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Maatrigel Condustivityi-

wlker (Zelt.

He H,

.
3

b, &norz. Chen,

F. Hghlraunen (Self. ghyuil
Iiv.

7.

Vi, Distilletion of lolubicns:-

Hilcker (4. vr. Chem. 1906 (11}, 74,

ore Chem, 1506, (11), 74,



3
.

E

S

£

e

&
um%m
1 B4




methods examined were b

snd of ethyl dinzoscetats, [k ﬁ%%%ﬁﬁi%l
mot tod,  Otheyr muthods invelving the solubility of the
emohotaric base in seld soluibtions of differeant conoen
trations end the pavbition of the bass betwesn 4w
immiseible solvents, lesd to the swme valus. Un ths

gther hand, the wore indivsst methods depending on slegs

tricesl eondustivity and freening polnt wess

%o Qifferent veluse for the daprec

Haumann sng i (£} 5 @u@mﬁ 1006 (13, 74,

209=217), give a vés ¢ the meiheds vhich have bLasn

deseribed by wvaricus subhors for the 22U metion 0f the

i

dagyes of hydrolysis of selos ip sgusous solulion.

It mey thereiore po rensonsb wmed thet the

mare divaet the mebhod of @%ﬁ;f@iﬁﬁtiﬁﬁ 9f hydrolysin, the

more relinble sre the resplisg. Ynis in whﬁ% wonld naturs

8lly bs exzoeghad.

thaais 1o the embodilmnt o7 en satismpt to
detemmine, by cve of the move divsct wesns, the hydrolyaie
of eertuln selis.

Ho G. Depnam {J. Cham, Soe. 1908, 93, 41-63%), showed

‘212

that the hydrogen elscirede could be ured oucesss

to deteranine elevtromelyvienlly the hydrolys of aaltu,

even in eases whers the hydrapen ion congentrabion was



very low {(G.% x 10 ). %he resulio obbainaed show good

agresment with the resuwlie obisined by otheyr nmebiods.

S

In the vsse of some salls; howsver, 1t wea found thet for

]

mome resson oy enother the meithod was unsulisble.
Comperning the estimetion of the degres of hydroliyels
of sino sulphate, he seys (loc. cit. psge 62), "the time

thie salt wes, se ususl, earried out with

n agrinst chence impurities, but, although

yerious solutions wers

ured dsily for four vs

no eign &

seured of an equilibrium having been redched,

»

the hydrogen lun euncentration - ing irregulerly from
These rem 1ts he alsc obteined lster (Zsit., Anorg.

Chem. 57, 376, 1508).

rd to seoount

Various suggestions heve been put fon

for sigh snomalous bshaviour,
Bs8et= 1o Colloidel Tormetlon (Denbsm, J. Chem. oc., 03,
43, 1608).
2. HReduetlion of the nine to & mongvalent etete s
has been shown to teke place wilh lend anlts
(He G Donhem J. chem. “oe. 93, 424, 1608).
%s Theory of formstion of lom hydretes, as éﬁ%ﬁlﬁ?ﬁ%

by Jonmes (Amer. Chem. Journ. 1805, 34, 291},

¢

o

hbern (Journ. Aser. Chem. Sog. 1900

i

-

) 3223

z



1015, 37, 604}, »nd vashburn and Bruyvn (lse.
Ol ois Yl L

Trav. Chem. 1603, 22, 450). Ion hydrstes sre
ions i% whigh %1@@1%%31@% of waber heve slhtachad

themselves o the ions, thusi-

A. Formetion of complex ! ions, Hoemmell (fAnn.

655-679) -

The pesuliar behaviour way be due to the influsnce

}”%ﬁgé& & ‘(,j},i(ﬁﬁl % 3%§g§ ii

of sny one of these or to the comblned influences of eny

be due to ene of the

Lun or wnoye of thewm. Als S0 it mey

many posaible peuses not pugeested here.

With & view to escertrining LT pos-ible, whather
this encwslous behaviour, »asrticularly of zine sulphste

eolutions, was due %o the slsptiolyte or Lo the slegtrede

’w.L“

usad, it was tlovght edvisable o test the sine sulphate

sointicns v th an slegtrode which hes been desgribed in

rogant yenrs viz. the GQuip-liydrone lestrode,
Biilmann (fna. Chiw. 1921, (J1X ) 15, 10G-157). If ®is

elestyrods grve resulits simllar to the results glven by the

hydrosen elostrode, then the experinme

ingonelusive or indieste that the anomelous |

due tu the sine sulphete solubions., UOn the other hend, if

the solutions exhiblied normel beheviour in the Guln-Hyd

electrode, it would be styomg evidence to show thet the



abnormalities wers due to the hydropen elsabrode.

The hyd w alagbrode is ales wonsuiteble foyr the

netion of hydrolysis of those axlbs which would hs

in eny wey reduced by the hydrogen of the elegirode.

aible thet the GQuin-Hydrone ilegtrode,

0

%it%qita very smell solution pressure of hg@?ﬂfﬁﬁ of
;ﬁ@ME&Eé@f an abtaoophere would be of servias,

From these considerations, coupled with the faect
that the degree of hydrolysis of eopper culphete has besn
gorrectly delermined by the use of %%@‘@Eiﬁmﬁgﬁ?ﬁﬁ%
@1%@%?@@@ (d. Bs O%ulliven Trens, ?%?%ﬁ@y Soge X1,

1625-00, 319-7% 253 this theais developed.

7

& resvme of investigeilons thet heove invelved the

Quin-Hydrone llesirode, W&ﬁl& not be sut of pleece hervs,
The seoursey, reproduetsbility, convenience, rellebility,
snd geansral trustworthinese of this elegirode evre asmply
lowing investipsiérs:-

1921 (1%), 1 m@f:;a*zg'i,
g, iﬁ%’% 676-550) .

208-211) .

I. M. Epithoff, (4. ¥ 1975, 144, 259-271
Reg. trav. thmg émg l&@wiﬂmg A523%, ’

Le Mer end Parsons (J. Biol. Chem. S b13-631, 1925
Prog. Soe. Axptl. Biol. Ked. 20 9§§m
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Thins elegls

rofie hins o wide venge of uses. The Te-
seasrchas of the following indlicsbe some of its z%@%@
besides glving further evidence t¢ show the securagy
snd trustworthinesz of The method.

slson (Journ, Amer. Chem. Soe., 1921,

Gronpay snf
. Zﬁ@lﬁ 7

Biilmenn end ilund, (fnn. Chim, 16
SHrensen end others (imm. Chim, 16, 282-%20).

k. cehveiner, (% snovg. Chem, 19

51, {Journ. Chem,
(1623} 3.

Le Jo Hepris, (Journ. Chem. Gos. 123, %294, (1923)

1. 8, Eoltheff }Heg., trav. €nim., 1025, 42

@

wfi‘ &f@? %Ré« re ’424%@5% ﬁ@fa gigiw m%iﬁwg éijjc f@g %;;Z

617621,

Soheefer end fohmidt, (Bioel
63-701.

£, Mislowitzer, (Blochem. Z.,
and T7-571.

Briouwx snd J. Plen (Compt.
141-14%0.

Gullen end Biilmenn (4. Biol,
727-T38)

Hikxles =nd Hoez, (3. egnew, Chew. 1925,

A0T~408) .




Jo Be 0%ulliw

v, é“?%ﬂz
(1025-6}, 319

w;“#Q%; -

%?iﬁ%? §%?&ﬁ%g Faredey “oe., 21, (1 1925-26
TO5=7171

Cray snd Westrip, (Trens, Fer,

%».

P
P

Bitlmenn (Tray
Bull.

[

Ge Uniine 2

in these m@%mfﬂ@% the Quin-Hydrone elecivcde
hes been unel, emong other things, for determinstion
of the hydrogen isn soneenivation, or PM velue, of

5

solutions of salte, soils, blood, serum, alkaloids,

milk sng milk sroduets, gastris o oo

Phe following is e brief sscount of the auim-

Hydrone lecbrsde (Vinar ¥iilmsnn; J. fog. Leather

Tredes' Chemists, 5, 27-31, 1521) ).

ks
b
-B‘v/k'w

Platimum foil in en scid

5

solution of Wwuin-Hydrone, which is largsly dlsscolisted
in equecus sclution inte quincae (Cc. H402), snd hydro-

s

nuinor ' an zlestrode ig formed which may
quinone [C(, 4,0 H, )) i




be coubined with sp ordinery hydropen elestrode %o
Torm en glopent:-
PE | Co HiOy G HL G H, + 01 N HA

In the vesstlions of this elesment 2 hy

01N HO | H,

cen lons dise

gppeer in the tuln-Hydrone eleobrods, snd one modesuls
of oulnone ia hydropesnsted to hydroauinone. The
hydroger ion coneentration 0 ths slestrode is pro-
portional to the suneentralion of hydroguinone and in-
'?@f@@lﬁ‘@?ﬁﬁﬁ?ﬁiﬁﬂég to the coneentration of quinous,

ut of ihe

i

nt iz indep

end the potentisl of the elens
sbaolute goneentratione, The potentisl of such ap
slement with en equal Egé?@%&@ ion sonesntration at
both electrodes iz st 25° 0, 0.6990 volts, and the

ure ¢f the uis-Hydrone elsctvolds i eb

The diveet alme of the work snve thavelore the

foliowingi=

I. To dsteruine, 1f possidble,

Guin-lydrone “lestrods, the degreg of
saltas-

%ﬁ&ﬁ'ﬁﬁl?&%ﬁ%@‘zhjkk,
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&

gadmiuve Tulohste, Caézhd
Lesd Chloride, FbCY,
Lend Hitrete, FbLV0),,

Thelious

1. %o

noultsbls Tor sueh del

Sine tulphate,

i1, gete the anosslous behaviour

of zins sulphete solutions in the en eloctroda,

mpoalie, “ﬁﬁ&ﬁé%m” aellis of the Tollowing tir

%:;j
@.
@

were arraniedle

(g}

e
&

{ B i in ot
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Pype (a) employing the Guin-Brircne electrofs snd
type (b), the hydrogen elsehrode. The elestbonoiive

foree (7

g‘;@é% % 1
from the voluvse found, the hydrogen iovn concentrationg,

rnd henes the degrees of hydrolysis were esloulated.

Pimure 1, page 1%, bhe generel srrenpement

¥ the apreretus (s.f,,

Vol. IL, p. 106).

nloyed iz thet dus %o

snaat lon”

me thod.

