
The glass electrode m recent years is rapldly repl,lcing the 
l~ydrogerl and qulnhydrone electrodes m pH mexwrements bccause 
~t reaches equ~llbnum in a very short t ~ m e  m d  does not get poisox~cd 
It  is not affected by oxld~sing or reductng agents and ts applicable 
over a wide range of pH The only difficulttes encountered in the 
use of a glass electrode are (1) ~ t s  lligll electrlcal resistance, usually 
of the older of 10 - 100 rnegohms, wh~ch makes the balanang of 
the opposlte electromotive force from the potentio~netcr d~fhcult, 
srnce the hidancing current is reduced to a small value, ,tnd (2) 
the polarization of the electrode due to the contmrrous drawing of 
the current, w l ~ ~ c l l  changes ~ t s  eq t~xl~br~um potentla1 The clectro- 
statxc methods such as the use of quadrant electrornetcr (Mac-Inne5 
and Longworth, Trans Electrochenl Soc , 1937, 71, 75) ~ n t  olvet, 
many difticuftles such as (1) the low voltage sensltivlty, ( 2 )  te~npwa- 
ture fluctuat~ont, and (3) Icick of zero stability 'it 11rgh se~lsltlvity The 
lug11 electrlcal resistance of the glass electiocle can he i c d u ~ e d  by 
decreas~ng the t h ~ k n e s s  of the glass mernbiane and lncse~ising its 
surface, but these conditions can be satisfied only to a certam lmlt 
All these difficulties mn, however, be got rid of by the use of spew1 
thermlonic valve amplifiers 

The the~mionic valves have been used by various workerc for 
measuring the electromotive forces of cells Goode (J Amer, Cbtm 
Soc , 1952, 44, 26 , 1925, 47, 8-183) demonstrated that when an unknonn 
electromotive tolce 1s placed m the grid cncmt of a tr~ode k a l t ~ ,  
the e rn f is cletelmned by the change rn anode culrent Since 

the mtroductlolt by Goode, of tllc vacuum tube d e v m  for measuring 
the electromotrve loforce, marq hatterj operated crcu l t~  emplayng 
this device have been clescrhed In certaln cases the singfc ftxht: 

circmts have often proved useless due to zero drift and low senst- 
tlvity Dubrxige (Phys Rev., 1981, 37, 392), Soller (Rev Sci. Instru- 
inents 1932, 9, 416) and Turner and Sieglln ( I h d ,  1933, 4,429) 
!laye a special valve PF 54 and ohtzuned circu~t* nl 11gh 



sens~trvdy Combrning the inu-halailce (Tul nc1, 1 1 ~ ~ 1  , I 883, 4, 605) 
and co13ven(lollal bridge ui ~uita,  Gal man .md Dl or (Ind. I3ng Cllein 
Anal Ed, 1935, 7, 341) have constrn~led a powel ope1:itcd ;n~llphlier, 
but have not attained any high stabtllty and sensitivity, because of 
the high h e  voltage fluctmtions The circult clesm ~hccl hy Wor 6- 
mg (Ibid, 1938, 10, 897) a even lea5 ie11nltlvc :mcl ~ m n o t  hc used 
wlth a glass electrode 

Oi tlle many cirwts glven by valmus wurkers, one rlcwlhect 
by Morton (J Chem Soc, 1931, 2977) 1s chalacteiisccl by ~ t s  m o  
stalsllity In thls circu~t (null balhsti~), a high grade condenser 15 

chaiged wlth a diffeience of potential between the potentlometel and 
the glass electrode By means of d tapping kcy this concleilscl is 
clischarged through a voltage ainplifiel with ;1 ballistic galvanometc~ ui 
the CII cuit of the last stage valve Hemmgway (Ind Eng Chcm Anal 
Ed, 1935, 1, 203) has coizst~ucted a cllrect reading pH meter, depend- 
ing on the ballistic principle. EIls ii~strurnent when tried WAS found 
to be sensitive to about 2 lnill~volts and hence not wltable 101 m y  
accurate type of iesearch woik 

