6 1764
3 3665 13 3100 27 610 38 17 0
4 3504 13 3050 29 1542 0 1690
5 3400 17 3006 31 1108 2 1681
7 3232 19 '.29% 3.2 20m 46 1630
Table IV

VoL of u/m Oo (NO,) soln taken=14 o, o,
loohol added=80 0 (Fig 1 Curre 4)

c‘v??-il' m‘-g-ij'lc{m Dver EndLl et l‘-‘ﬁdl ey

of 2945 volt 20ua 2805 volt |3 Zee) 1730 volt
1914 1690

sd

0.0vw] 3560 voit {1 Ou,
1 3603 12 2 2743 3 4
T (.33%0 14 %0 4 278 & 1662
4 3170 16 68 2550 5 1640
A 1.3002 18 2840 30 1790 40 1632







Table V

Titration between M/SK Fe(CN), #nd M/20 Ce(NOy),

Vol. of M/20 G&(KO,}, soln. takenm2l o c.
‘Aloohol 1ddedm N1 (F1g 2 Oarve 5)
E( bay B{ ba} GK\\ X loba} B{ bte
ad 'added|
00s |4395 volt |6« | 3200 volt |5 Gas| 7742 1.8+ 2014 wolt
2 [4042 1.8 | 3l50 5.1 2693 (5.0 | 1840
4 812 2.2 | 3038 2 2560 I54 (1726
B 500 .6 L2930 4 240 I5.6 | 1683
1.z L3330 8 rﬂ‘n 6 4224 60 |1646
14 13258 32 '2%20 (63 '1600
Table VI
Vol ot M/20 Co (NO,) =180 o,
Aleaho]l sdded=2 oo 3 curve 6§)

kﬁn‘;\n \-)E!‘p % (b0 fom | miowe komy Biw
Gal Bt i M it ’

0 Ouny #170vlt [l 4ea] 966 vol3.0s | 7600 voltt 25 | 237 valt
2 3es3 Jue ] 2895 [z | #4568 [+ | 2003
s |3z [20 (w1 D4 |2y fie | 1m0
8 |3282 |22 | 78[58 | 25 [is | 1728
to | %s2 ‘26 | men 4o | pm lse | ek
Table VII
Vol of M/I0 Ce (NO,) tkenmlIf o
Alochol added=4 0,0 (Fig. 2 Curve 7)
R ¥ ¥
()| E(oba) E&| E( be LMJ X (oba) lm‘djﬁa X (be
addad
0.0es| $020 voldl 3| 283 vol 3530 v s 105 ok
o] Wi e RS e 1902
S5 |7 |En B he [S )i
7 l3a0 [20 [as0 [ | s (14 | 720
9 |30sz (12 |1z B3 | mia he | 1600
11 1298 lzs {30 |7 L os0 s | 1ses
Table VIII

Vol of /10 Ca (NO,), soln. takenm1d 0.0

Aloohol added =8 a0 (1-1;. 3 Ourve 8)

o] A uh{ (w0 Biba fom | Mo
0.0ur, 3345 vOR 12 e] 780 vltihee TAIE  [S¥as| 1667 voll
z 3518 16 508 2374 +0 1612
4 |3 {6 |ww sz |z ha | 138
s (s ko | a3 By [me  fre | 1380
e 2o frx | ase i1 L 1 1s
10 8 2450 .0 1484







Teble X

1

Thiration bacween M/13 K, Fe (CN), aad W% Co (KO,)},

Vol of 1750 Ge (Nl

1oin, takeam2l 0.8,
{Fig. 2 Qurva )

c'éx);'} Mits [y Bisb) R 240w R fobe
0 lll 0] E i B
0 Ous | SBEG wORTL{ o] TB55 vt bus | (2383 voil3 fan] 3006 volf
2 ]3638 e | 700 WA |.4345 R0 | 1
PR mss 50 | jea | s
3 {314z B | mie [z | mm ks | g
1.3 | 58 3675 [e {208 ks | o17s8
16 ) wx  bo 135w fss 1neo  fex | 7m0
Table X
Yd. ulﬂ,’w Oe (KO, woln, takvnwid s o,
mnod added=11 6., (Fig. 3 Ourvs 10)
v B v B e B T
20y we (b0 tom) ¢
00 | 3390 vl dea] D50 vall v 2818 VoR 8 8., T3 vt
$ {3 Rr | omed 2495
D13hs EE o I3 |3 2 | 7060
8 | o8 wor  f¢3 | M8 PRt
1y |28 2| B8 bs | MO0 6 ] 1861
15 tarm By | gy 1789
Table XI
Vel of Ap0 e (D, s, takencs 6.
Alachal eddedmd 0.0 (Fig. 3 Ourve 11}
LT
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Table XIII
Titration between M/40 K Fo (CN), and M/100 Ce(NO, ), solation

Vol of HJIO&E:&NO%M ﬁl-hn-to L)
(:;m M (obe) [ON}e| A (cbe) U!LJ B (obs) péﬁ) B { be)
u.o.-{ 3510 vol 2503
4
3
14
18
2.2

2270 voitl7 1, 1825 wolt
2240 b | 1760
2180 78 1620
2135 Bo 1340
2120 Q2 | 1480
040 6 | 1440

3105 P2 | .2455
<2880

2695 2 2370
220 H8 | .2320
2560 50 1305

Table XIV

Vol. of W/100 Ce (NO,), saln. takenwigo o,
A]onhol sdded=1 o o, (Fig 4 Curve 14)

‘M_Lx(u SHEES k«uj X (obe) Ld_j nw

0.0we| 3280 voltj2.2an
4 |.2910 1.6 2.115
£ | .269%0 po (.29
1.2 piit] 134 2235
L6 | 2465 3.8 %20
18 ' .2440 al 2200 3 4

Tablnxv
Vol. of M/100 Ce(NO,), saln. taken ]
Aluobt{lﬂuldbdnto e (Fi;.(gﬂrvgﬂl';)u

@] = fon] o fG] se BT e

=
™
™
&
2
coanis

0. <3085 volt[2.0ee] 2300 voit[4.0ve] 2090 volt ;5 8,51 1900 voit
2 |.870 2 |.2173 4 4 2060 E:o 1813
4 |20 26 |.2230 65 | 2040 5.2 1700
B |88 18 |.2m3 48 010 5.4 1480
12 {2438 [v2 |0 52 | 19% 1420
16 12360 Ias 125 s+ ) jo80 ks ' 1378
Table XV1

Vol. of M/100 Ca(F ), soli. taksnely
Alochol saddede=6 e.e. (Fig 4 Curvy l:)o'

] l E(obe) ) | Eoba foon,| By
2330 volt ). 5] 1585 vait 1820 volt
ans A | 198 « | 1sis
280 [r1 | 1950 1580
s s {1930 s | 14m
2070 7 [ 192 o [ 1360
2018 5.0 1890 4 1320
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and alcobollc l:ntdll:lm
P " btamed [rom Carres
8o

Summsry of results of Insq

B *

in 20% aloohol kh(om,]
in 30% alochol
in 10% alechol] Ce K
in *0% alochol [FO(ON).]
in 30% aloohol
in 10X aloohol| Ce K
in 20% alaohol [Fe(OV},]
in 30 alcoho!
o 10% alechol] Ce K
18 207% alochol |{Fo(CN),]
in 30¢ sloohol

X"

=3

xS
o

&

o Chapww
BEISI3IVER

DISCUSSION

From the above summary of observations in table XVII s
will b olear that the potentiometrio titrations give only one point
of cquivalence 1n support of the formation of the compound Ce h
[Fe(CN),] whers the moleoular ratio of the [K Fe(O\)
and Ce(\O,;] is a3 1 1 It i further to be noted that the
polnts of equivalepcs in squeous medlam ary alightly lowoer than
the theoretical valoes required for the formation of the above
compound Koltho!fand Furman (lo¢ eit jand J[ullerand Takagaml
(Z anal, Chem 1023 73 284 )aleo obsorved that in precipitation
reaotions the maximom leap did not ooour at the theorstical point
of eq Iralence This discrepancy between the theorstical and the
obeerved titre valnes may be due to the sdiorption of Ce fons by
the precipitated complex which wouldtend tolower the titre ralues

My views on adsorption of Ce  ions by the preoipltate are
supported by the titre values in proasnos of aleohol It will be
seen from table XVII that in presencs of nereaslng amoants of
aleahol the observed titre ralues gradoally go up to approach the
theoretical titrs vslnes becauss alochol helps to suppress the
sdsocption  In presence of 30% slcohol thepatentiometris titeation
eurro has a regulsr shepe snd the theorotical snd the obeerred
titre yulues almoat colneide

'l'ho potentiomstrio observations are I confarmity with the

trio resalts i d in the previons papor

Nm:—!lmlo(ﬂlhmmduul) A K. Dhattashs of
Coliege, Agra for his valusble rugpesiioa snd
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RHEOCHOR
PART |
(A Cotical Review)

By
M V Subnis
Chenistry Departwent
Maharaja s College Jaipur
Chemists have for long sought, but with indifferent sucoem
som expression $hat would co-relste the somposition and strooture
of & liquid with its viscoslty

Dumston and Thol ¢ showsd that in ocertaln homologous
wories, & lines relation holds botween the m lar weight, M, and
log n ai convimné tempersture wh o n s th vieoscwity They
evalusted soveral atomic group and struetursl constants but the
vul o of thess ts sevurely reatricted. Beosnse ny welected tamp-
eraturs can only be within the range of lignidity of a relativ Iy
small number of substanoes. Linke ming Sheppards equation

Iogn=A+B
T

showed that conetants A and B vary lincarly with the number of
carbon stoms n the hamologus eeries, but this again is too restrioted
t0 bo of gonera! use

What was really needed therefore was som f otion of
vhoosity that is practically independent of th temperature ove
s considersble range In o series f papers Horx! ahowed th t
X® 12 2 constant for nonasoctated lignids aver such s rnge D

belng the liquld denxity

That & connectlon hould exist botween vircomdty and aurface
tenalon has long been realited. Bharma pointed ont thatlog 8
0 being th surface tension is in certain cases ¢ lnear funotion of
log n over s restrioted range of temperature A neat expression
was obtalned by Silvermsn and Rosoveare who comtdned
Mualeod s equation with earller cne of Batschinki? end btained

6-lmA/n4+ B where A and B are constant,
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Friend* pointed out thas over & eonsiderable range of
tomperature from jusi bslow the bolling point db'n'lrﬂl, 6/t (s
. for {ated sub thns expressing 1l
in miltpclses, he obtalned

K=6/(10%)t
Tempeo. 10%e. 20%. 400 80° 80%
Benxene 1o 114 ne 120 118
Mothy] Butyrate 10.2 104 107 107 108
Bromine 18.0 133 133 133 —

The valus of K varies oonsiderably with the nature of the
substances 8o that K s by no mesns s universsl constant. chuo
for a given liguid K will remain constant only overa p

renge in whioh the structure remains substantislly the same

Bugden® tn 1924 showed thas, M8y D which he named the
Parschor fs sn sdditlve gnantity {ndependent of temparature
Friend repleced 64 by n/s and showed tha the quantity Aal%/D
i fndependent of tempernture over the range for which K fs
constant, He named thls constant a8 Rheoohor

With all liquide B rises as the melting polns is epprosched,
This is probably due to the ping or ort fon of the moleanl
which ooeurs prior to the solidification. On the otherhsnd, R
again rises with the temperature from the bofling point upwarde.
At these temperatures, the vapour density ‘d beoomes sppreof
able and replscement of D by D42 d gives & comstant valoe for
I over » greater temperature range

1
Thus by using the relation B —W
he obtained the following resulty —

100%. 140 o.  180%

) 1005 1098 1092
ot ¥ 101 1306
{
e kY
o:3 s Lys
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For assoolsted Nquids og sloohols B falls with rise of
for wuch wab boiling point 4 & sonvenient
tomponhn—o(uroonpa.rbon of B. TI% wus further found that B Ja
additive and anologous (someride yield elmilar values. Isomeride
of different types howevee yiold same what differens valuss. For
monomerio subwtances, fnoroase of external pressurs appesrs to
h ve only a slight effect on B It was further ghesrved thas for
monomerios R 1s 2 deflnite fraction of the molar eritical volume
Vo. Thus

B Vo RfVe

Benzene 1104 =70 0418
Chloro Benzens 1300 070 odas
Chloroform 0.5 D14 043
Eihyl Acotate 1185 2880 04l
Mosz = 04

Friend and Hargroavest! extonded thelr work and determined
Atoummwmmumumm
The work of Friend nd Hargreaves as rogards the atombo miruo-
tural and group Rheochors f sxmmartzed in the table below

Awmk end Groop Rheochor

o 128 O=(Kelonla) 132
O ( Btherlo } 100 O0-Valens Bond 00
H (inordinaryC-H) 58 O0-ordingte bond 0.4
H (in0-0H) 100 a 173
H (in HCOl) 97 Br 358
H (in HBr) L8 I 478
H (fmHI) 150 N (-) s
[5) : YOOI - T |
O H (sttached to alicy]l radioals ) 1007
COO (Acids and Esters) 380
NH 2006
NH 138
aN 0

Baturated Bhrmembered ring -58



118

The use of Rheochor ip solving rtroetural problems fa of
importance. Inocessol paraldehyde for example, as mentloned by
Glesstone 3 the parachor ming Bwgden s deta, doss not snable
» dcohilon to be made between the two pomibls eyelic formmia.

a OH (OH)

