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T‘v}e acmdi’oy constem, lfor mercury (1)
28

has been determned b;y _uorsllng, Hie’camen ‘and Sil Len
5 OOO 1,‘.1.sing the titration method d%cxlbed by

10,..., 5 +
The*r mzsthod requires a lmowledge of the 1liquid

smllen 35,
,Ju.m-‘olon no‘cen’o:al of the cell, whlch they obtalned with a

]JI‘GCILSiOIl of four percent.,
As the determmation is crwlcelly 1nf1uenced

by the liquid junchtiocn potential of *bhe cell, the prebent work was

undertaken to determine this value f,frng,fph greater orecmwn and

hence. obtain a betber value for thé acidity constant of mercury {(I)
"I wa.s determned

\\

i ”he llqmd auactlon Doteni;
0 a prec:. sion of about one percent a,nd the acioi ty c,onstant found

50 be 10 ' 4 ab 30.0%,
Usint, thér éﬁi’cra,tio:l me’shod an abtempv was
Thig was

made ' to de'bez‘mlne the e,cidlty, consta:at for silv v ions
found to be negligible but aﬁa approximate ve;ln_e o;: "cha golubility
product of silver hyaroxidg;f/wé.s‘ obtained, R TR




' . INTARODTCDIOM |

!

i e
oo
4

- ;
. "
{

i oy
I ) Hydrolysis is the term applied to any reaction
involving the interaction of wabter with an ion or molecule.

A suitable metal ion when dissolved in water forms
This

a hydrate which can lead to the formation of an acid solution.

phénomenon , known as aquo-acldlty, can be explained in terms of
and Lowry 25«

the. acid~base concepts postulated by Bronsted

This theory def;nes an ac1d as a molecule or ion containing hydrogen
and a base

vhich cen be. donated as a proton o a sultable acceptor,

as a mclecule or ion capable of accepting a proton. Thus . the
between an acmd and a base can be repressnted by the

relutlonshlp
+ ‘ . .

simplified reaction,
s A & B + H
| Acid  base proton

Although a substance may be inherently an acid it

cen only function as such if there is & base pre.ent which can accapt

the proton, The following eau;llbrla is thus necessary
| ’A,+B1T2Az+32‘

is termed the conjugate base of the acid Ay, while Az is the
bonaug?té / LI I
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\cbnjugate geid of the base B4,

The hydrated metal ion acts as a Lewis mcid in

Y

" the presehce of water by liberating a proton fﬁom ong or more of

;the liganded water moiecules
Me(Ha0)A* 4+  ®0 2 [Me(Hgo)n_l(OH)](""”1)+ + Hyot
or less preclsely,

Me®* 4+ H0 2 ue(om)(®1M+ L g

The equilibrium constant for this reaction

i
k= ape(om) (x-1)+ eyt
BT o 850

is termed the hydrolysis constant, Kp, or better the acidity constant,

KXoy for the metal ion le.

The extent to which the above hydrolysis reaction
takés place depends on the proton literating power of the hydrated
metal ion, Thus a metal ion which has a relatively high charge and

) sﬁall ionic radius such as iron (Iff)’will be extensivelywhydrolysed

and consequently very acidic in solution, On the other hand an ion

such as iron (1) having a lower charge and higher ioni¢ radius has

. . 28
a much weaker acidic reaction in aqueous solution

a . ‘ - s This difference / I XEXRER]
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This difference in acldlty is due to the ak éngth

of the metal—oxyien bonu 1n the hydrate and the resultant weskening

of the oxygenuhydrogen bond in the co~)rd1nated water moleculea A' v

. proton can thus be more easily liberated from a hydrated metal ion

of large charge and small ionic radlus.,

This theory gives an over simplification of the
mechénism of hydfolysis asJit falls to take into account the formation

of polynuclear complexes during the hydrolysis of most{metals.

il

Thus i1t wad generally dccepted for many years on
the basis of the Bronsied-Lowry a.cld—-base cuncep‘a that during the
hydrolysis of iron (1II) the uncherged hydroxide was formed.