The eirsle B rapressinte & %h@m& bat which is
meinteined % 2%53" e by v gee fleas, which lg goptroliled
by & toluene-weveury regulstoy, -hown a% He The
temoersture &1 not vazy wore then $0.1° ¢, end
usuelly 4id not Yary wors then ;?;gi?i?f G during & ssries

of messurements, H represents the hdropen or the

Guine-lydrone elecirode vhish constitutes the unknown
helf elemsnt of the sell: I resvessnts the "piddle?
vessel For the snoulling of liguld eontset sotentiel,

difference between the two half elements; ¢ is the &
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Gnlomel slectrode. Thus the whole of the composite
eall was kept in the thermostet. The temperature
ot the therwosctat wes shovn by the thersometer 7,

4 stiyrer, ¥, driven by a motor K, @ﬁﬁaf&a’@?@ﬁ

put the thersostat. For the

spaburs thron

sabon)

Fo & stendsrd Cedmiuvm (0

ltdmete standard of H.E
gell wes used, shown 8t 0. £ two-volb ecoumulstop,
4, wes connected 1o the twe enfs of e 100 em. bridge
%i?%g b, to glve & constant potentiel gredisst slong

the
it., Conteet is wmede with gb,by/sliding bridge conisct

d1 @ iz e Lesds and FHorthrup gelvenomeier with 8
moving esil, 2nd sensitive 40 G.05 millivelit. H iz 8
%@@@iﬁ% key, and D 18 s two wey sulteh Tor throwing
either the stenderd eell or the composite eell into

gireuit.

setrode: L decinovmal ealomel electrode of

Caiomel
AR S i 5 <

the itype shown in Plgure I3, p. 15, wso used through-

sut. This elegstyods was or @%%@ as deseribed in

sencer, "Fhyslasl uﬁ@miﬁtfg” Volumse II, p. 122,

fore of eslomel elspirode is lesss likely to glve

insccurete resulits then the ususl types, for it is






nearly impossible for the liquid in the eell te
beoome contemineted with obther licuids whish mey alffue

beek from the contect vessel. The connsobting tube

esn alao bs readily washed out by pouring potessium
ghiloride through the vesbleal tube 4. The screw

2 an sobusl

copk et B wes kepl closed sxespt duris
messurement, whils the stop cosk 8t ¢ was slweys Repd
clomed, but b@fé?@ g messurensnt was faken, 1t was
woll molstensd and i%%?i&%ﬁ@@Aﬁiﬁh the potessivm

ehlioride solutdon., D is the nozzle $0 niddle wessal,

The value ass

obtelnsd fron ons of the wore

books, vig. Clerk "Oeterminetion of Hydrogen Ions”,

1625, p.285. At 25° 0. the value of the tenth normal
ealomel messured egsinst the normel hydrogen elecivode

is 0.3376 velts. 7This vslus, referred to normal

hydrogen slectrode, wes the one generally used. If
the value of W, hydvozsn slectrodse ls teken ap +0,277
volés (Lewis, Physiesl Chemistry, Vel. 11, p. 185},

then febsoluts) value of srlomel would be 0.67

This electrede was used only &% the témersture 25° C.



It wes checked against other eslomel elseircdes in

the lsborstory, and the ¢ wes ssbisfactory.

This was &8 leeds snd Forihrup ! Brd

gedmium Tell, and the values esslgned 1t were taken

gnin from the same suthority, Olevk, (ibid p. 223 .

"hz v result o6F co-gnaretive measurenentn

ionsl lsaborstovies of

1 the Unites “tates, th

voite &t 20° 0. wes essigned
Gell. Velues for gﬁ@%? temporatures sys taken from

the srme gﬁbli@%ﬁi%ﬁ {loa, eit. p. 225

lators %‘t%ﬁfﬁﬁf of an &ﬁa . Before vealings

were baken, the spoumulstor wes

it to attein & f@i?ﬁg sonstent sobent

"liddle” Veamel, Acsording to the @s@aﬁfgiw%@ psed
the @iéﬁ;@ ?éﬁﬂ%l wag filled, githar %i%h saturabed

potessium chleride soiuilon or with sstursted emmonium

nityrets ﬁgin%igmg in esch asse 4o ui liguid sonteet

potentisl; the first on the @ﬁ%ﬁafi%§ of pensey

)

(Physical Chemistry Vol. II, Chep. Vi}, O'inllive
{(Trans. Parsdsy Soe., 21, 1925-26, 319) and Pring (Irens
Pereday Soe., 19, 1924, 712), the second on the

suthority of ibepz and Cumaing (Zeitschr. Hlestrochen,




1907, 1%, 17). To umlnimise leaksge of potential from
the widdile vessel to the thermsetel, the vensel wap

nsared =t the tep, inelde and cutsids, with vassline.

sebrode: Pigure 1II &, p. 1§ shows the

typa of hydrogen eleetrode used, and known

Inther-Brisles Lype. It can be @reparsd ss deseribed

g

by Spenesr (Physleal Chemistry, Yol. 11, pe 140 ot seq.)
The disgrem shows the actusl slss. Tube A wes $@?
incoming hydrogen, tubs B eondusted the hydrogen 8wiy,
tube € was fﬁ?*@%ﬁﬁ@g%iaﬁ,%i@h_%%% middie vesssl. UThe

stopspek D eas fent closed, bt Guring readings wes

woll lubriested with the %3@@%@@1§%@; ﬁ/ﬁlﬁﬁiﬁ@%’%ifﬁg
%, evated wilth pletinum blsck, sarved for the eleclizrode,

Zxternsl sonnection was @%%@ by wmesens of & supper wige

digping into & mereury ocup m% . The hytrogen geud

uzed wos obisined from the sotion of pure sine 41 pure
dilutes sulphurie asid. [t wes purified by bubbling
nobottles (vefilled

;'1iw%1§¢ slkeline potassium

shlorlids, slliver
nitrets end then throush & zolution of the slectrolyte

being exsmined. This last wesh bottle wes plsced in
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in the thermosiet o prevent sobling ebte. of
solution In the eslectrods, & verleble effect depeniing
on the rete of gas. Vhen the gor vwae led swy irm

the slestrode it wse bubbtled through e waler trap teo

prevent @iffﬁ%i@ﬁ,ﬁﬁ'@if into the elsstrode vesuel

The pletinem wive wos costed with pletinus %iﬁ@%
sccording to the method of Spencer (ibid p. 55). Before
ubhie

resdings werve taken the ges wes sllowsd Lo
through for sbout fifteen miﬁ@%%g to ens ?% ateble
pﬂﬁwmtiﬁ where pos seible, In thet tims also the

%ﬂ@;@f ture of the %%%ym&u%%%j

elestrode had taken on the

Por this él@@%fﬁﬁ%“ﬁh@jﬁ@;»

of vessel usuelly gmployed for m%ﬁ@ﬁ?l&j

gj’@ zﬁzz %g %3%%

potential differsnces wag ustds In £

general appervance end sebusl size of the vescel and

elastrole ave zho¥i,

The slugbrode was

slatinun El%ﬁﬁe Rasforence

%

to the litersture shows that the eeltusl size spnesrs Lo
bs fwmeterisl, end warious dlsss bhave besn used.

Biilmen (Bull. Jcc. Chim, 41, 1927, 8135-286) used &

piese of platinum 7 wlliven (Zrens. Fer.

ifv%; 21‘9 1%2%”2@@ %1%3}



(Prens. Por. Soce 1§, 1924, 712} used & plece

ses of sonvenlsnee,

"ehout 4 em x 2 em®. Vor the purpe

end of having e stendsrd size @h@ electrodes uaned ip
this %ﬁ?& BeTs mf %izﬁ, ong eguere om. This asleetrude
(% in the fi%ﬁf&} wes %@%é@&:%g & piese of @iﬁﬁéﬁ@%
%if@?_%ﬁi@% %éf@'%%ﬁ ”ﬁ wed inbo e yi@@% of aﬁ&@g rod,.

v stopper, B, held the g&@@ﬁ r@é (oot ﬁfizwy

,aém f{’?ﬁ%} iiﬁ: 5

iog, eltel. Zlegtrieanl connsstion veas sede %g HEans

« To aet the elestrods fovr

of & mervouyry conbaoh

mersurement sbout 15 c.e. of the solution to be
ezsmined wae ibtrodused inte the pulentliel vessel,

5. 0f s01ié cuin-Hydrone was adted

and about Ds0g ¢

from & z000p; the electrode wes blsoed i%'%ﬁ%”?@%&%i@
end the whols was shaken for half & miﬁ%ﬁﬁg {g.2%

Gfoulliven log. elf.]. %h& &@m@%ﬂ%fﬁ%&@ﬁ of Guin-

.ggéyﬁ&@ ﬁﬁ%ﬁ‘i% abouk %%@ aeme 88 %ﬁ%ﬁ M%ﬁ@xﬁ%ﬁ1:?'

in the litersturs, Billwsma (J.4.0.5., 1921, 15, 2,
2074), snd Baver (Soil, Jel. zgg%%'§$g_1§?az?§3;
fleetricsl conmection wss made with theé middle vedvel
ppi the pobe sntinl vens 1 was loweved into the ther-
mosted, end left %ﬁ @%%&iﬁ the %@%@@%@%ﬁ?ﬁ of the veih.
“tuble potentials wers ubuslly @wﬁﬁbiz%h@ﬁ in %%@ i3 o

three wminvtes. It var mosunsd thet @izf&%i@m &i@



not taks plaes from the siddle vessel, but even if

such was the esse it must nee easapily heve been sliint
for gonstent potentisls were obtuined for seversl
hoursz with esch elegtrolyie. Ap & @hsek on the work
two eomplete Quin-Hydrons eleetrodes, designated 4

wers Pitted up, snd all messurements teken in

duplicnte. The %%@@@%%ﬁ% in nractleslly every cose
wae agfisla %@?f?$ end im soms epser the two veluss
wers Ldentlc %i

vﬁ?§§aw eznerimenlers heve shown that the

Guin-Hydrons alestrode nd deseribed rbove has ?i%i%w

ations. Biillmenn (Bull. Soe. Chim. 4, 1927, 21328

Eia 3. Herrls f;g s Unem. oo ¥ i Gy 5?’“@3 s Bod

o
3

@tL@wﬂ have %iﬁ%ﬁ»tﬁﬁf if asn ﬁﬁﬁ %& ué%ﬁ for solutlioy

%@@%w% %*ﬁ

-

glagtroliyte ls grester then 0.1 B to G.5 He

yalues of ell solvtions uvesd wers on the seld side of

PH o= B, end the concentretions of sll solutions



W
&

3

wore not greanter

The ind Liowling segtiong
game to he ﬁﬁg in the form of Abetracts, (British
Chemiael ﬁ%%@?ﬁ%@%; 4} too late to be of vwse lp this

work, %ﬁ@ oy %h@ poezibllity mentloned

to bs evoided.
(8) ERolthoff end Bosch, (Biochim. ey 1927,
AR =1 éjg} "

oxidetion of guinol with ferrie spronive elun

end

wenhing, ls ”@gf%ﬁg sald @ﬁéﬁ%ﬁ?ﬁﬂ nrodupts ayive

b

ration then glvise, with zolutions @ﬁ@r in

%@f#@?; = much L00 Go aid resotion “ueh gf%?& rutions
giv% good reaultas LT as 1 1y waehed, ‘uin-livdrone

pre

sred by Valeur's wﬁ hods giyag ?%&&i@? reproiue~
%&‘i@l&% ?@gﬁz«z‘ghﬁ

Diveetly ¢pnosed to

segtions- (b} 7. Billwann

1927, IV, 41, 151-160),
the eze of the Quin-Iydrone heve pbd eassntlael inilu-

snee on the electrode potentinl. “light lwourities

in the Guinellyéronez have only & very smell ind 1&%&@%



n the T.H.P. govodupible velues oy

of the esll somposed of Guin-i

Tlectrodes are

0u01h B eand sbove,

bieined when the ‘uip-ligdrone is

Thae evidenes lg thus conflieting., Ipn this work

of tpin-lydrone ussd wes providsd by bhs

British %ﬁ}g ﬁ@ﬁ@@; Byt o Indiention was 3@?%3@ gy to
mode of
ita/preparation. 4 briaf e