OH, [CH HQ |CHs

OHCR
1 u

The obserred rheochor of parsldehyde fs 1720 that of
scetaldehyde ts 824 According to formala (I) the difference
betweon parsidehyde and three moleculesof cotaldehyde coneints
in the remova) of three ketonke double bonds and formation of
s stomted six membered ring Hence the heochor of paraldchyde
shonid be 3x 624 -3x32-506=1720 For formuls II rheochor
2 185 5 0 the aridence is strongly in favour of formula (I)

ok on theochar haa also been done by some other workers
Brivastara® studied the yardation of rheochor with tempoerature.
He calculated the rheochor ysloes for & number of organte liqafds
With noemal lignfds ( e with hydrocarbons end esters ) the
rheocher B ahowed a abipht tendenoy to decrease first and then
iporease as the Lolling point was spprosched.  The total variation
{rom the mesn was 3 05% In the caso of amoclted liguide
(e §. water and alcohol) R decreases with the rise of temperature
and the vartation from th mesn s greater

“ayer and Srivastava't ueed rheochor values for the stody
of the constitntion of todio aekd They drew gruphs of rhoochor
{ also parschor  nd molesular refraction ) agalust concentration
of squecus 110, which showed discontinafties at O IN and 0 04\
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They therel ggeated that in d solutlons { HIO )
s the dominsnt form and that this changes to dlamer at concen
wations < 001 Below 004N the monomar exists mainly In the
fontred state. Th y aleo postulated, the electronic siruoturss of

these forma,

Nayeor and Pande® tried to study the { rmation of complex
oompounds betwee lead nltrate snd alkall nikatee (Th system
Pb(NO ), -NH NO, -H O was studied.) A solution contaning &
constans amount of NH KO, and intreastng amoant of Pb { KO ),
were ex mined with respent to rheochor vissosity parschor and
some other properties. Each of thewe properiies when plotted
ag inxt eonsentration showed three distinot breaks which ssecrd
ing to them correspond to the compounds Pb (NO );a NH, NO
where n 1 2 wand 4 and th & they wystem reasmbled that of
Pb (NO) -ENO -H,O rather than Pb (NO,), -Na NO -H O

Bhagwat and Tos iwal ad anoed the view that rheoohor like
parschor oan be determined by the solution method, both for
Liguide and solids by the expreasion

Rm=R (1-x}+xRx

Where Rm is the rheoshor of the solation, B, th rheochor of
the solv nt, Rx the rheochor f th solats snd x and (l-x) the
molecular frastio of th wolmbe and the solvent rewpectively
From the reenits given in the year book of 1837 th y showed the
applicability of the law to wugar solation. Bhagwat snd Mandioi!
ext nded th work. Bystematlc work on this problem was owrried
ont by Bubnl ood th d taile of the work ere given in the
next paper
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RHEOCHOR
PART 11
(Application of Hammick and Andrews
Equation to Binary Mixtures)

By
M V Subnis
Chamriry Depariment
Maharasa s College Jaspur

Bhagwet and Tommiwal! suggested that ks parashor rheoschor
can be determined by the solation method, both in case of wolids
as woll ay the llquids by th exproesion

Ru=R (1—x)+xR,

where R,, Is th rheochor of the 4 B the rheochor of
the solvent and R, thas of the solute whose molecular fraction x is
dissolved tn (1—x) trastion of the solvent.

Ra is given by the expremion
B..-H' ni*

where Mu=msan molecular welght of the solution
n = visooaity
Dp=donsity of the solntion
My, ia obtained from th relation
M= M (1—x)+xN
Mand M being the molecular weighta of the solvent and th
woluto respootively

From the resnlts of n and D avmbable from ch mist
yearbook of 1037 they trisd the applicability of the law to the ngar
solutions. Bhagwat and Mandloi' extended the work baut no
systematio work was done, H nos to test the applicabllity of th
law more extensive work was oarrled cod by us Hammi k and
Andrews* in their originel work on th spplloation of the mixture
law to the parachors of liquids divided th liquid mixtures in th
{ollowing gronpe (1) non.asmoclated solutes In amoclated solvente
(2) amtociated solutes {n sescclated solvents, (3) associated solates
in non-amooiated solvents. We bave carrlod out the work ou
pleaflar lines a4 yarlocs temperatures and in general found thas th
mixture law fs applicable In most of the cases,




Newton and Friend! in their ociginal work, give the value of
rheochor st the boiling points, since the values are constant only st
that temperature  Our work s carried out st lower tomperniures
and us such our values do not colneide with the theoritical values
However as wo are more ooncerned with the application of the
mixture law and not the absolute rheochor values we have only
scon tho sgreement beiwesn the experimental rheochor wvalue of
the pure liquid at & partioular temporsture and jta rheocher value
at the same temperature caloalsted from the mixture law

EXPERIMENTAL
Viscosity of the liquids and the solutions was determined
with the help of Outwalds Viscomoter The same Viscometer and
the same volume of the liguid wes alweys used. A stopwaich
was used to pote the time of the fall of the fluld between the two

marks. The temp way (ntalned b the
limits of + 01 by jmmersing the viscometer as woll as the
prk {used lor d inatton of denslty) in a thermostay

Soletances used wers A B B D H. or Merck samples and the
lguids were distilled before the uss

1{n,and nybe the viecouity of the solution and the water respoct-
ively d; d, their dorwittes and i and t, the time of fall then

54,
'I‘hn visooalty and density of water at the tempersture of the
was obtained from standard tables and the valus n

(th- visoosity of the solatlon) was calonlated. Asthe viscvsity n je

{ound tobe very smallthe value n x 10°s used doring the calonlations.

The rheochor of the solation is then caloulated by the expromion
Romlia (n x 1040

while that of the liquid by the equation
Rotlax 1o

where Ry, and R are the rheochors of the solation and the
pure liquid (solvent) M, sod M the mean molecular weights of
the solution and of the pure liquid and Do and D are their
denxities respectively

R, the rheochor of the solute M caloulated by the relatisa
slready explained vix Rum=(1—-x) R4xR

Extenaive work was drmu 23 rogards the nppllumm of the
{aw bat ouly few rep cnsen aro tabolated hero




LIQUID LKQUID MIXTURES
Rheochor of Acetic Acld (i Beaxene)
TABLE 1 (Temp 20%)

x D, | axw? 1 M, B, R,
0.0000 | 0.8782 6.79 78.00 1128 —
n 2158 0.8%64 6.38 7410 1045 751
0.3643 0.9140 6 B4 7143 9.5 76.2
04322 | 09210 670 70713 974 76.5
0.5713 09340 684 £4.60 954 770
Q7311 0.9520 78 64 82 8712 778
0.9 09731 B8 61.37 a9 791
10000 1 0465 1103 60,00 — 78.8

AMean=76.9
TABLE 2 (Temp 28°)

x l D, t ax1? ' P l R I B,
0.0000 | U 2746 643 7800 1126 —
02158 | 08944 632 7410 104 3 745
03643 | 09100 6.61 71 43 994 756
04322 | 09191 6.50 7073 97.2 76.)
03213 09312 6.63 68.60 93.3 763
0.7321 N 9480 6,68 64 82 857 772
09133 | 09881 716 6137 81 78.5
10000 | 10432 | 1098 60.00 — 78.0

Meaan=764

TABLE 3 (Temp. 30°a.}
x l b I nx16d M, ‘ R, R,
08703 5 78.00 120 —=
O 3158 0 1904 L3L 3410 039 T4y
03643 | 0.9072 6,28 7143 991 753
0432 |, 09152 624 70.73 971 75.8
osns | 099 642 63.60 931 76.1
0.7321 0 9430 6.53 6+.82 859 76 4
0.9213 0 9631 710 61.37 80.0 7.3
1.0000 1.0437 1055 60.00 - 77.3

Mean=7348




Rheochor of Benzene (In Mcthyl.Alcobol)
TABLE 1 (Temp 30°)

x ] D , x 10 ’ a T R, ’ B,
0.0000 | 07903 560 3200 303 -
01598 | 08127 564 3938 602 | 111.8
03449 | 0.8307 5.63 47 87 726 | 1115
0447¢ | 08420 559 5336 785 | 1112
07425 | 08851 546 66.16 957 | 1114
08777 | 08506 540 70 08 108 | 1113
10000 | 085646 5.70 78.00 — | 1zo

Mean=111 4
TABLE 2 (Temp 40 o)
= | B | =10® | Ma i R, J_ R
’ _ JR——
00000 07823 490 3200 | 500 -
01598 | 08037 491 392.38 598 | 1103
03449 @829 5.07 47 87 [ 711 1107
04474 0.8321 478 53.36 780 | 1099
07425 08468 469 65.16 948 | 1104
08277 0.8534 450 70 08 ( 1002 | 1106
10000  0.8337 490 72.00 | — | 114
Aesn=110 4
TABLE 3 (Temp 850°c)
I b , a 10° l a l R } By
i i
0.0000 07747 416 3200 497 =
a.1598 Q7971 411 3938 528 ' 1090
Q3443 013l 408 47 87 70% | 1091
04474 08238 414 5336 774 | 1096
07425 0.8385 411 6616 940 | 1096
08777 08420 413 70.08 954 | 1098
1.0000 08447 415 78.00 —_ 106.2

Mean=109 4




SOLID LIQUID MIXTURES
Rheochor of Ures (1o water)
TABLE 1 (Temp 30 o)

x ‘ D axi0? 1 M, ‘ Ry { R,
00219 1 0210 933 1892 246 543
0 00845 1 0400 8.72 2002 33 60.9
0,099+ 10760 991 1218 s 63.8
01318 1 0960 10 87 23 5¢ m9 632

Mean=61.2
Calculated valos Jor th rheochor of Urea=64.0
Rheochor of Urea (In ethyl aleobal}
TABLE 2 (Temp 30°%)
3

x D I 10 I M, I R B,
00258 0 8125 910 46.37 751 646
00362 0.8199 | 10.88 46.51 76.4 642
0.0383 0.9287 10.09 46 82 751 658
00721 0 %334 975 47.02 749 643

Mean=64 7
Rheochor of Acetamide (In wster)
TABLE 3 (Temp 30°%)

x D 1 ‘ L \ B, l R
00363 1.0070 11 43 19 49 26.3 891
00438 1 00% 10,15 19.80 6.2 850
0.0791 10160 1178 2125 285 870
0.0928 10230 1416 LR 14 317 87.8

Hean=187 4

Cakulatsd vala fo the rheochor of Acstamida=72.7

Rbeochor of Achetarnids (In ethyl slcohol)
TABLE 4 (Temp. 30%)

= \ D l ax1d l M ’ B l R,
0.0327 0.8083 942 46,42 76.1 846
0.0648 08175 10 00 4675 76.3 843
0 0%01 0.8236 10.16 4718 76.5 848

. o4y 0 BXS 12.61 47.37 768 8512
Moan=24 9

T v



DISCUSSION

The valus R, shows that the mirture taw iz applicaids very
satisfactorily in the cese of liquid liquid mirtures. In cese of
scetlo acid as well asin oass of benzene the rheochor values
obtained from the mixtars law are to some extent lower than the
actual values of the pure lignide. The oaloulsted rheochor values
of soetlo acld and benzene are 76.9 snd 111 4 respectively while the
values for the pure Ugulds are "8 8 and 11..0 respoctively which
are fairly in agroement with the osleulated valuea. In case of
acetio acid the velnes at low conoentrations are quits low but
approach the value of the pure lignid as the coneeniration of
acetic acid In the mixture increases

In osse of solid mixtures the rheochor value of wrew and
aoetamide fs determined using two solvents vix. Water and ethyl
alochol Asis clear from the tables the values seem to be more
oconstant and approsch the ealsulsted value when ethylsloohol be
used 23 » solvent rather than when water is usod as a solvent. The
caloulated value of the rheochor of urea fs L0 while the exper]
mental value in case of water is 612 and ethy! alochol it 1s 64 7
The value in case of ethyl aloohol e clearly more satmfactory In
case of asetamide the mean value In cass of water and othyl
aloohiol {5 87 & and 84 9 respootively and es suoh i» much higher
th n the calculated value which 18 727 The mixture law thus
scoms to be more wpplicable in case of liguid liquid mixtures
rather than solid liquld mixtures. Moreover as i3 clear from the
tables the values of R, in case of solids at different conoentrations
are not regular as s the case with liquids.