CPS3T 4 35,0 #  Fe(OH)y + gk

Many workers have sitemplted to explain their results
on the basis of this reaction. However, as pointed out by Sillen3’
this reguires either microcrystals or a true solution of the hydroxiae,

both of which can be ruled out by epplying * the law OF mass actlon

even to crude measurements,

From deviations in both spectrophotometric and

meznetic measurements it wes evident that other species, possibly

polynuclear complexes, formed by the rescbtion Fe'; '
p - Ao 0wl
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xP3T o+ yH0  ® Fex(om«y??fx"y)* +  3HE®

v

existed,

Hadstrgm? 7 using glass and redox electrodes

showed that the dinuclear complex wa.rsx:gc“s'ﬁajl’ly formed as the main

s ‘
product together with two mor;onucleai: complexes, The latter were

more evident al lower concentrations of iron (III)

il

FS* 4+ B0 2  Fe(OHRT + BF log Ky = -3.05

prx
Fo 02T 4+ B0 =  TFe(OH) % HT logKp = -3,26
=2

2red*  +  2H,0 Fep (OR)FT + 2mF log K3 =-2.91
where X ;ls the respective acidity constant,

Iron (III) is not unique in this respect as most
( } cations eg. Be2+, sB™, Uet, ¥, I3t form polynuclear
complexes in é.a_ueous solutions, Tor instance the hydrolysis of

indium (III) is given by Biedermann 3 s

(n+1) 13" + 2nH0 @ In [(OH)pIn ] B8 4+ onwt

Although the acid-~base concept of Bronsted and
Lowry does not take into account the formation of polynuclear complexes

it gives 911 acceptable mecﬁanism for hydrolytic phenomena,

The degreé of acidity of a me’c-él ion will be

influenced by the extent of complex formation of the metal ionm with
its asrsoc,iated ’l(f viseune

A



its associated anion, .Thus hydrcﬂ:ywsis ig usually caztried out on the

nitrate or perchlorate which generally do not form complexes with
- ‘ (\1‘\_\

thal Sﬁ. - ‘ { \)

L

Methods of Investigation.

There are sevVeral methods available for the
study of the hydrolysis of metal ions. However many of these
methods such as ion sxchsnge, eb;ilioscopy and cryoscopy are noi
very accurzte and only give an indication of tne type 6f complex
formerds . Four methods viz! solubility, conductivity, liqui’d-
liguid partition and potentiometry have bVeen used fairly

extensively,

The solubility of the metal oxide or hydroxide

in solutions of varying acidity has besn used to investigate the

hydrolysis of metal ions ef. silver>' and mercury (II)”’. The

hydrolysis of mercury (1) cannot be investigated by this method as the

hydroxide on precipitation disproportionates into water, nercury (II) oxide

e

and WercuTy [ coceses
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and mercury> *, The solubility method is limited tc studying
i S R |
mononuclear species and is therefore not recommended for systems :

where polynuclear complex formation is suspected.

Conductivity msasufeménts; also,\éré of limited
a@plication.f*Méasurements cannot be m;de in solutions of'copétant“
ionic strength as the bulk electrolyte would carry most of the
current, The ionic mobilities of‘tbe ligand and‘cpmﬁlexed ion are
dependant on tﬁe«composition of the solution; and consequently,

in the absence of a constant ionic medium, thig leads to difficulties

)
[1.;

in computing the results. This method cen be ﬁﬁgd for investigating
the hydrolysis offmeﬁél ions which hydrolyse appreciably in aqueous
solution, as the concentration of the highly mobile hydrogen ions

can be measﬁrednagainst the background electrolyte.

p

The solvent extraction, or liguid-ligquid pertition,
method is of particular importance in ihvestigating‘metal'ion hydrolysis
at low concentrations of the reacting speciss., Thus the method is‘ 
useful for studyingﬂthe rmononuclear hydrcxo complexes of metaiﬂién o
systems in which polynuclear complexes predominate at higher ‘

eoncentrations. The method is not very aceurate, dbubt nevertheless, '
, !

i
N

apprdﬂma'be Values / s *a 380 p
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approximate values of @anonuclear hydrolysis constants can be

determined.