He 2how
thet the ehsnge in 5 shing the Guin-
Hydrone, wag within . Anctuar

cheek on the sample uned

by the min-Hydrone

sleatrode, where both were uszed, -

agresment,

Efheyr & wmenasuyspent tha ?@

wars thorouginly washed with ﬁgﬁﬁi”lﬁé weter. The polen-

tial veseel wes dried by warming sarelully end drying

with en 2ir pump. The elsstrofe was dried with filter

puper, 82 recommended by Oray and trip. (Trens,..
Faraday fos., 21, 1925-20, 326). Before using sgein,
the vensels snd elesirodes were rinsed twice with the

pew oolubion.



The experimental potentisl wassel was filled
e deseribed sbove. In the %%%Gf%@@ﬁmeﬁﬁ
elactrode the veszel wae £illed %411 the solution
auine %%;x% %%gw%hiyﬁ% the way up the slatinue black
seablon of the wirve elsctrode. Comeolion wae wade

with and the electrode was lowered

intg tha %%J~xz¢~rv snd et o obieln the tempersture

g

of the beth, The gaic sleolrode, * &i@ﬁr@%g Bigoy

in ths itheruos @}%3 was plaead in the cireuis by

irkyotueing the nousle o (3

vespel, csrs belng tekan thet po Bubblas

ptructed the

vight eopnsations.

when the ssoumplator hsd Besn in glrevii for

15 minutes, and time bhad hecn sllowed Tovr the elechmder

to otalin the temperature ol the thermostal, and 4o
ptiein constant sobentisls, wheve pusgible, the
standerd osll was oub in eivoull end its tsmpereture

noted by 2 nesrby therwsmeter. The slidlog sontact



1 the bridge wive was then moved until the

&

ometer showed no deflection. This position of the

then taken

eliding sontaot wee nobed. A resding was

with the ecomposite sell, ‘uin-fvdrone (4) + (slomel,

{B) ¢ Calowmsl, Ploally, snotherwm

vies of vasdinge. In preationlly every csee 1%t wos

found thet the nsoumuletor hed remeinsd esnstant.

Beedings with the hydrogen slectrods were oonfueted in

& oinilay menner, Ae the value of esch resding wes

sxperimental electrodsas were removed, waghed, dried,

sad refilled with the next solution es desoribed sbove,

end roplaced in the thermostst.

¥els 1I, 7,106,

- aompbsite eell, snd



- 27 -

the shtendsrd eell eye pruportionsl to the corresponiing
readings of the bridge contect st the polints of no
deflestion. Assuming the above velues Ffer the

standard eell the 507, of apny unknown eall iz

readily esleouleted. From this velue, the calenlation
6f the hydrogen ion soncentration, snd henee the
degree of hydrolysis, csn be considered under two

:ﬁ'.%i?z ﬁ"’&%@

It iz egzumeld Thet licuid conbest potentlel waa

of the ¢ell wes

eppulied, and hence, thst the
tha slgebrais sum of the pobtentiel differences of the

reld elemente. Az the potentiel dlfier-

snge (P.D.) of the gelomel half slsment was known,

that of the unknown helif annt wee epslly calouleted.

In this work the eells employing hydrogen slestrodes

2

Eg;ﬁ%falv%% g% iﬁ y%a
{

¥y Bvery coas

am‘uﬁ
“
R
o
o
deae
o
&
o
Bt
Lt

The gelomsl electrode
pesitive, the ecurrent pagsivg inslde the ecell from
right to left, The f@ﬁ%ﬁl& uged wae the ons comuonly

glven, e.g. Lewls, "oy @t@m ki “hg%i&%i @ﬁ@mﬁgtyy”g



Vel. 11, P, 188,

®owm o

]

b

iV
ni

RT

i

"

i

. mencured single electrode potentisl of hydrogen

alectrods,

ﬁ%t%ﬂti@lf@f hydrogen elsetrods immersed in e
%ﬁ£ﬁilum§ ﬁﬁf@ml with reanect %o the hj%rQWﬁﬁ
jong, uvnder one stmosnhers parblal pressuve of
nydrogen. Its velue is 4 0,277 velis (Lewis,
lees eit. 7189), ‘

g%%,aéng@@m% = 8.3120446 vnits.

Paradsy = 06ACH soulomba,

welency of hydrogen iop = 1.

tempereture on abe aiutﬁ ﬁﬁﬁlﬁ = ggﬁhbs‘&ﬁ 25" Qo

reguired hydrogsen i@ﬁ soncentration, in grewm

ions of hgﬁr&%%ﬂLi@ﬂ Q%? Ziﬁr@@ (nizo [}4J7}¢

Be ©

0.0591% at 235 6. (wi%& serrection from be
to base 10}, from Jlerk, {%ﬁ@ Daterpination of

Hydrogan Ione, ?M&5ZL

Pherefore, euuntiovn reduces toi-

My =

0,277 + 0.05811 log, %"



Therefore squetlon reduses Lo~

7= 0.277 + 0,05911 logyo

nlas folloving sve glven Yo show the

A

actunt method of working results:-

Fo of sbanderd = 1,0184 Volis

Rendlng with Standerrd 5%.20

drogon + Ocle 35,20

F. of Hydrvogen + Cal. = 0.07%5 volts.

; red TLM.P. = 0.0735 Volts
% telcmel at 25 0= 0,0 éé i
'aa»aa Velue of ﬁ'H = “%@ig;%%% "

= 40,277 + 0.65911 log. G

&

i
-
B ‘
W
M
b
o



‘fg zﬁ‘/@é’; th 485

&

Bul.Pe of Ctanderd = 1.0184 Volts
Reading with Standsrd = 52.0%

Rending with Hydrogen + Gale. = 3%.4%

= 0.6539 volts

0.6539 o

3

#

"

it
ot
o
£
+

i
o
&

S
WS
o

5
8
5
el
8
Eo
%
S
oy
g 3
i
=

The wnlue of TQ* 10 necetive from 8 consideral on of

the sipne of the single elsctrode potentinla.

one “legirods,

Here egein it 1o sgsumed that ligquid contact



votentiel wee sonulled. The eells used wers of the
LyDe: -
- f L
| % Kc
salid
H\ngl

1% wes found in every

slzment wag ponitive, the curvent pessing inside the

sell from laft 1o right.

?ﬁﬁi*i%@ f?@% mabal %g‘g;
ie pesizive from metal %o solution, thes re two oppose
seeh *%%f‘s and the required sim 3;,@ electrode votentisl
differencse of E%@ gkXQWEg%?wﬁ hai slement, is the

a1l

%ﬁ@ o2 gslomel b

pumerical sum of tolal

¢lement (the cslomsl heving the velus as msssured

unl hydrogen elegtrode, L.e. 0.3376 volts)

sgainst the no:

@*)ﬁiii?@ﬁg(ia% &iti)ﬁﬂﬁ @ﬁiﬁ?iﬁt@ﬁ the by

ion congentration of solutions by %ﬁi@ method, from the

folliowing considerations;-

&% 25°C the potentisl ﬁﬁ the %?ﬁm@ﬁ v

ggg, %"g + 74’5 K g,
- | fi olid fﬁhCQ

is 0.3376 volts, (Ojerk, ﬁ&%%%?”iﬁ@%i‘@ of Hidrogen




.3 L . o
At 25 0 the potentiel of elamenti-

2a' | &
B ,zg + quin

“Hydrone | P4, is 0.6900 Velts

{Biilmenn, lnn. Ohim., 1921, (IX), 15, 109-157).
;ﬁw?éfu?@g the @@b%ﬁ%iﬁ 2 of the elementi-

) ﬁF‘- %“gr%%@ég
SOI(‘d ngc/ i %@J 4

is 0.3614 volte. (Mot obbtainable in practice becsnse

. b

£ S ) i i
Bz + Guineliydrone E %,

e T R

of diffusion potentiel end salt error.)

%@%3 if t?% ﬁﬁ%@ﬁ%iﬁl @E the elements:-

: %» + mﬁiﬁwﬁ?ﬁfﬁﬂﬁg 7%,

iz g volts theni~-

0.3614 - & = 0.0595 1%33

i&v?faéssaa#:z

Further, if the initisl comcentysilon of the solutlon
i O @%ﬁi&%iéﬁﬁ% ner 11%?@; and the degree of hydre- |
lyeie s X then consentrstion of secid i@'ﬁﬁ equivalsuts

sy litre. lasunming comalets Giscoeistion of the eaid

{zulphurie seid) ths of the solution is log

| 10 &
:%ﬁg = lg}ﬁ;i{} ii%g ﬁﬁ-ﬁ*ﬁa%é?ﬁ*&%rz.z



fubstituting

the velive of 9i Qs @Qﬁ%ﬁiﬁﬁ I, in

Cisrk (ivid p.201) gives the following sqietlon for
geloulating the results~

E ”vﬁi%gi w 0,000 __% %? Ts j}lgﬁ

o

25 € is given 82

e

0.00018827,%., et 25°C 15 given as

iy is obasrved single elsctrode 2,0 of

Lein-i

o

drone elsglhrode refsrred

Lo noreel ﬁyé?@@%ﬁ

slegbrods a5 nero. The wvelue of pH,

4 henge the depres

of hydrolysis, aen be ssloulsted,

&

Both methods, of eourss, give ldenties) resulis,

%%@ exemplas are given of eotuel geleulstions using

zing sulphete solubions. 4 I.M Zine Culphete solution

on compliete hydrolysisz o 28 (equivalent normel)

“ulphurie Aeid.




16 nS0y, 6th dey.