Mote work an regards the causes of this devistion is [n
progrese. It is not unlikely thet the deviation {rom the mixture
law for the solutrons of solids may be due to the facs that, the
rheochor of the solid as obtained from the mixtare law cannot be

d with the th {eal rheochar values, supposed to be the
values at the bolling polnt of the subetances. The validity of the
mixture law in liquid eolutions is clear sinee the rheochor of the
liquid in pure state and that from the misture law refer to the
same temperature

In the third part of this psper an attempt has been made to
test the applicability of the mixtore law to ternary mixtures.
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In cese of the ternary mixturea the rheochor of the solution fn
given by
Bu=1ax-y)R+x R +yR,

SUMMARY

Mixtnre law hes been tried to find the rheochor vuluse of
#0lids and liquids in cass of binary mirtures, In case of liguids
rheochor of soetio acid and benzeme have been determined and
found to be fairly In agreement with th v Iues of the pure ligaide
To cess of solid lignids mirtures, the valoe of ures obtained is
nearly the same as the theoretiesl value. the value of sootamide
obtained i however coneiderably high when compared with th
theorotioal valne. The mixturs Jaw thus seoms to be more appH
oablo in oase of liguld liquid mixtures rather shan in csso of sotid-
liguid mixtures,

REFERENCES.
1 Bhagwat and Toemlwal, I Indian Obem. Sow 1944, 21,30,
1 Bhegwat sad Mandlol, J Indlan Chem. Bos. 1968 T1LIE.
3 Hammlek snd Andrews, 7 Obem. Boe., IV, T54.
4 Newion and Frieud, Pailosephleal Magusine, Ser T

Vol. XXXIY p 641, 1M1
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RHEOCHOR
PART Il
(Application of Hammick and Andrews
Equation to Ternary Mixtures)

Maharajas College Japur
Subnls and Bhagwat (J Indlan Chem Boo 1031 28, 278)
sttompted to see bow far mixturs law is appliable to the
Rheochor of ternary mixiures Th work has now boen extonded
to varjous torn ry mixtures The systoms ohosen In this paper
are all conststing of liquids amscoisted and non.assoolated In
order to be able to know the exset xtent of applioation law has
heon studied over the whole range of eonoentration that is from
zero molar f{raction to molar fraction equal to one Results
thorefore over the whole range bave been submitted. This study
over the whole rango was necessary to plot a graph and sso whether
straight line mixtare law s applicable in %0 the simpl mixture
law wss not applissble Rhecobor s known to approach the
theorstics]l value in case of pure liquids am the temperature is
incressed  The law therefore has bees stodied st different
temperatures for the same mixtare In caeo of & ternary m! ture
the Rheochor of the solation Ra is given by
Rum({l-x—y) R4+1R 43R,
where B R and R are tho Rheachors of the solute and the two
solvents rewpectively and x y and 1—x y are their molar frac.
tlona. R, ia given by
R
whers N i the viscosity of the solatlon whose density ta D The
mean molesulsr weight g of the solution is given by
Ma=(l—x—3) M4x M +y N,
whore 31 M and 3 are the moleculer weights of the solnte and
the two solvents respectively  The resuits are recorded below —



R (Toluene)=132.3

RHEOCHOR OF BENZENE

129

Benxens, Toluone Carboatetra Chloride Bystam

TABLE 1l (Temp 38 o)

R (Carbon #etza chloclde)=129 7

T 1 =

]xmlnm!uw’| n_] B,

01385 07929 09046 546 | 1289 | 1113
0.3567 | 0.5395 09303 ] S04 |izet | 1114
0.4377| 0 2995 10580 | 6.00 | 1213 | 1114
065731 0.1308 10220 594 | 1173 | 110.9
1.0000 | 0.0000 08648| 517 | 1108 —

= ~ Mensilg

R (Toloena =131 9)

TABILE 2 {Temp 45 o)

R (Cerbon tetrs chloride)=1289

x y ‘ txy I b l D, |ax10? I B, l B,
01385} 07929 0.0688| 9434 MW&J 472 1778 | 1086
0 3567 | 0.5395| 010401 9348 0.9149‘ 488 1232 | 1098
043771 0 2995| 02629} 102 20( 10420 536 1210 | 109.8
0.6373] 01305) 02121 | 9597} 1.0120) 528 1167 | 1103
1.0000| 0.0000 OJI)OOI 78.00| 0.8580) 4 68 1102 —

Memn=109 6

TABLE 3 (Temp 5B8°%)
(Tdluens)=1314 R (Carbem tetra chlaride)=128.1

= l y il—yln-'l)_'nxlo"nn’ B,

01385] 0.7929] 0.0688

08918
0.9798
1.0340
1.0050

0.5395| 0 1040
0.2995) 0.2629
0.1308 | 0 2121

477
516
5.06
449

1777 | 1084
1223 | 1072
1209 {1091




RHEOCHOR OF PENZENE
Banrane, Ethyl Alcobiol, Mothy! Alcohol system
TABLE 1 (Temp. 38 o)
R(Ethyl Alochol)=T5.4 R(Mothyl Alochol)md® 7

nxlo | B«-‘I Ry

x ‘ y,l-ly]ﬂ-lD-

0.05601 01782 0.7656| 37.06 | 08021 591 577 | 1098
0.1342| 0.3712] 0.4344| 4337 | 08141 639 871 | 1096
0.2889| 0.3217) 0.3857 | 49 82 | 0.8265) 519 752 | 1090
06477] 0,1933] 0 1840) 63 55 | 0.8%07) 550 9.6 | 110.4
1.0000| 0,0000| 0.0300| 78.00 | 0.8648| 5.17 o8 -

Mean=109 7

TABLE 2 (Temp 45%)
R(Fithy] Aloohol)=T4 3 R{Methyl Aloohol)=48.6

7717- ylx_ ,n_ ,H"’LB" LRL_

0.0560| 0-1782| 0.7636| 37.07 | 0.7918| 5.01 572 [ 1086
0.1342( 0.3712] 0 494¢| 43,37 | O.B041| 5.36 66.5 | 1080
9.2839| 03217 | 0 4771 49.82 | 0.8183( 508 | 747 | 1093
06227) 0.1933| 0 1840| 83,55 [0 8409| 477 | 918 | 1099
1.0000 | 0.0000 | 0,0000 | 78.00 | 0.8580( 468 | 1102 | —

Meaan=2108 9

TABLE 3 (Temp E5°)
R (Etbyl Alechol)=T38 R (Methyl Alookol)=4T 9

= , Y“:y M ,n_ ax1?| R r,

0.0560{ 01782 0.7655| 37.07 | 0.7875| 4 67 570 | 1086
01342( 0 3712) 0 4944| 43.37 | 0.7989] 4 88 &6.2 | 1079
0.2889| 03217 0.3897 | 47 82 | 08114/ 4.70 743 ({1092
0.6227 | 01933 | 0.1840| 63.55 | 0.8328] 4 25 91.5 | 109.5
1.0000 | 0.0000 | 0.0000{ 78.00 | 0.8527( 4 49 109.7 -

Mean=]08.3
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RHEOCHOR OF BENZENE
Bessene Methyl Alcohol, Tolusoe System
TABLE 1 (Temp 38 q)

(RMethyl Alochol)==497 R (Tolnens)=122.3
x » lux,) l M, ] D, ,"‘“’1 R, l x,
0.0514{ 0.7563{ 0.1923( 45.88 | 0.8243{ 540 687 | 1106
0.3183 ] 0 $392] 0.2324] 56.43 | 0.8358] 114 827 (1107
0.35951 0.3020| 0.5385{ 68.84 | Q8327 5 10 8.9 | 1095
035843 | L1141 { 0.3016) 76,98 | 08502 5.04 1095 | 1097
0.7025) 01506 | 0 1467 | 75 10 | 04618 5.10 1040 | 1099
1 0000! 0.0000] 0.0000 ) 78,00 | D.B548) 517 1o -
Maant=110.1

TABLE 2 (Temp. 45%)
R ( Mathyl Alockol)m48 8 R ( Tolsene )=131 9

x ] r '(’111)‘ .

0.0314
0.3
0.3593
0.5843
07018

1 0000

07363
0.5392
0.3020
01141
01506

01923) 4388
0.1324} 35,43
0.3385 | 68.84
0.3016) 76.98
01467} 73,10
00000

Ry

TABLE 3 (Temp 85«)
Mathyf Afoohol =47 9 R ( Toloene ja:181 4

x

y lau)l x| o, ..xa’\ n_{ ®

0.0514
0.2283
03598
0.5843
07025
1 0000

Q1923 4188 | 08048 | 431 654 ( 1086
0.2324] 5643 | 08213} 4 50 821 {1093
0.3385 | 68.8¢ [ 0.a358( 4 71 S84 | 1090
0.9016 | 76,98 { O.M453) 4 32 1091 | 1294
01467 | 7310 | 0B433) 429 1035 {1093
D,0000 | JB.00 | D.BST7 ) 449 1097 -
Meane=109"
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RHEQOCHOR OF BENZENE
Benxepe, Ethyl Alcobol, Tolucne System
TABLE 1 (Temp 33 o)

R (Ethyl Aleohol) =754 R (Toluene) =132.3

= |y ku _’)l“" ‘D_ ]nxlﬂ’!ﬁm [Rx
0.0763| 0.7930| 013 1| 3443 | 0.8247 | 786 | 834 | 1100
0.1998 | 0.5790 | 0.2209 | 61.55 | 0.8358 | 6.31 42 | I1114
Q3444 02768 | 03794| 74,50 | Q.8531( 575 | 1087 | 1101
0.6572| 0,2524 | 0.0905| 71 20 | 0.8549| 5.60 | 1303 | 1101
1.0000 | 00000 | 0.0000| 78.00 | 0.8548{ 517 | 1108 | —
Mean=110,4

TABLE 2 (Temp 45 ¢)

R (Ethyl Aloskoly =748 R (Tolaene) 1319

x | b4 l(l:y)\ M, an l.xw’l RZ R,
0.0768| 079301 01301 | $445 | 0.8172( 6.40 | 840 | 1084
01359| 0.1489 [ 07114 | 83 24 | 0.8437 [ 456 [ 1191 | 1076
03444 0.2768 | 0.5794 | 74.50 | 0.8422| 4.89 | 1079 | 1093
0.5572[ 0.2524 | 0.0905 | 71.20 | 08441479 | 1026 | 1097
1.0000 | 0.0000 | 0,0000 | 78.00 | 08580 3.58 | 110.2 -
Meanm=109 0

TABLE 3 (Temp 85 ¢)

R (Ethyl Alcohal) ="3.8 R (Toluens) m131 4

x | ¥y ‘ﬂ—l‘!)l M ‘ D. I-xlo" Ry IR
0.0768 0.79)0’ 01301 ’ 3445 | c8n10| 531 833 | 1078
01998 | 0.5790 0.2209 ' 62.55 | 08196478 | 927 11072
03444 | 0.768 | 0.3794 | 74.50 | 0.8356 | 443 | 1074 | 1083
0.6572| 02524 | 0.0903| 7120 | 0.8377| 435 | 1021 {1091

1.0000} 00000 | 0.0000 | 78,00 | 08577 | 4 49 1097

Mean=108.1




RHEOCHOR OF ETHYL ALCCELL.
Ethy! Alcobol, Methyl Alcobol & Acrwre S
TABLE 1 (Temp 35 c}
B (Matayl Aloohof) =497 B (Acrrme a7 g

x y (’l—x—”l x, ‘ D, ‘uu‘k e =,

00834 | 08395 | 00771 | 3516 | 07ore)sas 4. 723
012252 ) 0.0905 | 0.6842( 5294 {07960 555 w33  -g%
03634} 0.3779 | 01585 | 438t (7988|575 | ac  gex
oesotzm| anB| 4701 0797|630 73 745
10000 | 00000 | 00000 | 4500 {08000 &ry fo < 1 -

J

Y =744

TABLE 2 (Temp, 35 ¢)
R (Mothyl Atochol) =48 8 R (Aostone) cetf

o] o B

TABLE 3 (Temp 58 o)

B (Mettyl Aloohol) =47.9 R M——
*
u, | o [axr
| 2o |-l




RHEOCHOR OF ETHYL ALCOHOL
Ethyl Alcobel, Beprene & Methyl Alcobol System

TABLE 1 ( Temp 35 ¢.)

R { Benzene )=1108

R { Methyl Alockol )=497

x y Juxp J M { D, ln xv’l RL, B,
0.1459 | 01359 07114 B3.24 | 08521 520 1200 | 737
0.2768 | 0 1444 | 03794 | 74.50 | 08331} 575 108.7 744
0.5790 0.1998 | 0 2209 | 62.55 | 0.8338) 631 42 | 743
0.7930 ! 0.0768 | O.1301 | 54 45 | 08247 | 7.85 854 | 754
10000 | 0 0000 | 0.0000 | 46.00 | 0.8001 | 8.50 756 -_

Meun=74 ¢

TABLE 3 (Temp 48 o)

R ( Bonzens )=1102

R ( Toluens )=131 0

x | y (lxy)l H_’ o, |[ax1| R, ’ R,
0.1489 | 01359 07114 | 83,24 | 08a37{ 450 [1t91 |71
o.nssin.mu 03794 [ 7450 | 0.8422) 489 [ 1079 | 731
0.57%0 | 0.1998 | 0.2209 [ 62.55 ' 0.8260| 544 | w36 735
0.7930| 0.0768 | 0.1301 | 3443 | .8172| 640 | 840 | 738
1.0000 | 0.0000 | 0.0000 | 46.00 | 0.7964{7.23 | 739 | —

Mean=728

TABLE 3 (Temp 55 o.)