Mehta and Jatkar (Pioc Iizd Acad Sci, 1934, 1, 390) have 
constructed a two stage simplifier, usmg an electrornetei triode 111 

the first stage, and Osrain LP, valve 111 the second stage In t1115 
arrangement the drtft due to one valve was compensatecl by cllifl duc 
to the other They clttalned a h~gh  sensitivity, but the11 instrulnent 
was not quite free from drlfts, and the switch was vei y compl~c,~tecl, 
giving an undesirable galvanometer kick due to lsrealmg of the grid 
cir cuit 

Many mstruments containing an electlometel trlode are now 
on the market, but most of them are qulte uns~utable lor accuratc 
research work, clue to low voltage sens~tlvity 

One of the nzost mportant requirements of ail arnplifiel f o ~  
use with a glass electrode is that the grid curient should be ~educecl. 
to a rnlninzum In the oidxnal y ladlo tubes a culled, of t l ~ e  order 
of lo-" amps flows th~ough the ciicuit and electromat~ve force 



me<lrulecl 1s eiloneous by an amount clependmg on tllc grid leak uscd 
The valve electrometer used by Mellta and Jatkar is constiucted m 
such a manner that lowest possible grid curient (lou1* amps ) passes 
through the system A sensrtlve galvanometer cannot, however, be 
used with this valve, because of its very low mutual conductance and ' 
the drift in the mode current It becomes therefore necessary to 
couple thrs valve to another of hlgh mutual conductance to obtain a 
sufficient voltage senslt~.v.vlty 

In a thernironrc valve clrcurt the zero drift is of very great 
consequence, when a selles of successive readings are to be taken It 
1s however not possible to attain a high stability wdhout an accom- 
panyiiig loss of senslt~vity, the latter difficulty being overcome by the 
use of a sensitive inmor gal~~moinetel The best way to attain zero 
stabihty in tIaermionic valve circuits is to use two lde~ltical valves 
111 push-pull In the present l~lvestigation the a~lthors have cotlstructed 
a two stage amplifier by using two elect1 oineter trlodes In push pull in 
the first stage and two triode valves of high mutual conductance in the 
second stage Such an instrument has been used for the measure- 
ment oi pH and dissociation constants wlth glass electrode The 
c ~ r c u ~ t  diagram of the mslrument is glven m Flg 1 

The electronietei tilodes (No 4060) supplied by the General 
Electnc Company wele cons~de~ecl best su~tecl to rninirnlse the effects 
caused by the flow of gild current The electrometer triodes (D) 
were enclosed 111 an tight contarne~s, havmg inside a su~table drying 
rnateri,d to prevent leakages ovel the surface of the tube clue to 
ino~sture The connecl~oi~s to the g rds  of the valves were made 
through a side tube, insulated w t h  blocks of parafful The tnodes 
wele opeiated ~t 4 volts H T potentla1 m d  the fil,unent\ were 
heated at one volt The cl~aiacteristics of the electrornete~ tr~odes 
under operating conditions are glven below - 

Filament I O Volt, 
Anode .. 1 6 Volts 
Grid .. -2 0 Volt5 
Filament current , OIAIIIP 





A vel y low pl;k. potentiLil was used for the electron~et~r  \,ilve~ 
In order to prevent the mcrease 111 the q 1c1 current clue to phott ~ k t r ~ ~  
emission ca~zsed by the soft X-rays 

The cii cult rrsecl for second st<lge mpllhcatton wcls the s n m  
ns described by Ab~chandanl nrlcl Jatkar (J I ~ l d  Inst Scr , 1938, 21A, 
$63) Two Osram P, valves (E F') harmg a mutual ~ondu t tmce  oi 
2 0 nza/Volt were used 111 push pull These vahes were operatec 
at 50 Volts on the plate m 1  2 Volts nn the hiament The operatint 
condit~on\ were 