T.HM.F. of Standard = 1.0184 volts
Reeding with stendard = 51,%0

Rending with Cal. + G.H. (ﬁ)
+ Ctandard (in eeries) = 51.85

o“e Hale 12« of f’j” + Q-Hydrone = 0.0109 v.

= pH.

T - Lt k
o%e Oyt = 1,176 x 10 gram lons of H per litre
Complete hydrolysis would give § eguivalent of
seid per litre, from 1 litre 16 2010,

o e
1,176 = 10 = 100

4

=
= 0,00004 %

o' s Pergsntage hydrelycis =




B
32 250y,  9th dey.

Yel.P. of Stenderd = 1,0185 volis.

ng with Stendsvds = 52,30

Rending with Gal, 4 GoH.
+ tendard (in series) = 63,28

o's Tiella®e 0f Cals, 4+ G.Hydrone
= 0,0181v,

o = 57509

o™ gg* = 1,618 x 1@”% ;

grem ions of H' per litre.

Gemplete hydrolysis would give 1/16 equivalent of

acid pey liitre, from 1 litre ?g B0, .
| "

.. Pergentege hydrolysis =

= 0.00259



- EXPERIMENTAL SECTION.

Praliminnry “xpsyimeni. G¥iullivan (loc. ¢it) points

out mm Biiimenn and others heve shown that the
Hall, Fn @f the @@115"’

Hy geid SaIne ﬁzaﬁﬁrﬁlyt@ %,
elagtrolyte Guip-Hydrone «

is constent, snd at 18 O hes the velue = 0.T044 volts.

”féﬁiﬁ‘?@ltﬁg

- flark gives the value &% 25 C as

‘S*;ulliﬁﬁﬂ ve%ifi@@ %&ip by ﬁ%iﬁg en vlectrolyte &
i
#

mixt&r@ of ﬁﬁ ﬁélﬁ% ‘uiphete and 500 sglghu?ia aeld.

“ith the oblect saﬁ“ testing the veliabllity of ell the

apoeratus that wes %o be used, sspeslelly gm i

Eyér@m electrode, the GQuin-Hydrone end $he Hydrogen

eleotrode, the foblowing cell was fitted up and

%@é@'ﬁf@ﬁ,;w

|55 Yon 10K
@@&%l quesntities

seme elsob. +
uin-fiydrone

H,

The sulphurie Geld used was of a;ﬁﬁu@éziwy 1t wes
diluted to approximate strength wish distilled water
and agourstely m%%mi sed by means of enhydrous
spdiuvm esrbonete (in tripliente), ma@ rding to the
method in i?izmtamgg snd Xey **i;z:ﬁaﬁ% itative Chemicel
Aﬁmlmmﬁ (?.56-57). Also of A.R. quality was the



sodium sulphate, (Fe,50,.10 H0); 16.1109 gua. were
cerefully weighed out, end the volum: was made up t9
e litrs of f;alu%im, in & enlibrated stondard flask,
As this solution wes used es e buffer no fuwther
%%ﬁﬁﬂ%?éi&&%iﬁﬁ other then the ebove weighing was
sarried oub. These sclutions %é?@ stored, for fubturse
chepking of the elsclrodes, in VWiaghecter bottles which
had been serefully waphed ani stesmed oub,

The epperatus wes fitted up end messurements
taken of the sbove eell, ms dsscribed previcusly.

Time

ﬁ%@ﬁ*ﬁg\wiﬁh& Reading with iﬁﬁﬁﬂﬁa of Unkn

| Hnkown

0 mine. | 25.060 ome 0o &Q%A voltse.

35,60
i 35.67

Hevs the value ig gesn L0 veyy & 1little, end
although in some gases the value is ldentlesl with that

obteined by O'sullivan and otheyrs, yet in others, e.g.



the A0 minute resding, 1% is low., In thet perticuler
eusy it wes observed thet the hydrogen bubbling hed
bemporarily Beesed, snd slthough thenretieslly, 47
saturation hea talken plees, the value should be constent,
yet soms disturbing influence hes ceused & Arop of 0.9
mi&ii%@l%ev The velue rosa apgaln on restoring the
"hgé§agen‘&%r%%mgy

5 fr@g;‘aam@i@ of aleslivlyte wao now prepared
from the sboek bDottles, Lwih elestrode vesssls were
refilled snd snother weasurement $aken of the osll,

The hydrogen slresm wes mulotained st e mors even rate.

Resulits.

Tiwe F.H.%, of Uninown

0 wins,
g@ o

within the experimental error, these three valuss

0.6907 volt.
0.6000 o

aye the =zame as %hose obbalped for the sams sell by
O'ullivan and others, This shows thet the ap@af&%ﬁ@,
snd in particular the electrodes end the Quin-Hydrone,

ere Tunstiening sorrectiy.



Yeing this spparatus, experinents were now
garried out with line “ulpbete, end other salit

aglutione,

The selt uped was British Drug House variety.

About 200 grams of the

erystals (ﬁﬁﬁ@é, ?ﬁﬁ@}, wore
disrolved in water to give rise to a seturated
solubion, This solution was filtered throush a
Blghner funnel, Absolute aleohol wes ﬁéﬁ@é to the

filtrate wren ebout 907 of the salt wes preecipitated;

this was filtered sgain through a Blghner fupnel,
e srystales were heated in a water beth to drive off
niaohol and meoisture., An snalysis for sulphete was
pext cerried cut to deternine ¥hich hydreate of zine ‘
weas present. For anelyeis, the method used wan %h&%
of Cumning end Key, “Quentitetive Chemicel Anslysis®,

P,156-156); +the enslyeis wes esrried out in duplicate.

5.
%hig ravealed thet the grystels wers of the approzinate

order Zm 504, 1.58,0, With this established, 2} litres




of & solution of approximete strength E% {siztesnth
moleguler novmel) , were made up, but the solution wes
madle up over sbtrength, Distilled weber was used for

making up the solution, A4 second enalysie for sulvhete

gimilar to the first, wes then carried out in duplicate,
gnd this dhowed that the sbrength of the solutlon wesi-
(ﬁ) @ﬂﬁ ; : .

he averege of these ms the correct strength,

the solution was diluted with dlstilled woater, from
0.062%

8 @ﬁlihwt@ﬁ burette, to the exent strergth
( %3 More them & litrs essh of solutlone of

“?“i‘;?%ﬁwﬁ’&ag ‘gjﬁg j :

and 190, were prepared, in eech

eege from the 3% soluticn. (Calibruted flasks were
used im the dilution %o these strengths. ALL these

aolubione were stored in stesmed oud Winchester botiled

fitted with siphons and earbon dicxzlds guard tubes.

The four strengths were meusursd each day for

zhout &8 fortnig

1%, wmeasuvemsnts belng teken wiith the
hydrogen eleatyods, (to show thnst it glves & varisble
veluel, snd with the two tuin-Hydrone elagtrodes, (%o

dissover if » copstent valuc oan be obtelned). With




each gongentration the sbove messurements were taken
eoncurrently. In the individouel measurements the

Guin-Bydrone electrodes repdlly geve eonshant velues,

but the hydrogen eleotrode took longer before en
approximsiely consgtent value waes resohed. IBefoye
toking resdings the elecirode veseels were laft in the
bath culfieisntly long %o agquirs %he tempersture of

the thermostet, and with the hydrogen electrode, time

was ellowed for seturstlion of the =clution with
In all eames, the timae thet elspsed between the

setting up of the elsatrudes and the teking of rendings

wge the asme spprozimately. A2 en exempls of the
‘ |
duily resdings the tabulated resulits for 15 zine

dge resding with

sulphete follow; U rapreser

the standerd eell im cirouit, H the seme for the cell

with the hydrogen electrods, =nd A and B for the twe
gells contelning the Culn-Hydrone elestrodes plus the

iz vecorded

stentard cell in servivn. In £irst eolumn

6lpg SLH.F. of Shandsrd aslls
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The %ﬁlua% for the 3@&@@ dilutlong vers vacordsd
%i%il%flya Prom thgéa'vaiuﬁg the Z.U.P. 0f ench cell was
found, end the hydroger ion coneemtration and the dsgree
of hydrolysiz {in ithe epase of Quin-livdrone eleptrodes),

wes eplouicted as sxplsingd orevivusly. Inp the esse of

the |

wydrogen sisctrode the hydrogen lon congentration only

wee worked ouk., The tsbulated resulis follow; in the



hydvopen slectrode results the mac@ﬁé@é LML P is '%;h@
totel T.M.P. of the eell, oslomel a/@.%ﬁs%&@ plus \\
hydrogen elecirode; with the %umaﬁgémm @mmmﬁa»
the value regordsd is the ﬂabﬂmﬂkfa“ PsDe 0f the @m@&@

/

@lfﬁﬁ‘t?"&@.@ ( ﬁb@w Po ha )@ /l

The zymbol [ﬁ ] r@g;m%%fg‘%wémmﬁ fon @@ﬁa&fﬁw

tret ion.

Resulls ueing Hrdropen Fleet rods.
Dey PaiFe (wia)

i
lat | 0.6735

2na | 0.6821
300 | 0.6819
5th ¢ 0.6831
Gth | 06774
7th | 0.6028
Bth | 0.6582
gth | 0.6798
10th | 0.6821
1stn | 0.63 552
13th | 0.6742

14%2 1§ no solution

0.6626 | %.150
0.6834 | l.4l2
0.6939 | 0,938
10.8539
0.6899 | 1.095
0.6539 | 4.460
0.6671 | 2.665
0. 5591 ; 3,643

0.6705 2¢3%5
0.6592"%  3.625




0.6685
@#55%?
0.56648

h | 0.6668

- 0.6040

6.6841

0.6857
| : @3663?
0.6705

0.6691

G, 6061

- 0.6518

@gé%§?%




PR aVER 6 myarsipei Dey  Abs. P.D. Averageg Per sent

. e

iR

1.18% i @;@@i@ ﬁaﬁﬁgg 1.418

6.0327 - 1.521
0.6321 i 2

i Do %@%y
- o-6207

éﬂé 1@ 156

| 0.5333




Results using Quin-Hydrone Fleetrode (Cont.)

Day Abs. P.D. Agérggeék Per eent, : Day Abs, P.D. <-¥erag96 Per cent
: Eﬁ/\x 10~ Hydrolysis 7

_(EVx 10 Hydrolysis
£ msos. | |
i

M, ’
§£ 23304,

j‘.{6295

1.338

@.@Qn

8th &

)

0.6326
0.6320

- 1.532

| 0.0025

0.6295
; @.5395

1.374

0.0011

T oth 4

i

10,6337
06337

1.618 |

0.0026

0.6319
1 0.6319

1.509

0.0012

10th &

kel

0.6334

10,6334

1.600

0.0026

96316
0.6319

1.500

016535

@,6333'

1.600

{ 0.0026

‘ ‘o 6323
- 0.6323

1.532

04@ G o 1‘5

0.6352

0.6352

1.716

Average

0.0011




ibs, P o Lle E

10

e~

Begaulte weing

/veTsg 2e 1 Par cent
it | Eyaroly

Slsebrode (goni.)

i Abs. Pabo
sis '

izerage
/B = 10

ladb

Ty

0,006

2,052

0,008

2,084

@‘«n Q&?