R ( Benzene)m109 7

R ( Toluene ) 131 4

l y |a y)l M ' D, -xlo’J:_ R
Q.1489| 0.1359 0.7114( 83 24 | Q8371 4.31 1191 | 698
0.2763] 0 3444 | 03794 74.50 | 0,8336( 4 43 1074 [ 721
05790 0.1993 0 2209 62.55 | 08196 478 927 | 723
0.7930| 0.0763| 0.1301| 5¢45 | a.8110| 5 31 833 [ 733
1.0000 | 0,0000 | 00000 | 46.00 | 0 7918| 6,32 73.1 -




RHEOCHOR OF ETHYL ALCOHOL
Eihyl Alcohol, Beazece & Mathyl Alcohol System
TABLE1 (Temp 35 ¢)
R (Benzone)=1108 R (Mothy! Alochol)=d9 7

’ }nﬂ,J u, | o, [uo | x| n

01782 0.0360 ) 07656 | 37,07 | 0.8021 5.91
O.2856) 0.2372] 04771 | 46.90 | 0.8243] 481
03713 ] 01342 0444 | 4337 | 081411 639
03989 00682 03328| 43.50 | 0.6087 7 29
1.0000 | 0.0000 | 0.NOD0 | 46.00 | 0,8001 | B.80

TABLE 2 (Temp 45 o)
R (Benyene) 1102 R (Methy! Atcchol)emif 6

yv-illx-ﬂ x, | o, Iun’ R, | Bx

01782) 0.0560} 0.7638| 37.07 | Q7918 ] 3,01 573 7.2
0.2856 | 0.2372] 0.4771] 46,90 | 0.8102] 4 97 706 | 727
Q.3713] 01342] Q4944 | 43,37 | CAMLI 536 66.5 1
0.5989 ] o.0682] 0.3328] 43.91 | 03979 593 1681 38
1.0000 } 0.0000 | 6.0000] 46.00 | 0.7984) 723 [ 739 -

Hean 33T
TABLE 3 (Temp. 88 o)
R (Benens) 21092 R (Mothyl Aloohol)=47.9
x I y ’(I-x—y\ ' Do I-x J Ba l B

0.1782 | 0.0360 | 0.7856 Q7873 4.87 $1.0 (723
0.2835) 0.1372) 0.4771 | 46.90 | 0.ba78 | 4.35 | 65,6 699
03713 ] 0,1342] 04944 | 43.37 | 0.7989 ) 4.88 662 | 7LS
0.5989 | 0.0682 | 0.3328) 4351 | 0.7939) 543 678 31
1.0000 ) 0.0000 { 0.0000 | 456.00 | 07918} 6.32 ™1 —_
Menrr7] 9
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Rheochor of Bonzene was dertermined in Ternary Systoms
eonxisting bf Toluens and oarbon teirschbloride Ethyl aloohol and
methyl aloochol toluens and ethyl alochal and methyl-alocohol
and tolusne Ir all cases the mixture law ssems to be applicable
over the entire range of molar fraction of Benssne The value of
pure liguid as observed is 1108. The values obtained in mixtars
sre practically the same. At low molar frastion a slight varlation
s obwerved which may be dus to experimantal error slnce as the
value of x falls the erroc is multiplied much mors in caloulating
Rx The tsmperature varistion does not seem to have appreciable
influence oo the Rheochor value elthough the value {alls slightly
with temperature.

Rheoobor of Ethyl sloohol was investigated in Ternary
Bystems consisting of Benrene and Toluens methyl sloohol and
benzene and in methyl alechol and mostone Here apain the
mixture law seems to be spplloablo e: all temperatures and for
il molar fractions extending from xero to one. The valus for
pure liguid which is 75.8 agrees with the vnioe omloulsted from
ternary mitares. As in easo of Bonisne the values show alight
doviation at lower molir frectidoa

My thanks are due to Dr W V Bhagwat for his interest
throughout the work,

SUMMARY

Mixture law {s found to be applicable to terpary mixtares
orer the entire range of molar conosntration. Systems invest!
gated were

(1) Benzeos In  Toluene and carbon tetrachloride Ethyl

alochol and methylalochol Tolusns and ethylaloohol
Methylsloohol and toluens

(2) Ethylslcoho! In  Benzene snd tolueme Methylsleohol

and Benzous and Methylalcoho! and sostons
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DIAMAGNETIC ANISOTROPY IN RELATION
TO CRYSTAL STRUCTTURE
(Chlomtes and Bromates)
By
A Mookhedfl,
Birla College Pilar
TAbeteact: Prinolpal dlamsgnets of bl

bromats jons in orystals have been messursd nd correlated with
thetr known structurs |

INTRODUCTION

In » rocent paper the suthor ( Mookherjl 1031  correlsted the
principal dismagnetic susospiibitities of some bicarbonates end
nitratea with thefr known fins strnotars It wan found thas for
CO, or NO,, groups whish are planar Ky susceptibillty normsl to
the plane of GO or NO group i greater than K that In the plane
algebeatoally and that K,— Ky, 5.0 < 10-4 for 00 gronp and 6§ 4x
10* for KO grouvps. Rangansdhan (1829) observed that the
magnetio birefringnnoe in solutions ! catbonstes and mitrates is
pasitive  This positive ign indisstes that for approximately
unlaxial crystale the direction of maxrim m diamagnetio susoepti
Liliy is ooe of least refraciive lnd.nx. Chinchallar | 103°)as s
restld 1 of biref: of chlorate ard
‘bromate lons in aquecns soluiion came to the evnolosion th t the
«gn of bLiretringence In C!O snd BrO jous is negative, which

hows that for loos like C10 snd BrO the maximnm diam gnstis
usoeptfbility must cocrespond In direstion with meximum refeao
tive index, In othor words K;; shonld be algebraisally smaller
then K for 010, and Br0, fona. Magnatio snisotropy messure-
ments of single arystals of KC10 by Krihoan G ha and s erfl
11033) do revesl anah a rea I8 This differsnce in beh visur
of CY0 ard BrO, foma with thet of NO, and CO, fons {s very
striking sod i would be very interesting to study the dicestional
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propertfes of chlarmte and brogmate foms with a view to obtaina
knowiedge about thelr principal wusoeptibilities whioh when
correlatod with their ine structure might provids san explanation
of the diffsrence in their magnotic bahsrionr

EXPERIMENTAL

Crystsls were grown out of squeons solotion at room
temprratures. Chemicals uved were of Mercka anslytiosl variely
The d termination of magnetic anisotropy were oartied out by the
method of hrishnan and Banerfi (18351  Absolute susoeptibllicy
in a conventent direction of the orystal was determined by the
method an daveloped by Datts {1844). Liquide wsed for such
measurements wern oarbon tetes-chloride and Nitrobenzene of
volume susceptibility — 684% 10 and —.885 <104 respeotively
s given in Internations) eritionl Tables Vol YL

RESULTS

Results of messurements ase collected In tables Y and IT and
st expressed n the una) unita 1 o H0-%ofa O G BE MU Por
hexagonal oryutal X, P th i ptiblity
rloag the symmetiry axix and \, thnt along directions pormal to
it In rhombic erystalt X, X, and X,lrv tho gram molesular
susceptibitity along a b and o erystall axes frely
For monoclinle cryataly X, by the gram molmhr m'eeptlbmty
slong b axis while greater of the two fn the symmetry plans
(010) ia deootad by X, and the smaller by X,, # is the sngle
which X, axis makes with a-axis and {5 is that betwees X, axis

and C axfs

X denotes the mesn of the threo principal suscept e

X
and bs given by X‘i"}‘ii‘ {or monoclinie erytale * —
for shombie crymtale and Xy + 2Xy/, for trigona s
Parcal a additive valoes wers f1om Stoner’s book on 2a nd

matter (1834) and Selwood s magvetachembiry {(1943).
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MAGNETIC ANIZOTROPY IN RELATION TO
CRYSTAL STRUCTURE

KC1O —Ita struoture has been analyssd by Zachariason (1924)
by X ray methods. H finds that there are two moleonles in the
uwnit cell and the CI0 groups have pyramidal structars- Three
oxygen molecnlea forming approximately an equllateral triangle
at the three vertices and the chlorine stom st the centre of the
axygens being at » ditance of 0 54 from th plan of the oxygen
etoms Piane oontalning oxygens ere parsllel to exah otherand
are parailel to b axia. The direction perpendicular to exygen
planes s the axis of approxim te uniaxisl symmetry Lot K
ropreasnt gram moleoular surceptibility along nocmsl io the plane
containing axygen atoms and K that along directione in that
plans

Hence K =X, From table ] we find that Xe—X,=.25and
henos the plans containing X, and b axis is the plans of symmetcy
Lo th plane contaluing axygen atoms. Thus Ky normal to the
Pplane & equal o X, Hence

X=X =Ey—k =568
ad X XemEp-K =84l

thersfore for GO loos k. K, ean be taken ss 554, almost the
samo sy nitrutes and ahlorates but with a negetive sign.

Ba (C10 ), HO~ It crywiallises in the monoolnis system
with four molecules in the unit cell. Referring to table I we find
that (X —XJ+(X;=X (=308 which } much smsller than
E;—K =854 for CLO jona Henoe all the elght CI0 groups
fn the omit esll will not interest the (olo) plane in the swms
direotion.

‘We find on referring to tabls IT that X —axis b an spproxi.
mate axis of magnetic gaymmetry Lot the normals to the planes
of oxygen atoms of CHO gronp make an anglo § with this ¢, —axis,

Evidently Ku-Kimopn ooy

wobstitoting the value of X,—X =277 and dopting K —K for
CIO #8554 s obtalned fn KCIO erystals wo bave g 83.%0
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Hernos the normuals to the molecular planes are inelined to
X,-axin at an angle of 63 0 degrees which e Inellned to o wxis at
an angle of 20 °1 40 ‘a axis sé anangleof 57 3 and to b axis at
an sngle of 487

Recently the fine stractarc of Ba (010 ), HO has been
studied by X ray mothods by Karthe (1032) It ls asrigneds
spave group (¥, The ClO groups In the orystal retain thelr
usnsl pyramidal form  After a detalled analysis he finds that
the normml to the plane contalning tho oxygen of (IO group
makes an angle 40 3 degroes with b —axis  nd i the wame forsll
the CI0 lons. This sgrees very well with onr vulue 48 7 degrocs
as dednoed from magnetio date

Optically we should expost from tho above magmetic
orjentations the two prinelpal refractive indices « and g to be
slmost equal and smaller than 7 which is supported by experiment
(Groth 1903)

8t (C10 ),. 1t orystalilsos in the orthorlombic form

Let] m and n be the direction oos! cx of the normal to the
plane of oxygens of Cl0 fon. Then we bave

l’—-m‘n:._;é‘;_xﬁ_

e~ X
Pont =px
and P4 mi+atal

nsing the valoe of \u-Xyand X -¥, from table I and taking
K, -K, for CI0 as 5.54 we find that K;; axist ¢ normul to the
plsns eant ining oxygems of C10 group mekes an angle of 30 0
degrees with « axir 24 degrees with b axle and 50° 2 with
o axis Thus, should be greater than X and X\« X should be the
least This is what Is obesrved as i given iz table IL. At provent
there Is no X-ray data to verify the above moleonlar orlentations,

KBtO It orystallises In the hexagnoal system.  Its struotore
has been atudied by Xeray methods ( \atore vol113 ). It has ono
molecule In the unit cell The BrO group has got the same
pyramidsl foem as the C10 group Itis found that the planes
the thres oxygens of the BrO fon Is perpondioular to the axis of
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symmetry of the orystal. Henoe ualng the mme notations as in
KCLO ocyatal we find that I |

X =Ky ad X =K,

Thus X; —X,mEy;—K;~518 almosi the same ssymmetry as the
CLO ions

COMPARISON MAGNETIC ANIBOTROPY OF CHLOBATE
ION WITH THAT OF CARBONATE
AND NITRATE IONS

00 and NO groups which wre planar the sosceptibillty
porm | to the plane of CO or NO group s greater than the
anscept bility in the plsne of the gronps. This is atirfbuted by
Lonsdale { 1839 ) to the existence of doabls bonds tn NO snd CO
lons, which fntrodpoe & foroo cunsiraining oertaln elestrons to
oooupy plane orbits whose effeckive ares is larger than the
norm | jonjo radios hence wn almormael dismagoetism normal to
the plane ! CO or NO results. For CO group the radlus of
ths plane orbit ts 108 A sinoe K —Kyy =8.4% 10 for 00 gromp

In strong econtrast to the magnetio behaviour of GO  and
NO jops s that of (10 snd BrO lors. For in O10 and BrO
fons K, fs greator than K;; Buoch osses have bean observed by
Lonadsle ( 1938 ) in aliphatic compounds, and fa etirfbuted to the
abeenoe of doublo bonds in aliphatie compounds.

The couventional electronte siruoture of chlorate jons
ooording to Twoling (1884) shows thst an umbared pair of
sleotrons on th chlorine ogouples one of its outer orbitals and the
bond distances show a largs smonnt of donble bond charaster
Thie view contradicts Lonsdale's exp of K, balng grester
than K when applied to (80 or BrO group Th & is to my
sinos G0 ion aleo h ve doable boads K, for them should be
greate than K which W sgalost axpacimental fladiegn

VAN YLECK'S THEORY

Accarding to V n Vieok (1834) polyatomis moleculss with
zeto spin will have thelr entireorbital moment of the highfrequensy
typs unless the mokeoules have soms unusual symmetry  This
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hlgh {requency part will contribute to the magnotic moment of the

le perpendionlar to the 1} angulsr Then
the ptibility of such moleoules s 5{v.n by
Ne - + B (o
Koo~ g "2 3 F Vi)
where 0 (n 1) fsan el t of the el fo angular m

taatrix corresponding to tho sransition froquency y (n n) all the
other symbols have their pacal signifioance

The first term of the above expromion is the nsua! Pagli
expresalon for dismagnetism. Becauss of the presonce of the
second terma polyatomie moleculs of the above type m y be
paramagnetio or diemagnetio

The direct yvalustion of the sum over the excited states ts
diffcalt, henoe A(} (0 D) Is roplaced by v which is & sort of mean
sbeorption Ireqnency

THEORY APFLIED TO CO AND Clo, 10N%.