Frlament Voltage 
Filament current 
Anode Voltage 
Mutual Condu~tmcc  . 
Grld Voltage 
Plate curlent 

Y Volts 
, 0 2 Amp 
. 50 Volts 

2 0 ma/Sol t~  
-2 5 Volts 

, 2 l l l l ~ ~ l ' i ~ ~ q ~ \  

The filaments 01 the two sets of valves were heClted by sepa- 
rate batteneq The electrometer tnodes, wh~cll tvere not identrcnl, 
were matclwcl by regrtlating the leslstdnce 111 the filament circu~t 
Tinsley's Vernlei type potentiometer (A) was used f o ~  measurements 
The galvat~ometer terlninals and the key on the potent~onleter ere 
always kept shorted and one of the terminals foi the d l  w,is ~ t m -  

nected to the utlknown e 111 f to be meas~zred, the other hemg 
a h  ays earthed The cu r~en t  m the potef~tlometcr was kept s t c ~ d q  hp 
floattng the supply batterj A utqxvot galv,mome ter (G), Ixmnlg 800 
ohms I es~stance was used as ~ 1 1  i n d ~ c ~ t r n g  l~xstru~nerlt E a ~ h  d m m n  
of the galvano~neter was equal to 0 2 im~ro-amp All the valves, 
res~stances ancl switclm were mounted on :a prdh~lecl tc ' tk~ood tmr 



,uld tlie electronlcter key (C) m c l  galvaao~netel wcrc kept o11 $ 0 1 ~ 1  
par afin klocks 

The gllcl of the electrornetei v,ilvc wa5 coilile~ted to tlle glas5 
electrocle (B) through the electlometel l i ~ y  (C), using a I~ighly unsulLttecl 
wile to avoicl suiface leaks The key WAS so ad~usted, t h d  the 
galvatlometel needle dld not glvc any Icxck on pressing ancl ~t w,rs 
posstble to use a sensttive nlii 1 or galvanotiletei 

The low mutual cond~~ctance of the electiomete~ valve, owing 

to the low anode voltage applied, ics~dtecl In an overall sensttivetzess of 
SO0 inicioamps per volt, w l ~ c h  W'LS found to bc qulte sufficient for the 
expetiment One mdlivolt applied to the grld 01 the electioineter valve 
causes a change of 0 004 mtcroainps 111 the anode curlent of that valve, 
so that the potential applied to the second stage is (0 004 x lo-% 0 1 x 
10') 0 4 millivolts wh~ch in turn will cause a change of 0 8 m ~ r o d m p ~  
m the anode 01 the P ,  thus resulting 111 an overall sensit~veness of 0 8 
m~ci-oainps per tnillivolt With a plate resistance of 0 5 megolltns and 
10 volts H T in the electrometei valve circuit and 120 volt\ H T on 
the PP, valves w ~ t h  a smtable cl~ange m g r ~ d  bms, the sensitiveness ol  
the arnpl~fier coulcl be increased to 100 micro,lmps pel rndlivolt wdh 
adequate s c ~  eeniiig 

The circuit was qulte free from dilfts and attatned cquilibiiuin 
tn about half an hour after tt was switched on By adjusting the 
v,ulous resistances in the filament and tlie anode cllcud.s of the valves, 
lt: was posslble to make the drlft exceedingly small, the niaxlinuia drift 
obseived was 0 2 lnicioamys per hour which w'ls considelably less 
t1-m 1 mtci-oamp per 11oui clatmed by Melita and Jatkar (loc a t )  
Tlus drtft did not affect the ieadmgs, as thc equipment was used as a 
n~dl  xnstrument The high stabdity of the instrunie~it pernutted the 
use of a seils~ttve galvanometer and the e 111 f could be read accurately 
to about l/lOth of a millivolt, with tlie use of nlagnlfylng lens 