2,101

0008

1. 820

o=8-

2.436

0.008

Tth

TS

2.227

0.007

 3th A




?LS ~ P ”

‘Resul$s using gpxa:*y&rane~ﬁle@%r@ds {Continued).

s

‘ Avamgg
[mY x 10°

| Per gent.

Hydrolysis

ey

ﬁhs °: P*En

Averaga&

ﬁij”x 10

(Per cent
|Hydrelysis.

aﬁ} &‘1 i

Qﬁ Aﬁ?’

0,008

0.015

0. 6&47
0.6443

e &.65

0.008

2,052

0.013%

0.6446
0.6446

2. 475

- 0.008

2,371

0.014

| 0.0470

0.6466

2 6?5

0.009

2o ﬁ-?

Q. 6&332
0:6452

2:335

0.016
0.008

0.6534

0.6530 |

3.459

| /0.022)

Everag@

i

0,008

.

Average 5

g



Gonsideration Of Results,

In tigures 4, 5, b, and T, wﬁ;@2 §ﬁl1ﬁw,.%h%

values obbained by the hydrogen elegtrods, for the nyﬁrﬁw%:

ton eonesnirations, (ordinstes), h@@&a?@@n vlotted

sgeinet the time in duye (%%ﬁﬁiﬁﬁﬁ@)u Thus, it is

found thet, with the four m@ncvm%v@%iaﬁﬁ,@x@arimﬁﬁ%aé
with in the hydrogen nleetrods, the hya?@g@ﬁ ion awn@aa«'
tration varics irvregulurly frvom dey to dﬁﬁf As ?Qiﬁ%ﬁéia
out esrlier, Dephem (Jouwrn. Chem. 50, 1%@8@_23& 41~63;
end %eit. luerg. Chem. 1008, 87, g%@}; hed @féﬁiﬁﬁ%&ﬁ

oboeyved this snomolous behaviour, net only with Zine

te,

fulphets end hleride, Wit sluo with Megnesium fulphe

Thorium ‘vlphste, Cmesium Chlurvide, dobslt thﬁ?iﬁ%a

Piakel fulphete. soihle explanghtlons of this Were

sugE racted on phge 53 @%@»%%‘thg‘ﬁgﬁ‘@f tals work,

experimenta wers @%ﬁﬁﬁﬁﬁ@ﬁ in sn atismat to throw light
5%} %hg Jreblom. Sufficient é?i@@ﬁé@ has been brought
porwerd to shew that the hydrogen slectrode i@rﬁﬁﬁﬁiﬁﬁﬁlﬁ
%ﬁrfﬁh@ é@%@?miigﬁiwﬁ,@f tae degres of hydvelysis of
zine splphete iﬁ‘@qﬁ%@@& solut lon.

In figures 8,9, 10 and 11, which follow, the

velues ohbained by the (pin-Hydrone electrods Yor the



























hydropen lon goneentrations heve been plotbed apninst

the time in deys. On the saume

svaphs, f0¥ purpcses of

comparistn, sre plaeed the coPresponding values obbained

by the hydrogen elegtrode. 1% is sean frowm vefarence Lo

the gravhe

¥

oy to the values on the four previoud Qﬁgg@@

thet foy esch dilution dried with the (uin-Hydrons eleg-

tehde, arpprozimetely constent values are obbalned for the

hyarogen lon concentrations, end for the degree of

hydrelysic.

{a)

{bd.

This zoes to show the followlng:-
That the Guin-Hydrons él%ﬁ%?@ﬁ@ is %&%iﬁf@ﬁ%@?ﬁ
for the determination of the hydrogesn lon con-
sentration, {and depgree of hydrolysis), of
zolubicns of gine sulphate.

Thet the irregulisy waluesn obilnlined with the

&
2

sbrods sre due, not to phenomens

hydrogen =21
inberent in the stoek botile solution, sush sa

solloidel formation, but to influences brought

“sbout by the hydrogen elsotrode on The solubtions

plaged in 1i%.

Pre kigh values marked with #n esterisk are stirib-

utaed to the fust that the corks had Yo be removed, and the

selutions poursd oub, and basgie salbwe, ebe.,wih ieh had



gettled %o the bottom, may have been included.
The everage vnlues obieined for the degrees of

hydrolyeis ares-

8

S04, 0,001 at 25° ¢,

%

#

2. 0025 L

oS iE B

H = 0.0085 o
64

i il - . ,
A = 0.0145 @
328

These velues sre shown in the graph on poge 60
(Plgure 12). Velues obbid ned by other methods are inserted
for comnariaon.
1806: H. Long (Journ. fmew. Chem. Sna., 18, 1806, 693-717).
mensured the valus by susger inversion., At 20° ¢
the value fs:fsz*% Zine Sulshate was 0.0165 wﬁfﬁlﬁf%ﬁ%,
1897: H. ney, (vitsber, Aked, Berlin, 2194, 1097},
anloulnted the hydrolysis of & 1/16 molar solution
%o be 0.0%,

G. Corrars and 6. B. Vesplgneni, (Gezz. Ghim. Itel.,

20, ii, 35-63), messuped the velue by the saponi-
fiention of Acetste. They obisined the valus

0.007%, for & half molar solution.






Goncerning his éxperiment H, Long says (loe. eit
P. 703}, "The experiment wns closed when the suger wes
about helf foverted, and, ss the coefficient is not
rogular, 1% ie oot @agaiﬁiﬁ‘@@ estimate acourately the
maen rote for the whole periog.” Alzo the neutyal
paite heve probebly s estalytie affset on the rate of
inverasion of the suszay. (Lewls, "Physical chemistyry,
Yol. I, P.248).

Refarence to the Orephe, Pigurss 8, 9, 10 sng 11,
show thet in this experiment, in general, the yvelues
Poy hydropen ion concentrationn, a5 determined by the
tuin-HBydrone elscirode, are lntermediste bstwean the
eorious velues, (Pt the seame dilviicn), obitained by
the hydrogen electrode.

Pinelly en expevimend with Tﬁ% zine sulvhate

)
solubion in the Cuinelydrone electrude wes earried oul,

(in duplicete), end 4t wes Tound thet the Z.0.P. of the
sell, oslomel plug Guin-Hydrone, was constent over a

period of flve hours.



SATMIUL CULPHATE,

Pumfi@&%iwn n end “Yandnrdls

The smmple of salb used woas of 4 Be quelity.
For estimetion of purity the Cadmlum mzti the fulphete
wares determined ssparstely, snd the rati6 of one %o the

other comperad with the bheorvehical watio.

In ths setirmtion of (adnivs fthe 0l :,,m@%;mé
was upredr Ao esouretely vwelphned sapmple (iﬁ«éﬁ%@léﬁ.ﬁ%@)
wop moletaned with & Gros of dlliute sulphurie seld, and
ignitad esunticusly in an sirv bath, 20 thet flage was nod
in direst sonmtagh with bhe crusible.  Ths crueihls was
6ooied Lo 8 gesslentor and The sult welzghed an @&%i}é,
Thip method ig from Presdwall and Hull "inalyiid l

Chemintryy, Yol, 11, 2,181,

Por the estimation of “ulphate the m@ﬁméwm of

Gupsing end Yoy **ﬁmsw““%m ivs Chomlesnl m&lmigﬂ

?,156-158, the svlphate being presipiteted ae Berium

pulphate, and wolghsd s such., Thils wao ales corried
guh in duplilicaia.
Using Ipternstionsl Atomie weights (1025), the
thaorationl ratio of Oadmium %o Sulvhate
{8 1,169

mmpeviment pave (A4 1,173
(B 1.170



This sgreement wes teken ss sablisfestory, ond the
£eHa Cedmivm Suiphote provided wes used directly for
making uop sbanderd solutions, without Ffurthesr
purifiest ion,

Le sn undetermined amovnt of water of crystel-
1:1%‘%1@2@ war probably oreset in the originel ssmple #
the ratio of pure C4S0, %o eample wes teken aa thaet

um. - On this gmﬁmﬁ

e 1itre of selutlon, roparsntly 16

found ip the sstimetion of Cadmd

wan made up by
weighing, end dilvtion in & eslibrated standsrd flask,

& further snmelyesis was now garried ouvt, (im triplioets),
to 7ind the setusl strength, by preciplitation of
sulphete es Barium Sulphete, (ms before}. It wes found
that to give & solution 3.6 c.e. of weter hed to be
ndded to the remminder of the solution.

From this solubtion, 8s in the case oF sine sulphete

B !
solutions of atrengtha 32, 64,

up by careful dilution, using eelibrated flasks.
Z‘ﬂ‘l@ﬁi; ga Q@«j‘ng l%gg

Previous investigebors, (De

Yol. 93, m%ﬁ”é‘%é};ﬁ&ﬁ% shown tist when the hydrogen lon

gongentrations of Cadmiws Culphste solutions ere



mensuréd by mesns of the hydrogen electrods, &n

increesing vslue wes @%ﬁiﬂ@&g Thet result wes re-

pested in this work with 5 ib eplutivn, end elso with
.

758 solution to show thet the bsheviour was net a

pegulierity of one aglution.
Experiments were then msde over an sxtended

ydrone

poricd, using Gedmive Sulphete in the Guin-d
elactrode 1o see 17 8 constent velue could be obtained.

The hydrogen ion congspivetions of sach of the five

selutious were then meseured by meens of the Guin-lydron

electrods, and the degrazs of Wwidrelysie deternined.

Besultpt~ Gell: Cslomel elepirode gfﬁ?iﬁ@iﬁ’&ﬁ@@ tad, #
\ Reflale ulphete &

cebrods for severzl hours.

5

The B.0.Fe Lo the total: (nlomel plus Hydrogen electrole
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e

In the greph on the fellowing psge, the total
n plotted

Bi.Fe of the gomposite eell, has bee

in hours (Pigure 1%), for the twio
i ' ;
and 1208, Irregularities in the

sgainst the time
M
dilutions

surves are sttributed to th%‘irT@galﬁr hydrogen streesm

Thig varisble vulue foy the L.0.F. iz due to re-

duotion of the Cadmium Sulphate, by the hydrogen,

8% & solution pressure of 53& atmosphere,;, the re-

duetion procesding probebly secording to the

equations-
: 4 + %

04 +EBE — ¢4 +E,
which lesds to en sbnormal snd #&riabi@ value of the
hydrogen Lon,

The experiment thus clesrly indicstes thst the

hydrogen electrode is unsuiteble, for the determination
of the degree of hydrolysis of solutions of Cadmium

fulphate.