Aecording to equation ( 1) susceptlbility for dircotions
along the normal to the plane of the fons will be given Ly

¥
Kig=g o T 4273 124000

where 3 4, Is the mean absorption frequepoy along the norm 1 to
the plane of the moleouls and for direotion in the plane of the lon
is given by
m, (nm)
KiS g s 27 SRR N
to where \ s the mean absorption frequency fa the plane of the
meolestle a0 that the anisotropy of the molecals ks glven by

myn:n ¢ 1 1
—K; = ~- ———
K" ! 2,3 = -_E { n fil_ }
‘Thus the apisotropy K,;—K, will pouitive or negative depend
ing on whether |  i4 greater or smaller then v

For NO foms we find that h; —K, i negutive showing that
vyl greater thay v ;  Krishnan and Des Gupta { ) bave
studied abeorption speetra of \e NO and KNO erystals  They
fiod that vy fn greater than 1, In XO tons-
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In Ol0 and BrQ jons Ky K, s positive hence it is expected

that vy In these ioms should be grester than v,

A4 present

there is no direotional beorption data on thess lone to verify ur

conolusions
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DIAMAGNETISM OF TARTRATES

IN STATE OF SOLUTION

By
Ramiilal Mittal,
Chemical Laborstores,
Maharesa s College Jaipur

[Abstract 1 The susoeptibiliies of some tartrats have been
massured tn siate of solutton It s found that the change of
bility with is a linear one within thechange
studied. The of dissolved subst were about
3% more than that of the solids }

INTRODUCTION

The effect of fon on diamagnetism of sofutions hae
Leen studied by many investigators 1t was fognd that tor alkali
halides the susceptiblilty varied jinsarly whh oongentration (Velel
1833} With I to °0% aqueoun solation of Sodiam snd Potaseinm
nitrates the resalt s the sme (Bangizidham snd Qureshi 1910),
Boott and Blair (1833 fosnd that for agueons solution of hyidro-
chlocka scid the reletion is flnear but the sime ix pot troe for
Lithlum-Chlorids  Trew and Spencer (1936)as s resnit of magnetie
steddies of saveral blagary mirtires eame to the concluslon that
susceptibility \ of s mistare follows Wiedemenn sdditive law
e & FXG v Xa G wherseo, (DX, ©; oto. sre the
snaceqtibllities sad weight frastioas of the respective constiinents
of the mixtars,

Inspite of afl the abovs it i3 not safs to conclude that
ptibillty and lon {s & lasar relation. There are &
good number of evidences of the deviatlon from the Whedemann
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additive law  Fromle aald and water mixture (Rao and Narayen-
swami 1639) Aqueous solutlon of nitris asid (Rangenadbam and
Qureah{, 1835) are glaring examples

Hencs it was thought worth while to study alkali tartrates in
state of solutlon te reveal the influence of concentration on their
dlamegnetism

EXPERIMENTAL

Chomicals used were of Meroks reagensy quality Double
distilled water was nsoed for making solutions.

Fxperiments] arrangement adopted for the present measurs-
ments wan the ssmo ey used in the measurement of powdered
tartratos (Mittal 1953) 'Th difierencea of weights with magnet!
fleld on snd off for different concenitation were emull henow the
resulis 0 obiained by the above method were cheoked by & Datta
balanoe (1844) where the angles of roiatlona could be meawured
more acourately The results obtained by both the methods agres
well

REBULTS
Results of measurements are collootod (n tables 1to &
C, represents the concontration of the solation and tv glv n by

Weight of the disolved
G Tofal welght of the solatlon.

X represents the susooptibillty of the solution and fy
expressed in thousualupitaof1040f s 0 G § E 3L U p repwesents
the demsity of the solntioe.

The nature of varlation of ptibllity with cones !
% shown in the graphs Figure 1 to 4.




TABLE 1
Temp 150
Tartaric Acld
o . -~
050 20 0.5846
0.40 leo 06303
033 150 06421
028 115 0 6520
020 128 06700
018 111 06885
F
“TnRTARIC ACID
s
£
“ -
b3
H
»
1
-z
- 0 ) —

<



TABLE I
Temp. 22°C

fyy e I TRATE
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TABLE IV
Temp® 12 0
Potartlum Tectrate

o . J <
(2. 20 0 4852
040 188 05003
0378 Led 0.8000
0333 L48 00140
0285 140 08343
0250 138 06431
0.200 135 065610
0150 110 06035

4

Porrasium [ARTRATE
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INFLUENCE OF CONCENTRATION ON SUSCEPTIBILITY

The changoes of smceptibitity of Tartrates in state of sohation
with eonoentration for the saita studied by us follow & linear law
with deviations not more than 1% inesch case as shown in the
grapha fig 1 to 4. The reiations ean be expressed

1 For Tartarls acid by

X=~23C+ T3 [¢4]
2 For Ammonium Turtrate by

X=~-221C+ 72 ™
3 For Sodiam Tastrate by

Kez— 28 G4 72 oW

and 4. For Potasslum Turirste by

=31 G473 (5)

From the above equstions {t is seon that the rates st which
1bilitles vary ure diff {or diff rent wlte. The rats Is

ln‘;hut for Potasium and least is for Ammoninm selt. In alt
cases the solvent (s wator a0 the rate of variation of ruscentibility
with concentration will depond on the susceptibility of the solute

The amaller the susceptibility the groater will be rate of variation

This view {s supported by the resalt of susceptibility measurements
on them. (Mittal 1853).

SBUSCEFPTIBILITIES OF TARTRATES
AS SOLIDB AND IN SOLUTION

Fow investigations had been made to determine how far the
diamsgnethm of 100 or molecnles are aflected by the presence
of hbooring loms, by sar ding the solvent moleosles In
solations. Hocart (1028} foand that the sucoeptibitity of silall
and alkaline earth hatides fo state of sofutfon differs from thoss
of the slts in the solid state  Thedimolved saltshare susceptibilis
ties some two to thres pereent higher than thoso for snlkla,

In equatlons . 3 4 snd 5 i C,fs put equal to raro we
should got the valne of susceptibility which ahould be that of
wter snd sctumally we obtain = 7T2x 10 Thusthesnssapiibility
of water when mfxed with tartrates does not changs  Honco
o can obtain the pifbllity of the dlssclved subet: from
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the susceptibility of thesolntion by puttingG,=1(1 e the dimclved
aclid), or by computsting X solid values by using formnls 1 which
takes the farm Xee = aeiux Cat (1 G) X H,Ofor bwo comstitoents,

The resnlts so obtalned sre entered in table V below The
ausoeptibilities for wolid Is from Mitial (1863)

TABLE V
X x 0*
Devintion
Bobtaces nold | Diseolred | rasio.
Tarterle acid 48 | 47 102
Ammonium Tartrate 48 50 104
Bodium Tarirate 41 i3 108
Potasainm Tartrete 0 41 102
fqre X
Rnn wiop Tansm 1o Somw T ryeate
Py

[ R 3 N T ) x L3 vy T T
o~ ,f/



Tan Acip
TRiC Ter astom Tantnate

Thus on the average the wuscoptibility of the dimolved
tartrates are about three peroent higher than the solid Salts

Di tham of subst: d ds on the effective sproad
of the elsotron demsity distribation Impc-cd by the surrounding
Ione or molecules

In solids and in disolved sslts the effective spread of tho
eleotron density distribntion hasalimitatt Hence di
of {ree molecules will bo more than that of diswolved ealts and
#0lids, and hence dissolvred salts will have more diamagoetism that
the solid saits ss found experimentaily

The denslty of disolved milts when plotted sgalnst
eoncentration Is oot exactly llnear fn all cases as shown fa the
figure &

ACENOWLFDGEMENT

The work was carried out {n the Physical Laboratories, Birls
College of Belence Pilanl The author wishes to thank Profemaor
A. Mokherfl, D S¢ Head of the Dept of Phyaics for suggesting
the problem snd for bls guidance and eonstant help Thanks are
wlso doe to Dr R. D Gopts, Head of the Dept of Chembstry for
lending some instruments in connestion with the work



”

-

»

REFERENCES
Datta, A E. (1M44), Ind. Joun Phys, Wp 248,
Hoesri, R (1439), Comp. Rend. 1% p 1151
Rangansdban, 8. P and
Qureahl. M. (1140), Ind Joar Phyy l4 p 12¥
B.P and
Qursehl. M (1935), Curreat 8eL. 18 p 78
Bao. L R and Karaysaswami
A 8. (1999, Pos Ind. Aesd. 85 1 84 33

Beoii.A ¥ andBlal O M (1453) J FPhys Chem. 37 p 413,

Trew V 0 G and Spemeer J T
(1oay Trans. Farad Boe. 32 p 101

Vel ¥ (1838 Asa. Physik. ti p @07
Mittal B. L. 1953, This Journal ¥ { [Tp.



19
NUCLEAR EXCITATION AT
HIGH TEMPERATURES

By
M F Soonawala

Phyics Dapa tmind
Maharasa s College Jaipur
{ Abstract s The partition function of the nucleus CY 1s

lculated aod the b 1o energy entropy and fres
energy due to the sxcilation of the nucleus derived. }

The stationary states of many of the atomio nuolel have been
well eatablished {rom s stady of sevoral nuolear resoticns!  They
are generally few in number They may bo expected to be
th Ily excited at sulficlently high peraturesand tobe Ina
atato of thermal equilibriam  The excltation ol & unacleus would
contribute to the energy eotropy and free energy of the syatom
w8 distinot from such contelbutions from the translatory motlon of
nuokel The pertition function of the neclem Ct {s ecaloulated
here and the other proporties detived from it  Taling the energy
of tho grownd state es xero the energles of the exefied levels fs
taken to be 447 70, &7 103, 106, 1811 167! *00and 270
$er?  I{ Z s tho partition [anction, the epergy E. the entropy
8 and the fres energy F are given by—

E = ky 20002)

Bk lugz+vri%‘.’r“z’

F = E~8T
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TABLE 1
T |s1w0fs10e 510 s10u  |s102 0
2 |1 i 758 971 097 100
P (SRS SR MU ARSI S
SR 0 | 17exion paex10-n ] 590x1044] 000x10-
E 0 |509x104 18210 |20x104 |$00x10+ 3 UE?IGU
] T
8 0 | 190x10- 93 14x10- | 318x10°15 3 12x10 4
org/*0

— - l_ ]
F O [41x10*|14x10- | 158x107*| 156x1070

The Teble I shows calonl tions for eom  represent tlve
t mperatures  The Last colomn shows th limiting yaloes attained
boyond & certain temperature.

DI3CUSSION

1t oan be soen that the contribution per exolted nuolsus to
the ntropy energy and free energy is negliglble for tamperatures
belaw sbout 100 K Thero i & sudden riss between 510* K nd
510" K. A maximom s reached t 5130 K and ultimately the
epergy and entropy setile down to constant iimiting v loew

The jnterest in the problem becomes natnrally somstrained
firstly broause it is scarvely probsbl that such high sempers
tures can a4 1l be attained In any msteris] system, and escondly
ov n if # could be so it ls doubifol whether any nucleas can
then remain stable. For example the energy of thermal sgitation
of the ¢' nu loos at such high temperaturse would far excesd the
binding energy of th  thres slpha particles which ean be assumed
to conntitute the nuclens, Jn any case the total sontributlon of
wuoh hesyy pu 1 1 would be small due to thelr much wmaller con-
oentration in comparion with hydrogen end heH m in stellar
interfors  The slonlstion haa bosn carried out for Gf oaly we the
behavioar of other nuol 1 oould no* bo m b diff reat.
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INTERNAL PRESSURE IN A LIQUID
By
P V Bakore
Phys cx Department
Maharapa s College Ja pur

{Abstract An squation is derived which makes it possible lo
oaloulate the internal preesure in a liquid Value of compressibility
for water is csloulated from the knowledgs of the Internal pressure
and compared with the obesrved one. The equation can also be
used to determine the factor n, which gives an indloation of the
size of the hole necessary for the visaous flow from the
ocompressibility date of aliquid ]

The problem of the dotermination of the internal pressare
of a Uguid is of great signifi Thaus the [nf of asolvent
on the resotion velocity ta dependent on its offect on the activity
co-efBolent and this Is determined by the molar volumes and the
internal presyure terma. Since the molar volumes generally do not
vary greatly the specifio rate constant s determined to a greater
extent, by the differnnoe botween the internal pressure of the
solvent and the internal pressures of the resctants and sotivated
complex (Glasstone, Laidler and Eyring 104I). Jowever the
problem of the determination of Internal pressare In & liquld i not
«Imple  An equation to ealoulate the internal presaure of a liguld
was deduced by Boonswals (1839) bat the calculsted valoo for
eompresaibllity of water differ markedly from the obwerved value
Tho present paper attempts to give an equstion which woald make
it posstble to calonlate internal pressurs in s liqold.

The equation of atate is obtained from the relation (Boonawats
1939 Max Planck)

P - :f‘kT;—, [an. EPAT 4 dgpn ]- -
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The viscoslty 7 of & Hguld fa glven by (Glantone Laldler and
Eyring 1941)
N \** O RT
"= () zEv
where V.=molar volume, mcmus of a moleculs Omoonstant
depending on the pecking ia a lignid, n =s factor which
glves an indleation of the mize of the hole necsmsary for
visoous flow  Its value increases rupldly with temperatars
espocially for aswolated Hquids,
AE vapmThe difference in ensegy por mols betwoon the
molecules in a Jlguid and in the gas end may be identified
with E pot. potentisl energy for mols in squston (1)

AB vap=F pod.