As already mentioned, the seilsitivity of the instrument could be 
mcreased, but it was observed that by mak~ng the instrument more 
sensitive, various electrical impulses were picked up by the mstrurnet~t 
and the stabdity was dlsturbcd due to the osc~llat~ons of the galvano- 



meter pointer It was therefore necessary to construct ttrc instrument 
In a nlanner 5uch that a low gam per st<lge was obta~ned 

A serles oi pH measurements have been carrled out aung 
a glass *electrode along with the above equ~pment The glass 
electrode was made from Cornmg 015 glass In the shape of ,i long 
tapered cone about 15 cm long, wlth tllm walls A low rrewhlc e 
electrode of the iype described by Johnson (Chemistry and Industry, 
1939, 58, ,573) was tr~ed,  but it was found vel y diffic~zlt to cement 311 

the capillailes together wrth paraffin and fill them with n reference 
with 
was 

solut~on 0 I N HC1 was used as a reference soiutlon dong 
silver-silver chlorde electrode The electrode system used 
Hg I HgCI, KC1 (Satd) 11 solutio~~ pH 1 glass 1 0 1 N I-ICl, AgCI I Ag 

Accoicling to Mx-Innes and DoIe (J Anler CImn Soc,  
52, 29)) ~f the surface of the glass is ~evernible to the H-ion 

1030, 
con- 

centratlon, the electromotive force of. the above comb~nation IS 
equal to the sum of the two cells, 

(1) Hg I HgCl, KC1 (Satd) 11 Solution pH ( H, and 
(2) H, 1 HCl (0 1 N), AgCl - Ag 

The potentrnl of the filst cell at 85°C IS E= u 2454 -f- 0 (15915 
pH and of the s e c ~ n d -  0 3524 (Harned and co-workers, J Amcr 
Cl~enl Soc , 1930, 52, 5079)) thereiore the electron~otive force of the 
comblnatlon 1s E = -0 1066 + 0 05915 pH at 25°C 

The cell used for the measurement of: pH was o'r U-typc 
described by Jollnson (loc a t )  and the huffei solutions used wcrc 
Clerk and Lub's standard bufie~ mixture\ They mere checked 
ather  against hydrogen or qumhydrone electrodes X few measnre- 
rnents at 25°C are given ~n the following table, 



- _C___-- 

1 I-Iydrogen Quinhydl one 
Solut ton Electrode Electlode 

PE-I 
_ ___ _ _ - - - _  - - -  - -- 

I I 

----- - ---- 
Glass 

Elcctroclc 
E M F  p 13 

- -- -- -- . 
0 051(i 2 67 

1276 8 96 

,3449 5 94 

3199 7 21 

41 25 (4 78 

4,505 9 42 

The ~esults  fox the measul enlents of dlssoclal~on constants of 
olgamc acids wdl be publ~shed In fututc 

SUMMARY 
A two stage valve anlplifier has been const~uctecl for use 1~1th a 

glass electrode and collsists of two electrometei tr~odes 111 push pull in 
the f i ~ s t  stage and two O s ~ a m  P, valves also In push p ~ d l  In the second 
stage The plate cu~rents of valves was ndlusted to glve lninilnulli 
clrlft m the galvanonzeter, wh~ch was 0 2 miclo-amps hour The 
sellslt~vlty of the ~nst~unzent was 0 8 inxcroamps per millivolt and no 
screenmg was found necessary W ~ t h  adequate screenmg and high 
anode voltages, the sensitlvlty could be lncleased to 100 lnlcroamps 
per il~~llivolt T h ~ s  was, howevel, not found necessary for p~ esent 
mvestzgattons W ~ t l i  Tmhley's Veln~ei type potentlometer and a 
sensitive umplvot galvatlometel, the potentials coulcl be read to 0 1 
oC a millivolt 

The equipnlent has been used for the measulernent of pH and 
cllssociation constants 01 acids 
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