Tgperiments wers novw condveted with the Quin-
Hydrone elsetroda to find if & constent velue conld be
obteined for the hydrogen lon eoppentration. Bagh
dilution was messured ln duplisate.

In the following results the totel W.M.P. is the
total vslue of the @é@g‘:ﬁzmﬁrz gelily-

-

Calomsl g’iﬁéewmﬁeﬁ o Co Toe ! Guin-Hydrone+
Gﬁﬁ’%@é

— ~_“_____-___‘___>
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0.0124

‘@' ;. Fu

Blecteode.

/e

b L

G OTTO

0.0770

G e

0.0124
a.0124

0.0770|
0.0772"

e

©

’3& @??’&
0. 0770

8 e

216 ®

00773
L2 53'3; g |

[

& e

240 =

0.0771

0.0771 |

| 60

3

W g

0.9779
0.0770

2.0124

270

#®

W

: @QQW}«
: iﬁaﬁ??}&

0
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0.0771 |

1

o

@'“0 @??Q‘

| 0.0770

1544

 0.0771

0.0771

1.554
1.554

4

AVERAGE =




Thue & solution of 10 Cadmium “ulphate in the
@Qiﬁa%g{i;ﬁ% electrode glves & constant velus for the
hydrogen ion congentration for & period of st lesst

i

five hours., Yhe Quin-I

drpne eleebrode, therefore, is
sultable for the determination of the desres of h;gﬁ%?iw
gmi@ of Cadmliuvm “ulphete solutions. The g@m%&mg&* of @;m
nts with the

elsebrode haviug heen eobablished, mesasuvens

four remsining dilutione were teken for shor ter periods,

2iow nre the vem lts, shoving totel 7.0.7.

Tabulated b
of composnite onll, hydrossn lon coneendration and per

gentape hydrolyeis..
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Results: Gedmium Sulphste in Quin-Hydrone Tlectrode (Comt.]

5 5

Time Thellle W [E‘ﬁj x 1@5 % Hydrolysis T4 me

- E& y-Mt ;F'va«— §
{volte)

{volts)

0.0482 | 0.5028

0.0578 | 207 0.0234 ;
2 | o0.738 2 B | 0.0489 | 0.5166

0.0573 | 0.7167 0.0230

b

min,

on

1 = 0.0482 | 0,5028 -0l

0.0578 | 0.7307 0.02%34 110 ¢ 0
2 138 35 0.0489 | 0.5166 | 0.0

0.057% | 0.7167 £.0230

& e
O

0.0482 | 0.5028 T 0.064

0.0578 | 0.7%07 | o.0238 |20 » ;
5 : - 0.0439 | 0.5166 | ©0.06

0.0573 | 0.7167 0.0230

W b
b b

0.0482 | 0.5028 | 0.064

0.0578 | 0.7307 | 0.0254 (3% v 82 |
T t@AQ b Qe 51 “ Do ‘

0.0573 | 0.7167 | 0.02%0
L L

=3

0.0576 ,?3? 0.023% | 40 =
0.0573 | ©.TI6T | 0.02%0

e

0.0482 | B.gg |

| 0.0489 | 0.5166 |

e

|60 = & c.0482| 0.5028 | 0.064 T
0.0489 i 045166 | ©0.066

=

B e




%i%h @%@ﬁ.@ilatiﬁa teken, constent values were
obteined. If the hydrolysis lc e first stege hydye-
lysls, e.g. _
| 2 08 50, + ZHOH == Cdp (504(0H),) + HpS0,,
then the hydrolysis comstant, K, equals

%2 (Demhem J.0.0., 93, 1908, 42).

(vhere & in the fraction hydrelysed snd ¥ i the

number of litres contasining one grom mole) .

¥ 0.02%2 0.84 = 10
" 0.0436 1.5 x 10
. 0,065 1.6 x 1072

9

The constaney of the velue of K shows thit over
the renge inveatigeted the hydrolysis is essentielly
fivet stape.

Carrers end Vespignsni, (Gsszs. Chim. Ital. 30, ii,
35, 190

0}, found 0.017¢ for = fenth noresl sclution of






Cedumivm ‘ulphste.
O%culliven, (Yer. Sos. ¥4I, 1925-26, 310-325)

determined the hylrogen lon concentration of aeldified

eandmium sulphste solutions; »nd found sn ilneressing
velue (in the Quin-Hydrone elsstrode.)  Apperently he
4id not meke eny determinstions with neutral solutions

of the sald.

The lesd ehloride wes prepered os Tollows:- teout
60 grems of "Merck's pure” Leed Hitrats were dissolved im
boiling water to give rise to & satursted solution. To

this wee added a seburated colubtion eonbeining en equive-

elent quantisy of Ammonium Chloride (A.R. qualityl. Leed
Chloride wes orecipiteted end resdily settled. The pro-

gloitete wne washed ten timesn by decantetion, snd the

washinge wers tested till free of Jmmonie, Hitrate md
Chiorine. The erystels were filtered throggh s Blichner

funnel and dried by leaving in s veruum desszicator with



enleoium ehloride. It wos found thet when w selution
was medé with this semple e @i@ﬁiﬁ@%aiax%iﬁi%y was
produeed. Thia ﬁﬁg@&éiﬁy %%fﬁ&ﬁ@ﬁ%l? digeppeared

on warming snd cooling, but & difference of 0.1% in

the hy@f@ly@i@ was found between & solutbion oo trected
end the turbid solution. The turbidity wes ebtribubed
ﬁ%ﬁ the presense of oxyehlorides brought about by the
érying of the avystels., A fresh sample of lesd shloride

waz therzfore prepsrsed. The methed of preperatlon was

“ §@@ asma as before, but no attempt wes mads to dry the

oryatals., After weshing free of Anmonie, eto., the
eryeiels were further purified by reorystallisation.
“A-meturated solution was then prepaved, end from its

ime and the solubllity of the sslt the suoroxlmnte

To1
congentretlion wae found. This ﬁﬁl@ﬁi@ﬁ.?@m than
diivbed Lo give & solution of strength 5‘% aporoxinetely.

An sbalysis wes next earried out by & deternination

(in tripligstel, of the smwount of CGhloride as Ullver
Chioride, Cumming and fay "Guentitotive Chemicel Amelysls
P, 150-15%. PFrom this recult the smount of added
water required to give a f%ﬁ solution wes caleuleted,

and the solution wes mode Up.



;9

Soiutions of etrungths 100,

" ang T00

w@?@'%h@m made uo by enreful dilution, ss bafore, of the
first prepeved solution ﬁ}e | ,
Meseurements were now bteken of these soluntions
in the ‘uin-Hydrones elsstrods, in duplicrnte, and the
é@gmé of hydreiysis of sach solution esleuleted.
headings were toben wilth one aclutlion over an
extended vericd to determine the constensy of the

electrede with this enlt.

In the felloving remllis,
et composite galli-
¢ it o
Celomel | astureted fmmonium ﬂi%mw‘g . TR
i i &

—

ey



1@ 1§

b =

gu w
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0.,0810

0.0810

2

0.0810

0.0810

00810
0.0810

¥

0.0810
0.0610

Z




o T -
Furthey meastréenents with T00  4ilution showed

vinteined

that en approximetely constent 7.M.P. wes wme

for nine hours.

Here, again, with emch dilution memsured, constent
values weréd obteined. If this hydrolysis is & first

stege hydrolysls, 2.8

b Cl, ¢+ HOH T Pb CL{OH) + HOL,

then the hydrolytic constant  sgein equals

5 Hydrolysis . Hydvoly

0.172 0.60 x 1077

0,221 0 .50 x 2077
042683 0. 40 = 1077
0418 0.44 x 2077
0eT22 0,66 x 1077

& 0,52 2z 10

The constency of the velue of X shows that over the

vange Investipgnted, the hydrolysis iu essentially fired

stage.







- 8 -

Jo Fo Werd (Jowmn. Chem. Vos. 1910, 97, 678) found
the volus GQE% hydrolysis for & tenth normal soluilon of
lead chlovide of 25°CQ.

[ L’E?:f ( e it ¥ ﬁh:;f'w Chen, 1813(3 » '@y l%?}“gfj?) @%@;iﬂ@ﬂ
the value 0.6 ror e 100 soluiion at 99-7°C.

do We Hellop ﬁGﬁmﬂ?@h@ﬁﬁi?a Trestise on Inorgenie
)Ji}.

Chemistry" quoten for 120 Pl o 1= 05.5°0 -0.50%;

4

é

100°6 -= @«Wiéig

IEAD_ FITRATE,

Stendardisat lon.

The spemple of galt used was "lersk¥s Pure' Laad
Bitrnte. This was taken as @uffi@iﬁﬁﬂly‘yu?%g and ne
fuprther purificstion, wod no esnelyeis, wes earried vut.

Uning Internetionel Atomie Weights (102%) it was aalauiat@%

1

that 20.7010 grams of lead nitrats PbiNOz), were required
: %

per litre 40 give & 16 colutlon. Thet quantity wes there-

fore wolghel out secuvntely Yo the tenth of 8 milligran,
and the volume was oode up o 8 litre in a gallbrated

gtanderd fimsk, From thiz solutleon, solutione of strength
¥ :

B M
. 125, 250 were wede up by eereful dilubtion.

£




Using these as eleetrolyles in the Quin-liydrone elestrode,
meaeurenents were taken (in duplicete) med the degres of
hyfrolysis of esch solution csleuleted. Homsurements
were elso teken with one of the solutions, | %%3 gover

an extended veried, in ovder to teat the gonsteney of %m‘
elogbrode with lead nitrete selublong. In the following
results, the "Wotel LY regorded is the total

Hela¥F. of the sompoaile ealls.

*

“aturated XoLf| ¥ #bi¥og) o

| Q1 iﬁf;ﬁywﬁ@

E‘%gz lomel Flesotrode

Ny



0 Min.

s

o e

@& 3‘.@3 ﬁ"

0. 1@!5

W

g




G.0829
) 6%33

0.00829

9ﬂ3%§ |
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i;ul?z
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Mo P R , o
sz eoiuticn was loder messured for nine hours

enfdl practicelly sonstapnid ¥ war malntslned duribe
t

thet warisg.

Am in the nregvious ganss, constant © gm,F . Viers

aved. The ersyage valuen

mainbalned in easgh 4ilubtion wesp
sor Aepree of hydralyeie in esch solution, snd the bhydro-
lysis aon natert evs s follogsss

tvorage % Hydrolyels Byidrolyble constent
4

Pb (505), 0.060 0298 z 1077 i
a 0,054 G.221 % 107
" Galo2 0.16% = 10
w : G126 D14 = 10
 oays 0,321 % 10

Average = 0,189 z 10

67,

The walpen ere shown in tha grach on page

Pigura 16.