CQiher symbols are standard and need no explanailon,
Prom M)

_NIAORTV® k) AmN)L x ’AE vep/nRT
AR vup

mN=Mol wi of the liguid=M

AE vap/oRT

(Srmki)? o It)

n

n

L o Evp
NA ORIV @ LI WA~ V8 AR vwp /nET
For » given liquid at constant “mp“"m"NmW%TW

4 o constant and may be denoted by A

‘nr;/':'A"m

E oRT
A VA AT vapzoBE T e )
Now AE ven !5 related to normal | tent hees per mole by
th rolation
AE vap= AH vap-RT .. e (8)

where AH vup is norm 1lat ut heat and RT b the cocrection far
extornal work done {n vaporising 1 mole of liquid. The vapour bs
amumed to bohave ar an idesl gas (Glamtons Lakdler snd
Eyring 1841)
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Row AH vap=AF vap+RT

AE Yap RT
= AR vy ~B ap

A}lg'p [ » very small fraction (Saha & Shrivasiava  1831) and

msy be negleoted.
AR vp=AH vap

Kow AR vap=T(¥ vap-V){Jo)Sat. Sabn & Shrirastara 1831
whers ¥ rap==3olar volome of the liguid in the yepour state snd
(g;)ﬁﬂ.z:“fhlhn of stursted vapour presure with sbsolute
tempersiure

F-y: nv«:'!‘(""p*v)(:,lg)&k {8

At » conxiant tempersture V(vap) molar volume of the lquid In
the vapour wate will b related to molar volame of the Uguld by
the retation

V vap=a,V where s i1 & consiant dependiog on temp-
eratars sod is 34 1.4

AF vap=T o1V (Gp)sat
Babetituting this veive of AE vap in equstion {4} we have
ATy Bigar VP AF Ppy

~aF "P/nx'r
.

1
o o
AT ("”(dl’)m?ﬁ

o AE up/k'r

e

o EPtAT e b E vap/kT

[0 Y

AT

1
(l_’)nk\ d.P)n!\ ?EWS

Bst.
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Bubsiituting the valus of o~ ¥ PA/RT equation (1) we have

e T g SN
A -1 Gg)m

Lot g X

A" 1Y a1y
(e,

X is & ocoostant if temperature B eomslant and h
Independent of ¥

peT o [t | vy ]

i fy o Loy
- Af LR R e < RIS |
o 3 [ Dv]

D v §

N fs Avogadro's Number 5oK js therefore very large and 3 may
be neglected in comparison with SuN

o SOFRT _ g BT

v - = e®
Lt P i . ®)
Then p= _.gg mbrranneensm (10}

The negative aigt indloates that the Internsl prossure is

negative and ls therefore Hus 1o the fores of coheston between the
molecules in the lquid.

Equstion (§) ressmbléd the ordinery gas oquation cxcept the
negal
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The value of n for water which is an assoolated ligald In
creases rapldly with temperatwre Thus at 0 O n=201 aud st
5 0=2861 The valuo of n a$ 20 O may be taken as the average
of the values of n a4 0 O and 50 O Thus at 2040 n=2.41
Expreming R in atmosphere oo /degres, the Interns! preesurs s
*0°0 and 1 atm. extornal premuro comes oat to be

P Bxl.llxat:t%oxx:;‘l x 0 9982 =B 37U X104
stmosphores.

how AV-%% Ap

dp _RT
From equation (9) E‘P;= Xt

v=X
AV=p% AP
AV AV
[ compfedbnhy.:(ﬁ)[v “VAp
N
Y RT
1 IV\!
=vrr (=)
v
=En T 7 “ (1n
Compresalbility (st 20 O and 1 stmosphere per 59 cm.) for water
_ 9x18x273
T BXEAT EAT B0 < #5%
=403%x10" .
The experimental valoe of compresibility for water 20 O and
1 atmosphere per sq em (which v approximately 1 kgm. per
sq cm ) is 453%10 (Childs). The agreemeni bstween the
calculated and experimental value is satisfastory

CALCULATION OF n FOR X LIQUID

The conventlonsl mothod employed to determine n is to
compute vicosities from equ tion (*) by use of integral and half
{otegral values of n from 2 to 5§ and to plot the resulting Agures
for log nagainst /T For uny value of n the plot {4 elther s straight
line or in some cases, & curve slightly convex towsrd 1/T axis
The valos of n that gives a plot parallol to the straight line of the
computed data for log nagainet I/T fs taken as the correct one
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The equstion (11} provides w simple method to caleulate the
value of n for Hquid if the oompressibility data foe the lgutd
is known,

ForBenrene 20 Cand 1stmosphers por &g om. prewure the
compresdbility 0 =01x 10~

W
From squation (11) n'_m-d

Mol.wt. for Henzens ='T8 Danslty of Bonzene a4 20°0 =0 83 gr per ce.

ax Bx7Bx 327y
x x I8 % 0 885 0T x
A TBX 27 112_
n=f X XS0 BT Bl x ] =361

From an sxamication of the resnlts of number of substances
it s foond that for most non-amoclsted liguida ¢ lies between
3 wnd 4 (Glasetons Latdier and Byriog 1841 p 4%4) The valae of
n obtained from eqnation (11) is thos fn fair sgresment with the
valoe of n=¥3 for benxene

Por carbon tetrashbloride the compreasfbility at 20 O and 1
stmoaphers per &g om. =00 104

Molar Yolums for carbon tetrsahloride a4 180 O=907

o= » 7 M ”’:xl..[
35 A0 < F08 = 00 10 .

The velue of n=4.11 for carhon tatrunhlorids is fn agreement
with the velue of D=3 to 4 for moat of th  non-sssooiated liquids
Tt will ba seen that equation (10) oan be used to calenlate the
Internal pressure tn s Hquid whil equation (11) can bo used to
calonlate the compresibility of s liquid and detsrminstbon of
v & lestor whish dotermines th slxs of & Wol nectasmry fox
viscons flow
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SERIES TRANSDUCTORS

By
N Sarkar BEE, (How) AATEE,

Electricel Exgrssring Departwad
Birla Enginesring College Prlani

[Abstract The theory of transductors bessd o 4 ¢ 0.
edge oi slectromoqnatism ts discumsed ety “ws g
unulpﬂmmwwodvilhuvin 10 €D oty L or smry
which are commonly tackled in ressarch ]

INTRODUCTION

The Trsoeduotor je an sl wagetie eyok 1n v o
inductance of an & O winding can be eontrofiad ty A
magnitade of direct current fowing in a edl e, s o
with the A, O winding Thi praviowly kray 5 il
Reactors” have been in use for many yeany! ErtPa o mes
oonflned to power angineering. Owlng to ¢he Yo g P
of magoetio materials with desirable charsetyry .o

F¥% vy gar
Tiw
applicablliy of Transdnotors In electtieal ¢y P :‘ .:‘
nuniquphoed:tuna‘huem i
Magnetonios foe this branch of stady Ty
englneering are used mataly rurn;utamu CAls gt e g
caruring heavy direct ourre o bt .
5 : uctors Are used 1 b bepn  In
leotronics, Transd iy, Mol
F";Oﬂ LB‘“;:"‘:‘;d metering Thnwm A yippy ALt
"Tr-mdu\:ﬁ are ita usefnl form of Cttyrs | yearen

% darrns &
ruggedness of conatrootica and rellabitiy h"’ﬂl‘-’ﬂ«’r"””

PAw pirms
2Ty pow

ng the recond workd war (1 ¢ . -
mth::;lec amplifiers quit ;;r;_,fzwav/
equipments® 1t msy be said that ““:‘" “I b o -
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development of Tranaduetors started sinoe the ond of the last world
war Incertajnaspects magnetic amplifiers became comparable with
the thermionio amplifiers since theso are able to mix and amplily
D C powersof as low as 107 watt, Using mometal ooros and
self-excitation or positivo feedbaok the power amplification oan be
increased to 8000 or more Ipapite of the fact that magnetio
amphfiers can be nsed aneceasfully for precision {nsteument work
snd seoond-barmonle modulators ar other antomatio controls, the

pplication of this is seriously limited by the large time taken for
the outpet to respond to the change of foput d o signal.

This paper however is iIntonded to desoribe the bLasio
principles and e review of the present theory of ssries Transduotors
Various sgthors have anslyssd Transdactors {n great many aspects
of thelr behaviour The principal aspoots are

(a) A simplo serisy Transd with somp roly low
impedance in the control cirenit.

() A slmple serics Transd with comp 1y high
impsdance In the control ciroult.
(c} A series Transduotor with separats feedback
windings
(4) A veries Traned with self. 1
(«) Transduotors with second harmoalo fesdback,
and (y) A parnlle]l Transductor with eonditions of operstion
as mentioned fn (¢) {c) and (g).
From the sbove it {s seen that soch ramifications of Trans.
ductocs can bardly be summerlsed in one paper and therofore we

aball malnly eonfine our db fons to series-transd elroufts.
The list of symbols to be nssd s given bolow

LIST OF PRINCIPAL SYMBOLS
¥ — Voltage scross the Traneductor elements
I, — D C component of current In the control clrenit

fe — D O ecomponent of current in the vontrol-slroult with
seif-sxcitation
I..,~— Average carrent In a. ¢ oircult sfter rootification.



D —
Ky —
R —
X —
By —
L —
*_.
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Instantaneous value af eurrent in the a. o. oreuit
Peak magnetixing current when Kw=1 and p =0
Current corresponding to & the displacemens of
the flux axix

+“JMean power amplification.

L

No. of turna In », 0. winding on each Transdometor
element.

No. of tarme fn d. o. winding oo each element.
Belf-excitation turns on each element,

Total reaiwtance in the a. o, cironit.

Total reactance [n the a. ¢ ofreuts

Total resixtance in the control eiroutt.

Induoctance of the sontrol clrouit,

Average valus of flux betwoen 0 and 2r for amngle
oore or displacement of the flux axis.

Angular frequency of aapply

Ry

Eq




BASIC PRINCIPLES

Fig. 1 shows the baxic Transductor eirouis using two cores.
E isthes. o voltage applied across the two windings {n series,
and E; the direct voltage s applied aoross the two secondary
windings In opposition in order that the transfarmer sotion on the
d o windings is eliminsted. The a o windings are commonly
termod ss load windings o output windings and d o windinge as
ocontrol windings. Thero is a load resistance R, in the & o olrouit
and R, ia the reswtance in the d o circult smoh that Ry Ra.
The two transduotors are d to be ideniical In all respects
In the following disousslon B-H characteristic of cores is assumed
as ahown {n Fig 1{(s) Now with 8, closed and B, open, the

Fis fa

eusrrent In the a. o cirenlt with normal supply voltage E. s
negligibly small. This eurrent produces a very small voltags drop
across R, ocomsequently E,+E,=FE, To writo the cirounit eqaation
in geners! form

EemE i+ By t] Ruvess ooesmes e oo {1
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1f direct ourrent of magnitads I, now flows when 8, la closed,
the floxes produced In the two oorea dos to I, will be in oppoalts
direstions since the d.o windings are conneoted in oppoaition.
Thus st any fnstant the d o. Sux will help the & 0 finx In pns cors
and oppose the A o flux in another  And a4 & particnlsr nstank
the core 1 (sav) saturates and B will bocoms taro  This may be
termed as the condueting penod, whenoe B =B, +1L B,  Thi
abows that full Yoltage E, is switehed oo scroas the lond and I, at
thia {ntant {s mdeh greater than I in equation (1).

Again the geners! irenté aquation for d. ¢ obrenit,
8 A P L
where N=F /X,
The sbove egoation i valid for non-condusting perlod L o.
when nefth r oore i3 sstumted But when oors 1 M sstarated,

-0 th
NE o OmNE,+BEa~TaBe of LRu~NEHE .. (3

The abore congiderstion shows that for ¥ =0 sa increment
1n I, ooours snd slpoe NE ex0 equal increment in I, must oceur in
the cantrol eircult {n order that equation (3) is satiafied O oourse
the magnetiatng ourrent is tgnored  Henoe it may be written as,

LN «lify o T wNli s e o (4

1“”‘
EOVent
EgoVint
EalVerit
D
Tyl

Fis 2
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Thia is the most important control charsoteristio of & Trans.
dootor and gnifies the tio amplifier op ! If a ourve
fadrawn (I N . I,N;) itcan be shown thas the equation (¢)
a only true for the linear part. The linearity Is sensitive to supply
voltage changes as i3 indicsted by the different ourves. (fig. 2)
Anotherinteresting feature js that the characteristics are fnsonsitive
to the polarity of direet voltage Ey

CRITICAL REVIEW OF TRANSDUCTOR THEORY

Here wo shall consider a serles Tranaduotor with s ively
low impedsnce in the eontrol clreuls and with or without feedback
To the analysis of the theory of Transductors, cortain amumptions
are necemary In order to bring out the design features in & simpler
form so that the theory conld be conveniently nsed in praotloe.
Although it ahould bs borne in mind while making asrumptions
that no appreciable error s introduced in the theorstieal and
experimental resolis obtalned therefrom

A rigorous analysis of Transductors is extremely difftoult
becanse of nonlinesr and multivalued oharaoter of the magnetiza-
tlon ourve Therefore the amumptions gonorally made by different
authors are

{¢) The magnetistion chsracteristio of a core consists of
» very high permeability in tho nnsatarsted reglon
{followed by abrupt transition to complote 4
(Fig. s).

(ii) Magnetislng current Se ignored

(1) The onsstorated reacts noes of Transductors are so
large compared with R, that the phass difference
between the applied voltage and that scross the
transductor is neglected,

(/) (a} Control eironit impedanes v asasumed to be neg
ligibly smsll compared to R, This assumption
complies with eertain requirements In fndustry
and antomatio eontrol.

{5) Control cireult impedsnoe 4 comparstively high
and this assumption finds Sts application In
messuring heavy direet corront o high voltage
D C.[R ferenoe (10)}




in

In addition to the above almost all the anthors on this subjess
amume leakage resctance hystereais and eddy ourrent lomsss
negligible Alwo the forward reslstance of reotifiers is assamed to be
amasll while reverse resistance fs vo y high.

In » papert by A. G Mflnes amsumptions made fall in
categorles (i) (1) ( % (ichs aod from the basie assumptions, flux
wavre forms were derlyed end equations wers developed for
magnetomotive foroew operating at every Instant in the oyols

Fig. 3 (a) shows the goneral wavoe shape of supply voltsge E,

At aninstant « of the voltage oycle the oore mturates and o
voltage noroas the transductor drops to xero {Fig 3 (b) ] and the
total voliage (E = I, R) appears scrom the load reslstanes B,
{Fig 3 (s) shown full Hne} Instantansons valoes of flux in the two
corea between 0 and « (i ¢ when the cores are  Deaturated) are say
¢, and ¢ [Fig. 3(c)] Between « and  the core remaine aatorated
and the valus of luxincors 1is ¢ and ecre2 is ¢y [Fig. 3 (o) ]
During the intsrval v and w+e, the corss are again upmtumted
Again in the time Interval ¢ +x and 2r the ocors 2 {s saturated but
coce 1 fa upmtarated.
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Lot the supply voltage be E, = E. 8in wt. The a. ¢, windings
are connooted In serles and the control windings ere in series
opposition (Fig 1) therefore

N ("_a’;_.,_%x =E, Blawt x 104 ... (5
and

¢ _ dgy

Referring to the abore assumption, the equation (6) shows
that when the flux in one core remains eonstant due to seturation,
the flux in the other cors shall also remain constant The
maximum pesk voltage B, that can be appliod to the transducter
withont causing eaturation & L being sero is

24 wN
=TI

E,: where ¢ |s the mturstion flux per eore

fn
¢
{5 & (0) within Omits of wt=0& wt=a are

$1=ts+Keycom —K¢,conwt ., . .. )
$ym-K¢ oo wt—(1-K)¢, . &)
The averago flux in core 1 say {5 equal to § (ha—9g (fig. 30)
where, = —h ¢, 008 a —(I—h)ée
Putting wtea n equation (B), we have
¢ =i [E—K)+K oosa] .. .. - (W]
This qoantity is of interest sinee variation of ¢.. determines
the 1ime constant of tranwlostor

u K:EY:- = it can be shown that solation of equations

CIRCUIT SENSITIVITY
d .,
defined as th Where1 (s
The cironit senslitivity wos defined as the I are
the nverage rectified load enrrent and was fourd to be equal to
a1 X/R-1 (10

a I‘ -‘ }i'm - 1‘« o

with 3 =0 where x-%l-nl!*xclhtlon fastor
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This show that the qurrent amplifieation {s Independent of K
or the valub of A, O. supply voltage The sbove aleo shows that
the current amplifieation of » simple tranedastor is not conatant and

eqoal toR—'u il y t Fa g bat thet the
smplifioation depends on the ratio of X/R of the 4 C cfrenit

POSITIVE FEEDBACK
The sensitivity of & simple transdactor m y be Incressed by
using the rectified ontput corrent I, to prodnce snm m { which
aids control m m {. This is known as ‘poxitive feodback or
well-exeitation  In (Fig. 4 th transductor contalns sadditional

Fic 4

windings N which are placed on the cors such thst it is magnet-
lm\ly parsllel with th control windings and bence immune from

f int v The welf. ton winding provides the
ferdbeak and 0 connented in soriey with & rectifior in the load
circuls of the tranvductor The load onrrent I, thus passes as
reotified owrrent I through the winding N, produclng feedback in
the Trensduotor

The degres of fetdback In d s ¥ d or
d d by ccrrespondi lteration of the no of turny X The
functém of feedback amp-turns s to decreds or fneresre the D O
exolt tion and thus firet the reeuitent transductor chara teria.
ties Hepoe the feedbask s called “undercompensated If the
feedback amp-torna is less th n the D Q. amp-lurmna for I, belng

poxitive, And the d feedback s ealled ov P
P~ /
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it the feedbaok amp-turns exooeds the D 0 smp-tarns for I, being
positive  This overcomponsstion oharicteristle produces an
1nstabflity loop in the resnltant control characteristls suoh that Lo

jumps from a low value to s higher v lus as I, goss positive end
jumps in the reverse dirsction sa L, goes negative

Therefore, the boundary betweon undervompensting feed
back and over-compensating feedback is determined by the NN
= =»olf excitation factar In the esss of an Ideal transduckor

oritieal value of X =1 for a series transductor and 0.5 for » parallel
transjuotor

The Fig. § shows the charaoteristic of an undercompensated
{eedback transductor The positive branch shows inoreased control

IaNg

P

TN
Fie 5

sensltivity while the negative branch shows reduced sensitivity
‘This also fndiestes thas the range of linear control Je shortened in
the positive branch but lengthened fn the negative branch  With

thls form of foedback high power galn is possible The ourrent
sensitivity {s of the form

IaY 1
- e 1
G‘L—V,)_’:, (rm B A1
MR-l
where X XRFi I thereoiproosl of the eurrent amplification

" idered for pl 11 i{ NemN  then wo have

40 (om
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Thus for & glven ehange of control currens ALy  the oorres-
ponding change of transdastor ontpat voltage s

Av:B[(g-In“)(AL)]

AV X N,
o A= G w5 e -0

Thus the equation (I2) is seen to be & constant (independent
of R) for any partioular transductor  Therefors & full eelf—oxaited
transductor gives, for ¢ cartain change of eontrol urrent, w defl ft
change of output, voltage whatever the load resibance may be
This ja eontrary to the behaviour of & transdootor withous feedback
{Eq 10) which gives, for a fixed conirol current, output eurrent
varies only slightly with the load resivisnce

TIME CONSTANT

Hinoe the tranwluctor sireuit s assoclated with varying i x
denatty with respect to time the ilme of responss of the chang
in load eurrent with c¢hange in oontrol carrent is a determinabl
factor The time constant of transd stor depends on the change
of the averag core flux ¢y, with change of I, Binoe th ¢, i}
positive in one core and negative in the other and aince th tw
d e, windings re oonnectsd in series opposition the m.f
indnoed by the changs of aversge cars flux in the twod.  windings
are edditive. Butihers o noreaultanie.mf oross thene, wi di gn.

For a reqnltant load there oan be no time lag batwesn oontrol
ewrrent, th related ¢o and the corrssponding outpat arrent
It follows therefore, that th exponential time lag betweon the d
voltage and d o o rrent constitutes the so! time lagof the trans-
duaetor clreutt  With ref rence to th  condition juss steted, the

quation for the riee of comrent I, (n th  control eirouid

Rt ) mul.n.»rm,(?i.) 10

from thie th tim constant can be derived as follows:—

'r:-%(;-’i—')w- et v e (1)



178

The power amplification is defined aa P:‘G—II:J)‘}?E

And 1f X/R s very largs S—H‘ tends o & Hmiting value (l-lx)

and it esn be shown that
1
P=utT(=) e e e (18)

For complste self—oxcitation the Bq (13) beoomos,
= (L )
T= (RZ) [r+o— 1
bere g corresponds to an angle at which i, w0

when, =r gor/, T::L‘

R,

. 1 La
also =0 po0 T=t e

Thus for the limitlng condition of full self-exoltation the
tlme conatsnt of & transduetor at low cutput ourrent is equal to
Ly /Ry For all the conditlons (A < 1) the time constant iv lews than
this valoe This slso reduces current amplification This redaotion
of the time constant when A<l i at the expense of a reduotion
in the ratio of P/T (Eq 14} therefore a high degree of self-oxolta.
tion s preferable in most spplications.

It ja aleo foand that the ratio of time constant to the current
amplifieation is independent of K, where X/R is very lurge the
ratio becomes proportional to R Bome time ocnstant measure-
ments for » transduotor with 3 =0 it is ssen that for low output
currents I the tims constant Is high and that at high output
currents the current amplification and the time constant both
decrease considerably These are imperfectlons camssd by the
core characteristics and are not predioted by the theory

The asenmptions made by 1ilnes reduces the utility of the
analysis to some extent in It s spplication to practical problemass
pofnted out by Hludson  Binee most core materisly show consider
able curvatare at the knee of the B/H curve the transient changes
that occur at the out-ofl eannot be Ignored, Thus the sssumptions
made by Hudson are different {rom thoso of Milaes In that, the
phase shift between E, snd V is not neglected snd also that the
magnetlsing éurrent la not Ignored,
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When the flux reaches the knes of the magnetimtion eurve
{Fig 6 the whole of the sopply voltage appears acrosy the Joad
resistanoe B, alnce sores 1 and 2 are both saturated in the sliernats

half eycles. The transdnstor regaine eontrol when the load onrrens
falls to (I,—I,) At this point the tranalent chauges ocsur duos to

the flux changes the eq
Eu Bin (st —g)=1 B+X/e §—£‘-.. R )]
R
= — differe,
where g=Bin! e dapotes the phase noe befween
supply and transduotor voltages.

P

A To(-K)+ Tog

™ WITHOUT
TRANSDUCTOR ACTION
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The solution of equation (I8) giver the vwlne of §, with

proper substitutlon of valuos of Oand islng ourrent
L =~ET oon utg [L{1-K)~T o0 1q)
The effect of the exp 1 term Is to displ the L doring the

operating period of the tramsduetor and to ehift the point ¢ st
which the eurrent {s xoro  The maximum powmible valos of wi=w

and sinoe R/X jo small o_(R/xMc-fl and hence

1 m—KI cosmt ( [I{I-K)-T1] - (17
The equation for outpat currens I is obtained as,
L. =9K I':[n(l--) W] .09

Sinoe the eontrol winding links Loth cores and has a low
{mpedanco to harmoato currents there wiil be & eironlating eurrent
when saturation ocenrs in one core which will prevent the fiox
shange in the second core As Milnes points ont (Eq 0 the
coutrol current will be the mean valus of the magnetising m. m
for sny one core

Hence x
2 N
o AP R R I L )
It will however be notieed that the Eq 18 fs Indepen’lent of

3 and also that
N
L=ttal [g]
where §4 I8 now the control surrent with rolf-sxeitatlen The
equation for iy foreal
-

_X 2 (1-3)
=xl -2 ’i{ %1 o
ap interesting eare occury when A=)
N -

=R +3R T {F0=10} ] n

An Interesting featore is that I,. 1y and {4 are all expressed in
-
terms of the msgnetising eurrent for zero load n mely - RI.,
H 1

when a=l I,, becomes the magnetislng current T KI, (I_T

It §s levn then -:—KI owling 1o the Joad resistancs which introduce

the ;;term.
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A B/H Carve W shown in {Fig. 7) A palr of straighs lines
B and O eun bo fitted 1o thia, but thers are emall dissrepansien ot
low valae of flux density snd qulte largs depart ros near the knse

of the curve lbuboendeﬂuodu{k}'ilnd it my also be

wrikten as, l:--K_ which now defarmines the flux levels sad

DE pc

Loy

f K iant)

@ @
i ‘t‘
Tx
%,

o3y

T
Fie 7

thls #q ation will thenbe tru for « B/H urve which s not Ninear
upto the mtaration point. Blnoo the B/H surve d termines T
wnd I this mast have some offect on I, I, wnd fa {equations 18
19 and 0] Bu onlees I changes approotably with a Il not
substantially affested It iherelors follows from equations 10and
20 that I; and {; are dependent on the shape of B/H eurve anda
oloset app tlon to the true ch tetlea {8 cbtained by
{naerting the values of I derived from xperimental B/H curve gu
correrponding to the required value of o, In th equations 19 & 20

Th fux levels in the two corcs of the Transdactor at any
tnstant will be #,¢ 14 whersh W th flox chango Bines the slopes
at thess finx lovele are different, a oirealatiog exrrent flows in the

—— e
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eontrol cironit such that the mean valus of T s given by
$(Ig—I)+1  where I, and I,, correspond to two fluxes and I
correapond to 4,, The effective B/H ourve s therefore of the
from shown in Fig 7 The comstruetion of this curve fs glven
elsswhers

In most of the theories developod by other suthoes (Raference
17 8)a rectanguler magnetisation curve was assumed and the bails
of thefr an lyres falls mainly in the categories (1), (1) (L) (ir)
Although the form of presentation lo these papers & comparitively
simple snd provides scope for olearer understanding of the
magnetio amplifier phenomen  The results obtained are simpler
than those desaribed bofore but sinoe they suffor from being to
simple these are Doj presonted h ro  DBesides the conolusions
derived from their experimonts are to w certain extent sgrocablo
with the prosent knowledge of Transduotor theory

ARRANGEMENT OF THE WINDINGS

A Transdoctor with two separate magnetio cores is meldom
ured in practios The more common armangement of corey and
windings sre as shown In Fig 8 The factors governing tho deaign
of arrangamment of coces and winding are leakage reacts ce s ving
in winding space ete,

i1 &
\ N

SHES

[ ‘/'." Lo m—

Fie 8

The magnetio properties of the coro materials shonld be sach
that hysteresis and eddy-current loascs are minimom, the aaturation
flux density must be high and the {deat B/H curve should be
obtsinable Theee charncteristics must Lo adhered to for speolat
high guln smjlifiers.
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It has alsobesn found thet the constraotion of sore laminatlons

affect the performanes of & transductor a great deal owing to the
follawing Iaots t—

The normal method of staggering the Ts and s or Ea snd

1 produces air gaps at the jolnts thus there is soneentration finy

in one lamingtion [Flg. #s)] esvsing loce] mturation of iron and
reduces the sharpnems of bend in the B/H charucteristic

(8

®)

Fic 9

Thesofore }f the batt foint fa overoome by ok produeing any
afr-gap, & niformity {n the fux path may be obtatoed (Fig. b)]L
Tt wea found to have weoured considernble frprovement on the
eham of & th piift

CONCLUSION AND REMARKS
1 The linearity of the control characterietlon of a tranmluctor
s dependent upon the mipply Yoltage th se)! exeltatlon factor A,
the DB/H characteristic of the ¢ors muteria! the pattern of the coro
and the foud.
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The oh ristlo i primacily indepsadent of firequenocy of
a, o power supply Beoondary {requency elfsocts suoh as hysterasly
loss & eddy ourrent effects in the core or leakage flax of the
windings m y effeot the characteristia.