”f%; EE&

hydroiyels for e semi=

Be d. Long, {(Jovrn. Amer. Chem. [00ey LD

692-717) obteined the walue 0,095
noymal solution of lead nitrnte at 207 ¢

and Aston, (Journ. Cbem. loc., 1305, mﬁ,

1 solution

306) found 0,155 ag 807 ¢, for e seml-nornme






of the salt,
J. We Heller, (ibid Vol. VII, P.801) quotes
the follgwing:-

g

This selt had to be nrecsred Zrom the pure m%%&lk
The metel wan washed fwes of glyserine, (in which it
ned been stoyed), snd dilute sulphurie eeld (A.R.),
wee added. Glow evolution of hydropen seb in, bud
bageme brisksr with ﬁi&%a‘ “hen nyaeblienlly all the
Thallive wee disaslved the solution beeame brﬁwaigh,‘

of a

in ecjour; finslly & troes

dark deposlt re-
meined. 'This wes due 10 the formntion of %hﬁl@ié‘%ﬁla
gh&%% whish hydrelysed, giving Thellle Ozide, (derk
é%@@%ﬁ%?x %hieh gxids pave the sclution lbte brown

colours. Filtrstion of the solution wes enyrisd vut



end the filtyate wes svaporsted to aboul e quarter

. bulke

8

2

it

Pure sbosolute sloohol ves mgi in

the Thallous :mlgﬁwﬁ% wha progivitated;

%‘ka baing washed twioe by degsninblon with al 1aokol.

ignolved in twiling waler 1o

soletion et this cave ne aolf test to litnns.

T by evopors @i@ﬂ

Drying of tie

in the sir oven st 120° ¢

g bhe ua

Tor cne hour. Floeily, tha eyr hentad in the

aool, purtly

furnear Lo 500

4 govd vhite

fhe welent of sult required o give a 25
noluiion was ssloulabsd, snd ap smownt of asll wes
soourately weizhed oub to pive & solution =lighitly

i deherminetion of the exsel strergth

g detwrminat ion of

tha sulvnheatae ss veylum eulphate, ing end iayl, in



dupliccte., The esleulsted amunt of weber wase
added w the remsinder of the solution to glve sxact-
ly & g% solution of Thellous Zulphets. Hessurementp
wars $oken with six different concentrations of the

ealt (in duplieste). In the veaulta, the ViH.P.' i

the totnl i the pall.

“oeliomel elsotrode

Py

of the aslulbiong wern mensured

for helf an houy,

bt Swe wers weasurad Tor longer periods.



4 |0.0613 | 0.838 0,0
B [0.,0613 | 0.038 0e0
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1,127 | o0.0282
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In esgh eese pracbloally eonstant velues were
for 1%

ol weye wmeasursd

meinteined; two colutions whi

apfl 2 houes respectively stlll chowed constent 7.H.Po.

weing entureted smmoninm
| H |
nitrate in the middle vescel, aud 100 Thallous ‘ulphate

An ezpsriment was condupted

ar elscbrolyte. The exveriment wes done in duplisste,

TelisFy was found $o vary ine

and in both seses tha

very irvegulayr ponner. Leter the experiment was yepente

ed with ¢ sore dilube @@lutiﬁﬁg ¥, and aonstant values
were obbtuined, the “l.F. bsing the seme ss was found for
the ssme 4ilution uwelns saturated ?&%%%5&&&,&ﬁlﬁf&ﬁ%.i%
the piddla vosoe “heking the elastrode after 1% hed

been in commizeion For hald en hour hed thd effeset of

slightly inorensing the T.M.P. by about 0.8 %6 1.0 a2 2
millivolt, 4= the type of slsotrode vsed (Figure ILI,D)

hed pe svop-voek te wminiwise diffusion, 1% 1z possible

thet ciffunad pote orids was, by the sheking,

mized with the bulk cleetrolyte. Hanes no gresd

elmifiosnne ean be pleced on the lnovessed valua.

7 ,
sive woe' aigf-

- determiration of the belencs on tje bri
ioult with the dilute selutions 400 end |



The averags vhlues for the depgree of hydrolysic

of the different solutions st 25°0 are es follownie

0.0105%
0.02784
0.001%
0.07%%

0.171%

0. %3084

Pigurs 17, §;96; shows the greph obtained from thsas
- thet ~ ;
values. The only velus by olher methods/gould be found

was thet obtained by H. 6. Denham (Journ.

Gz, 41-63), using the

hydrogen elsctrode,
M

velue of 4,97 hydrolysie in 8 16 solution
“ulphete at 25° €.  The selt used in thet
Eshlboum'e crystels end mwey not heve bsen

purity. Alesu, 1% was zhovn subsequently

Chem. ‘0. 1908,
He found the
of Thollous
experiment wae
of @K@@Q@i@&ﬁl

(Denbem, 3.0,

Vol. 9%, p.655) thet reducklion tekes place on the surface

of the hyirogen eleoctrods,
: +

.gy @*‘
848 2% +H — T, + &
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The sbove results obtained by the Guim-Hydrone

electrede, »re ln sgeordsnes with the faet thet Thellous

compounds ere comperable with silver, end the slkali

snd slkeline carth metals which form strong basen and

therefore give sulphates which are very little hydrolysed.
Ceven and Lender, w%ﬁ%@@%@ii@ Inorgenic Chemimbry" (1924),
P.164m stete that "Thallous sulphste olosely recembles the

alkali sulphetes.®

flhe selt used wos Merak's v%yg gnalyeit. It was
taken e sufficiertly pure end & 55 solution was prepered
by welghing accurately the cenleulatsd smount of salt end
diluting to the required volume.

Measurements weve teken of the fellowing eell, in
dupligete:~

gsfursted spmonium
nitrate

—
As meual, a few minubes were allowed for the gell

Calomel
electrods

%é@ﬁ@g * %6%9 ‘ F‘@o‘%

atat.

to tekes on the tempereture of the therme



& bep
A B

Although atnstend

WsFe wes malinbained for two

vageniad thet

hours, yet en inspection of the solution

redustion to matallis sllver hed taken plaocs. An ezpevi-

mont showed thet ed 25° 0. the elestrode vessel beow

conted with & silvery dspeeit in five %o tor mimutes., The

bridgs reafdings indicsted sn epparent hydrolysis of 2500

fel i o gept. Tho BaYOEr . ¥ . wapeatal usls g dyer nt i?ﬁ’i‘ﬁ%

for & fon nagonds and the potentinl vesesl nls m’:’;ﬁzﬁ in io0

ante 7y P gé f%;ﬁ 28 wa . %

v iag

?’m@% iﬁﬂ@iﬁ?’ %&E gavy it E%fi}m e iﬁ%ﬁ%i%“ O%&zi

small eilvery cpsckn vwers

the wmdvesd sllver wes orosart in eollolidel fomm, nad bessy

ﬁ‘,@m

narent #g eosgulstion advenced. (This lattewr experis

be vinibles for 8 conciderable time

pizes, and y2t no chengs

The deogres of hydrolysiz of silver nitrels gon there Ji

fore not be deteormined by mesns of $he Guln-Hyivone

slestrode, the rsuchlon belng so rapld thet sven itz rate

eould not be found,



The csmple o¢f selt used wem of A.R. quality, end

war uvsed direet wlthout fuvrther purifiestion. It vas

enlouleted that 2:4275 gma, of potepsiunm chromate were
% .

raquired in 200 e.e. 0 give & b colution. Thé selubtion

£

was thsrefore made up and the T.M.F. of the followin

egell (in dupliente) wes meassureds-

4 Celomel furated KClo

sleagtirode

5
In the fellowing vresulits the tobtel .U.%. of the

R

above eell is wegorded with the the time. OJonstent |
viere not abbtained, but & slow messurable rate of reduction
t@ék place. ¥rom the values oblalined, curves %@r@‘aya%n,
(Pigure 18) showing the rate of reduction of potassiuvm

chromate im the Cuin-Hydrone elestrods st 25°C. The lowest
valve obbtained for the B.0lL.F. was in both ocases 0.127 voltg
This eorresvonds (o & h?é?@g@&{i@ﬁ a%ﬁ@amﬁg&ti&n of 1.008

x 1074 ena o dagree of hydrolysis of 0,175, “inge this

velus osn be obtained it indicetes that the degres of
hydrolysie of 10

then 0.17%.  He welues could be found in the litersture,

¥ X oy . ; B B 5 " » r
potassium chromste solution is not grestd
e § Ll

This experiment, therefors, glves the above maximum volue

THE LIBRARY
NERSITY OF CANTERBURY
CHHUSTCHURCH, M.
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For hydvolyeis, the ?@é&@tiﬁﬁ curves, end shows that this
eleatredsits unsuitable f6r sensuring the degree of

hyévolysis of potacsivm chromate solubiong:

USLNG POTASCIVM CHROMATS I

Oed27 "3‘@?1‘%!
Oeln8 nw-
0.137
0,151
0.161 =
0.177 ¢
Q,l%g #
G.224 %

U127 wolts §
0.132 v |
0,140 =
0.185 ¢
0,159
0,1p6 #
G.177 v
¢ By o
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& subssquent exveriment, and in passing & determination aﬁf

itz hytrogen lon concentreiion wag made, using ths Guin-

Hyironse elesstrode. The salt uved was of A.Rs quality,
ené was not further purified.

Kﬁmygg in Ouin-Hydrone Tlechrods.

i

) ﬁ@ﬁ%l » ME@E#

0 wins | 0. 1230
15w 0.12%0
50 % | 0,19%0

75 r 1 c.12%0

258 9. 559
150 G.1235 9550 | B

e # I 7yl £ gmige g
45 0.2238 9,559

A 9559
Hange, avevegs valus £6r hydrogen lon concantretion
-
of 32 votamsiuvm di-hydvegsn phosphate et 25°C, is

5

T grem lons of hydrogen ivn per 1Litve.

9.412 x18
. hyse Chems, 57, A71, 1906) obtained

W oed

the velue %.% 2 10 for the bydrogen lon eoneentretion of

& tenth noymal sgolutlon.



5 IN THS HO

q

Thie investlgrbion esn conveniently be dividsd ig%@

two sapgtionsg:-

A tyve of hydrogen electreds was fi%t%ﬁ up, in which
were twoe platinunm wlagk eiectrodes, differently ﬁiﬁ&&%@ﬁ

gaea stremm. This wus

go rogayds the inconing hydrogen

¥nown ma the 'double elochrode?. The oblect of %ﬁia

was to determine 1f the two electrodes in the
ne solubion would glws the seme or diffevent valuss for

the potenplel difference, and hence, the ssme or differant,

hydrogen Lon oon reurd the eoleebroden. 4

dingr gero in Plgure 19, op the next

foe

snd IL wers £411ed with the ssms

el IL wop aweph sut with hgﬁ;uy@ﬁ for

five winutes frow beleow, throvsh ths tubs A %ﬁtﬂ“ﬂ%iﬁg the

:fa al%@tr@ﬁ@

i A X

golutlon, (the tubs B wes closed meanwhils).
in II, sreviously out of bhe selution, way bh%ﬁ @%?@fullg

Clowsred into the

soabrolyte. dydrogen was n&% y%% @ﬁ

b

through vessel by wey of the inlet tube 8, and wes l@ﬁ
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gut through the tube D. This gas then passed through
tube &; end out through thé pubbler B. ?@ﬁﬁ@l I was thus
the erdinery tyse of hydrogen elsgtrode, while in II the
selution wes ssturated from ebove with hydrogen without
disturbing the solution. Both vessels made contact with t]
middle vasge;'bgvth@ tubes P end . 4 f% Celomel @A@a%rﬁé
waa used as the other helf element. The remainder of the
apparatus wes the same as wesg used previcusly.

4 preliminsry experiment was made using Eﬁﬁ’ﬁmlpﬁuriﬁﬁ
&@ié es electrolyte, 10 test whether the spme value was
ziven by each slegtrode. It was found thet slthough the
velues were not the same halfi an houy sfter starting, yet
they graduslly epprosched eagh other until, st the end of
three hoeurs, the values wewpe iLdentiesl. They remained
identioal for 15 hours when th%A@XQ@Tiﬂéﬁﬁ was concluded.
. Zine Sulphste eryotals were purified as b@f@ra ang
a é% é@lutiﬁﬁ prepared by snslyale snd dilutlion.,  The
Ydouble® @laﬁﬁréé@ wes wached @ut,‘arﬁgég rinsed with the
above solution, and set up &= before, using the é% zinae
sulphete colution ae eleotrelyte,

Twe complete determinations were then made with this

solution in the double elantrode.
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In the following tebulnted results, the totel MilP.
of the electrodes I end IX, (plue in ench onse the enlonel

electrode) ; sre resorded with the times st which the

megourenents wers taksn,

o & T s .o
Time  Jiel.Fai

CABE B,

2 0] 0.6037] 0.6360 0 0.6442 @.6&43~
2 %01 0.644% 1 0.6480 0 45| 0.6587 | 0.G8Bol
0.6614 G 75§ 0.0576 0. 6954

0.6678 1 30 | 0.5585 | 0.0972

s i A o o.68% | 0.6975
C0.6701 | 0.6974
0.6677 | 0.6964
30 | 0.6717 | 0.6974
| 0.6791 | 0.6979
0f 0.6B30 0.6952

o

s own
g
o ©
< [
» %
e O
L G
o

e
&

o

o~
o

i

“he eorresponding hydrogen ioa eensentretlons for

the lest values in é@@% B, vre .
¥ [6] = 1434 = l&“%

1 [;5] = 0,802 ﬁl@dﬁ
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A solution of e anlt which could not be reducsd wes
now uzed ﬁé eleotrolyie. The gult %ﬁk@& wag A.R.,
potaseiuvm di-hydrogen phocsvhete. A %% golution of the
gsld wae prepared end measurements teken with this ag the

biectrolyte in the double hydrozen electrode. The

tebulsted resulte show the F.u.F. of the cells contsining

etph slegtrods, and the time of messursnment.

vurs: veise 2 g omom
T U e F Moy

V15 fous77g
18 {0,578
2 15 |0.5780
2 45 |0.5790
5 15 |o.5779

IR *DOUBLEY EYDROGIR BLOCTRODE.

AR

Thug, when equilibrium was sstablished, this electro-
lyte andths esulphuvie scid =leabtrolybe geve constant velues
snd egual veliusz lun elestrodes I end II, "This would show
thet in the g¢nse of =2ine culphete solutions, the varisble
valuse sad the different wvalues for electrodes I nnd II

are due, not to the spoavetus, bub to the zineg sulphste

electrolybe. 4 third exporiment with zine sulphste in the

double slectrods predused similar résults to those obtained
i



in c¢sses 4 and B previously.

rom 8 consideration of the resulis 1t 1s suggented
that reduction by the hydrsgen of the hydrogen electrode

* be the esuse of this enomslous behevicur of sins

sulphets sclutlons, 7uch reduetion npsy proceed asgoording

to the equation, 2.8
44 o o F s

This yeset lon vould leand to an iﬁﬁ?ﬁ%@%é hyirogen
ion eomeantration 4n the surfzes lever, and veoorded
value would depond:

{el Upon rate of ragustiim.

{b) Bete of Alffusion from surfaee into bulk
splution.

Tariable results would thus escour from day to doy,
sovoerding to the smount of stirving the surfroe leyer
repeives through ineressed or decressad rete of hydrezen.

Thiz expsriment wess ecnreied out to asgertain if
hydrogen, in the prezence of pletinvm blaek or of & nlat-
ivign alagbrode, had any sarmsnent effest en solutions of
gineg sulchate, (such m= would Bes brought sbout 1f redustion

Lok oluge. )
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A solution of *5”’52 zing sulphate wes pleesd 1o the
ordinery hvirogen electrodo, spd pure hydrogen bubbled

through slowly for about 24 hours.  Platinum black w@g'

adled to¢ give & greeter surfage. The F.M.B. of the cell
wan measured before completion. At ths end of ths time,
the eolution wes £iltered and its hydrogen len congen- |
tration determined by meésns of the Quin-Hrirons @l@ﬁ%?@é@q
This velue was sempared with thet obtuined by the Guin-
Bydrona eleetrods with zing sulphate avivtlion not so ﬁ?@@%%

The pletinem blace wes sahaken with dlatilled vwater

for an hour, wsehed with water and sinonis, and then washed

free of emmonia. The weohings were then neutral, It wes

finnlly pertly drisd end weched sevarsl times with gine
%ml@ﬁ@t@ solution. This oslatinus black wes dhsken in the
electrods with zing ﬁﬁl@hﬁ%é @@i@%i@@e 4 partien of this
solution was filtered off and its hydrogen ion concentrati(
. s-Bylrone elsctrede.

¢

determined by means of the Quin-E;

Hydrogen gas %5%@ 2.He zing {%_%fﬂﬁﬁg %f‘ﬁ&%@g? end par

dilute gui@k@%ﬁﬁ_&@id@ wie bubbled @hrﬁugh,t@@ remeining

solution for sbeut 24 hours. The hydrogen passsd through

the freshly filled wach %Qt%l%é for purifieation.
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RYEULISs~
& , ;
(8) 32 Zine ‘nlvbete in Suln-Hydron:

AR

{thnie =zolution wae obleined from the stosk botile. )

15w 0.020% w Lo {5@5
. ’ H Le %gg

W . | :
(v) 72 zise rulphete in Quis rons Vlectrode.

(%his szelution was the filtrate of & pertion of the

ﬁﬁ%lﬁ%iéﬁ, shaken with »latinun blsek in jﬁ&@ hydrogen

alegtyrode, orier to trestment with hydrogen.)

I 1ime

Q rﬁi'ﬁa : Q e%%%g
i v | 0,05%2
» 6.05%2

The difference betweon velues (m) amd (b) of 0.0%3
velt iz stiributed to disturbence of the hydrolytic
gquilibyivm throvsh sdsorntion by the yimﬁzﬁm blaek,
(e).. 4 reading ef the hydrogen electrods, (plus pletipum
blagk) , wes token chortly before the hydrogen stream was

interrupted. This resling showed & totel LHF. 0f 0.1251
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voits, whieh cerrssponds in this eleotrode to 6 hydrogen
~3

ion coneentration of 2.69 x 10

(a)s 32 Zine Sulphete in Quin-Hydrone Wleogrode.
{Filtrete of zine sulpvheis solution, from hydrogen

elastrods, after hydropen hed bubbled 24 hours.)

4 B

R b

The Gifference betwoon the value in é@) snd in (ﬁ} o

thet obimined in en seriier experiment (P, 45), is &%tfiﬁfﬁgé

ta the lenger time of the expeviment eund to the leargar
snyinoe presented by the sdded pleatinum blagk. if, es
suggeesed previscusly, reduction takes plege socerding to the
equstions

ai%* e« # —— mt 4 =5,
then both these elrcumstacesz would conbelbute to the in-

oreaced hydrogen ion ceupgonbistion due tos-

(a) fThe lenger time during vhich reductlon oen take plesd
() The incremsed curfase ares in vhich veduction is

brought sbout.



- 1lz )

The faot thet such & bipg difference eould be
ebtaeined between the values in (a), (snd in (b) ), befoxe

experiment, md in (4) after erpsriment, & difference of

0.14 wvolt, =nd 1000 timss the hydregen len concentrasbion,
ie strong evidence in fevour of the theory that reduction

of the diwalent zine isn has taken plaoce.
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SUBMARY.

i, Hemnsurements of the hydrogen lon concentrations
of vericus selutions have been msde, using the hydrogen
elegtyede end the Guin-Hydrone Electrods.

Ii. Solutions of Zine Sulphate heve apoin been shown
in the hydrogen electrode, te give irrepuisr velues for
the hydrogen ion concentrations from dey o day. |

111, The GQuin-BEydrone slevtrode wes £ound to glve
eonatant valuss Tor the hydrogen ilon congentretions of
sing sulphete ~olutions, enabling the degres of hydrolysi
to be aslovleted.

iv. Cadeiue Sulphate selutions showed inevesaing
volues for the totel B.M. 7, of ths esll: h;;rémga:m eleobre(

pluoe gilomsl eleotrode.

Ve Yith the Guin-Hydrone electrode (n

splutions showed again constent welues, enabling the

e

degrea of hydrolveis 86 b2 ocelovlsaied.

VI. The tuin-Hydrone electrode has aluo been used
maesssfully o determine e degree of hydvelyeis of
gelutions of the saltes lead hiloride, Lend Nitrate,

Theklcus Sulohede and Petmssium di-hydrogen rhosphote.



Vii. Gwing te v too rapid rvete of redugtien, the
Qpin-Hydrone elestrode could not be used, to determine
the degree of hydrolysisz ef solutions of silver nitreteé
and of Petessivm Chromste.

Vilil. Tn those eeses wheve the Quin-Hydrone electrode
gould be vaed to dotermine hydrolysis, the resulte oblaein-

ad show cati=factory agrecment with the results ébteined

=R AEE ke

by ethar aetheds

1%, Trpervimente wero carvied out with Zine Bulphrte

golutiong, =nd Ffrem the results, the theery was sdvenced

that reduebion wmay anomalous beheviour

be the asusae of the

gf thisg »alt in the hydrogen sleglrode.

THE LIBRARY
SITY OF CANTERBURY
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