2 The well known amp-turns relation (LN =I,N,) differs
slightly (see 6q 10) from the lundamenta! ourrent transformsr
relationahip The magnitude of derlation depsnds on the trsnw.
duetor construction the form of the actaal B/H onrve for the sore
roaterial and the ratfo X/R for & transduetor

3 The time constant or the response time of & transdaetor
to the Input d o wignal voltage s depsndent on 3 the sell-
excltation faotor the frequoney of the s. ¢ power supply the
impedance of the control oireuis and also the overall power gain of
a transduetor In the opersting zone

The ratlo of power gain to time constant {s independent of K
bt proportional to the losd resistance whea X/R h large

Tt is aleo seen that transduetors without any feedback hsve
hizh time constant for low ogtput currents. While as high output
curronts both ourrent amplification and the time constant of a

1 d

(Jnral

Y

From the above eonclualon, it te evident that the dealrable
characteriatio depend much on the type of cors material chosen
snd also on the carel | design snd constructlon, Reviewing the
titerature of this feld cos immediately notices s common properiy
of these papess  In most cases the snthor actepts s mathematical
defeat and makes rash assumptions regarding forward and reverse
resistances of the restifer and the B/H relstionship of the magnetio
material  The perfermancs equations derived on the basts of theso
aw mptions establish a olear and almple physical pleture but
cannot be tsed to predict the exast performance of the traneductor
amplifier  Non-llnearitics of tr plifier are fust beglnn
ing to Ls studied!! 1o be able to predict exactly what ontput will
Lo oltained for & given eontrol cuwrrent

In this connection It may bo noted that to obtaln high power
gefn bysteresis and eddy current lostes eannot bo Ignored in the
deslgn of magnette smplifier  This Involres exact determination
of Dynamio hysteresis loop for & cors msterlal Revently the
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aralysds of lagtor lifler B I d on the te
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ISOMERISATION OF BENZYLAMINE
THIOCYANATE & METHYLAMINE

THIOCYANATE
AR
R. D Gupta C B Bhainagar
Chemstry Dept Chewusiry Dept
Birfa Coftage Pjfan: Birla College Pilans

In efforts to oorrelate th lkalintty of the bases with the
extant of jsomerimtlon of thiooyanstes in the proa now of solvent
and without i6 the present wotk la originated.

Bensylsmine thicoyanate m p. 1001010 u thiooyunats of
the bsse havipg the dissociation constant 2.4 X104 a4 25 Ca
prepared  Study of tts lsomorisation to subetituted thiccarbamtd
u nnderiaken.

Mothylamine thiceyanate mp 67°0 a thicoysnate of « base
having the dissodiation conatant 5 0% 10-* at 2500 ja prepared. The
1somerisation of this thicoyanste i elso undertaken. Th lsom ries-
tlon tn solution as well as in the sbeoncs of the medi m wat
followed by estlmating thiooyansts lofi bohmd wnchanged fte &
certain Intervel of Mime

(») In squeomn slocholic solution (1 T) at 850 th leom risa-
thon {n both oases cguld not be deteotad sven qualitativaly a point
in Hy with th bllahed rule “Btronger the baws alowe
s the isamerkation of ita thiosysnsts in aquecns slonholie solution
st 25 C Diluto sulphurie eoid in case of mathylamine thiocyanste
only was detected to soselerao the feomeciastion in  queons
sleoholks solution and th lsomerisation was detested only quall
tativsly  But fn ouse of Benxylamin thiooyauate eulphurie acld
wus found to be Immateriat

(b) A narmsl solution of banxylamine thiocyanat 1o ethyl ne-
stycol solntlon at 14070 womerised stowly After heating for bous
40 hours the ressction seemed tostop  Heating for another 8 hoars
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The above method for estimating thiooyanioc acdd was followed
in ease of both the amines

St dy f Isomerssation of Bensylamnme th ocyanate 1n solid
o 141 e urthont metium at 100°C and 120°C “—Boveral test tuboe
having definite amounts of solld benzylamine thiooysnate arrmnged
in s rack w re put in & bath maintsined st & partioular tempera.
ture After definite Intervaly of time known weights of the heated
remdue wers est! d for thiooyanic ecld a8 deworibed
abore

Study f Isomerisat on of Benwglaming th ocyanate n ethylene
Alycol an 100°C ~Normal solatfon of benzylamine thicoynate was
prepared in ethylene glyeol and 6 oo of the aolution is titrated
aguinat standard silver nitrate solution in presence of 107 nitrio seld
osing iron-alum as the indicator The solation was refluxed fn a
confeal flask fitted with an sir condenser xnd keph in an ofl bath
malintained at 140 C  After definite Interval of time 8§ o ¢ of the
wolution is taken desulphurised by alkaline oad Ipt as
before filtered washed till free from thlooyanate contents and
then determined by Volbard's method

Study of senarisat on f Blethslamine th ocsanat s sol d state
€ without any wed um at 120°C —This was lso studied in the
same manner 48 In the case of Benxylamine thicoyanate

Effcct of miphuric acld on the womcrisation of methylam cc
th cyarmate ard beneylam ne thiacyanats at 85°C —103 o o of
N Methylamine thiooyanste solation in 60% slechol was propered
and *0c.o of O 1\ sulphurio acid s added to {t and the mirture
i refluxed on » waterb th with & condenser  The hsomorisatlon
was studied in the same manner as before

Tt was found after refluxing for 18 to 20 honrs that in
presence of sulphuric aeid too the isomerisstlon was very slow
and the change Is 8o littl that i cannot be determined quanti.
tatively but only quslitatively tested

In case of benzylamine thiooyanate no {somerisation was
detected even quaiitstively after 20 hoars hesting.
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TABLE 1

Results of the omerisation of & N/2 and N5 Bensyhming
thlocyanate as 85 Q.

LB Time Tﬁ% o e it | Foloatty Coasians
1 2 hours No t rt Not Tisatd
LS 4 -

i. e -
8 .
5 0 " .
L9 1, »
? nog -
16
9 18 . n .
10 2, -

Conclasion —From the above sble & Is olear that even after
20 hours henting, no leomeristion has taken place
{n cass of afl the ooncentraticus mentioned sbove
The jsomecisatton to wubsiitated thiourea was wot
oven qualitatively deteoted
Resnits of the faomerisation of K N/2 N/3 methylamine
thicoyanate ¢35 C

Results obtalned in thls case are similar to the rosnlts
obtained tn caa of Benrylamin thfocyanste st all the concentra
tlons and henoe the conclusion arrived at in csse of Table No I
also holds trus here.

TABLE I
Results of th fsom rixation of Benxglamine thiooysnate In
melt ad 100° Q.

x '”‘""’"‘l"‘") Velosity Comstant

8 Xo. Ttms thieeyamste somtee
1 hour 6308 0002073
2 " 21,86 0001217 T
3 [T 1066 0.00100
4. 3 . B8 ey 0001042
5 I n 8403 0001111

Concloal & —From the table It la clear that jeomeriation in this
cae0 is very slow even in melt /
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TABLE VII

Results of the isomerisatfon of N/15 Methylthlooarbamide to
Methylamine thicoyanate at 85 O

X Time \ ﬁ,o‘qﬂ;“u“{m ¥ looity Constant

1 10 hours 759 00001318

2 0 8347 000007273
3 0 . 0813 0 00005744
¢ ) 12.08 000005364
8 5, 13 50 0 00004887
I 60 151 0,00004548
7 70 18 61 0 00004327
8. 8 1811 0 0000416

Conolosion— From thia table it Is olear that methylthlocarbamide
is isomerising to methylamine thicoyanate slowly
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MAGNETIC STUDIES ON TARTRATES

By
Ramjl Lal Mittal
Chemioa!  Latoratores,
Maharaja s College, Jalpar

TAbetract. Mean susoceptibility ot several powdered Tartratey
bas been meesured. The resalt has been discussd in relation 1o
the delormatica produced on the tariraie lon by iis eavironments
#nd hence s infl on their di

INTRODUCTION

It js wellknown thet orystalline elcotrio flalds ean produce
deformations {n jons and radiealy (o crystal lattices The
nfl of thess defs ond tim of was or radioals
34 quite fesblo and henoe much atteation has not yet been focumssd
on the siudy of this efiest,

A survey of the «xper! 1 resnlts of Irorganto carbonates
wod nitrates reveal that dlamsgeetiam of (VO or (CO)  radicals
& influenced to & mesgurable degree by the charsoter of the
environment of foos surrounding the radiosl The following
table (I) made with the belp of Angus (1833) valne of m taliie
fona and the exp 1 valuea of Nilk (1938) for the eom
‘pounds makes it olsar thet spherieally symmetrically fons [ik
H¥a K Ca* 8" sod Ba** which surroand the redicals (\NOyf
or (CO,) oan produce & changs in the dismsyuetiom { (\O
and (GO radionls

TABLE I

Aean susceptibitity (~Xx 104) of (KO, radlcal {rom
powder crystals of

KaNo, ENO AgXO 8r\0y)
21 ~08 *0.3 18%



TABLE II
Tona X
Na 37
K 131
Cav 104
8 202
Ba+ as
Mg+ 29
Zn+ 138
NXH 133
TABLE 11
e Oempound I x ! % \ TE T te
on
1| T rtare aeld
(CHOH)(COOH), 4007 601 632
* | Hydroden Ammonlom
T rtrate
“H (CEOHL(COOLH 4707 B6 [
3 | Sodlum Tartrate
o, (CHOHK{(COO) H O 4100 g1 087
4 | Potassiom Tartrate
R(CHOH),{COO), 31,0 | 4085 | pso 633
5 | Btrontium T rtrate
Be{CHOH)#CO0), 4H O 6085 1388 670
6 | Calclum Tartrate
Ca{CHOH(COO), 47,0 4077 110 593
ol agnesiom Tartrate
3(;(0"0”},(&)0),,55‘0 o2 | 138 .17
Zinc Tartrate
Zn(OHOHNL(CO0), 2,0 |  4%8 | 107.2 87
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DISCUSSIONS

T'lw‘l " 1 way of repr ing tartarfo sefd is which

l':>u~é ) ~c<:m makes {¢ & dfhydroxy snocinia scld Mean

b mn:::':l:tyai nhu;e!nin 20)d has beon

y Gray aud Bi 914) w!

B ~5{6x104 Thus adding the dhunsn:ue mu{m{)\(:lﬂi:)dh;:

:1::. ‘;on 10 to 1t we get foe tartarie acid e —03.8% 104

! 6 experimental value f —~89 1% 107 Tusoels sdditire

vatoe ':(ﬂmnthﬂng two kinds of oxygona [(1) whish are siogly

bunndl i to carry two atomu and (if) whish are doobly hounded to
curbon atom] for tartsrife sokd s —068.7x 107

For the tartrate lon In the yarous com; ctadivd T
werles from —~B9 0x 10 to 080x 10 'hw.pcnmdl et X
valn B —60-6% 10~ Thus the diff rentenvitonmental oonditions
fn tartrate Jona In these salts produces d formstion of the tertrat
iom in the orystal lastion whish inflnences th diamagnotiam of £he
lon considersbly

"The two alkall slts, potamium nd sodium tarcrates meks
a good comparstive atndy of this 1nfinance of this Adetormation
o dismagnetam of the radicsl. Feom Raman speatrs of theso
two aalts  Padmenabhan 1048) 1 S known that for K—aalé e
O~H osciliationa give one intonse line ¢ 2998 Cm™ whiress
sodlam it givon w0 intense Jincs 81 3938 834 1081 Omt TBO
splitting of the (O ) asoliiations [nto two limes o sodlom salt i
das to the doformstion of the tartsto ton 1 sodinm walt 02
roforring to table TIL wo aleo find that doformsion tn aodiest
salt has actanlly ipereascd the Alamaguotiss of & tarirate In the
selt which {a also th caws es fownd 12 Arrogonite

Tt will be ween t om bt 11 t:&im :d:;to‘”m:,(;
for tasrate fon ~00 Tx 107 &2 yery uea
tartrate fon in Oul lum salt. But tf_khuno significance Besauw
wh ORD TIOY T thlr-lunal\lu- tartrat

Y lew th oM« OC cecillations will never be

:“‘i:lml the sats ot t TiasiS woid snd hencs Peveals consth
lu'::a wlli be of aufferent for diff ront salte.

TR work wes oprried eut io th Thyaleal Laboratoctes, Birts

wnat  Th suthor wlbrs 10 thask Prof  A. Moker}
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