" The potentiometric method is” the most accurate

-and widely applicable technique available for investigatbing the
|

bydrolysis of metal ions. The hydrogen iom or hydroxyi concentration?
in the rgaétion §o1u318£ is meésured yotentiometrically'ﬁith either |
the glaéé, hydrééen or quinhyérbne electrodés. Other hydrogen
iggicator electrodes eg. metal ozide electrodes, are seldom used”

as they are not sufficientiy precise for this type of invesiigation.
The glass electrode is generally preferred %o the hydrogen or

quinhydrone electrodes as the latter two often reduce the metal fon

under investigation,

In many instances, the glass electrode'ié used
in conjunction with othe: - methods such azs solubility, conductivity and
calorimetry, Where possible the glass electrode is used together
with the metal ion indicator electrode, Sillen and his school in
Stockhiolm use the zlass electrode and a metal electroé% in their

Htitration method" of determining hydrolysis constants 35;

In the titration method both the total metsl

ion concentration and the ionic strength are maintained constant,

whilst the /[ veversd
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whilst the hydrogen ion concentration is wvaried,

The metal ion‘and‘hydrogen ion concentrations

are determined using the half-cell

'IMex+

Me -
Glass Elecfrod?/ (C~ xa ~h)’MNd+

© CHOLOF - [ OMNaClO,
The caiomql veference electrode was of9£h¢\type ;
C.E. = Hg, Heplla;  WMNaCl =

Thus the overall cell -is

- f atare™ =
(~)C.B. | [CMNaClO, §wr * . cMeagy | Me
: (c- xa ~h)M Na* - { Glass Elsctrode

From the sbove cell we have for %he‘metal
eiectrode
E = Eo + RT 1n Xt -+ EJ

xB

Bj is the liquid Junction potential and Fo is a constant for the

cell which can be either evaluated or eliminated, )

Liguid Junction Potential.,

When two solutions of the same electrolyte are
in éontacﬁ‘with each other the more concentrated will diffuse into

the one of lowsr concentration, If the cation moves fas?er\than
the 9 s e

&
!
4

(+)

R " o

ol
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the enion, it will tend to diffuse ahsad of the anion ceusing the less
concentrated solution %o become positive with respect to thewﬁcre
concentrated, A similar type of diffﬁsidn occurs at a heterionic

: boq;dary. In a concentration celi this separation of charges

ca&ses a potential, the liquid junetion potential, to be set up

across the boundary,

- This potential can usually beﬁgfeatly reduced,

ior even eliminated, by connecting the two half-cells thrdugh a

salt bridge containing an electrolyte,~sﬁch as pobassium chlorids

or aﬁmonium nitrate, in which the cation and anion have approximately '
the same mobility. The concenfration of this electrol&%e is generally
greater than the concentratlons of the cell electroiytes, and will
thus be responsxble for carrying almost all the current across the

‘ b ‘
boundary or junction 138133 s | o

This type of salt'bridge is seldom empolyed in
hydrolytic equilibria studies as the liquid junction potential is
a0t reproducidble, and often the bridge electrolybe precipltates or .
‘complexes one or more of the ions in the test solutlon. Tfus for
nost 1nVest1gatlons, the inert electrolyte used to malntaln a
constent ionic strength in the test solution (ie: sodium percklorate)

is alSO/ ssesvesy



occuré across thié consbant thickness transition layer. MNixing

-oceurs only in thi{{f transition layer,

11le

is also used in the bridge.

Liquid jtinqtions have been classified into four

groups by Guggenheim16 according‘ to the way in which they ars forméd.

-~ There are, however, some indefinite arrangements wigich are Aifficult

to classify. The four types. according to Guggenheim ares

1) (onstrained 4iffusion Junction
2) Free diffusion junction

3) Flowing jrmetion

Ly B Continuous mixture junction.

M In the constrained diffusion type Jjuuction the

two sclutions are separated by a pordus plug or membrane and diffusion

[ I

A free diffusion Junchtion is established Dby i
allowing the two solutions to meet at an initially sharp boundary, i
and fthen allovwing them to diffuse freely. The well defined boundary

cannot bhe maintained. ‘Nevertheless, ‘therliquid Junction potential
N Lo ; 2 s
is reproducible and can be used for accurate measurements 7 . ‘

The flowing junction was investigated by Lamb and Larson?®’

i

and subsequently / veessae




=
¢

and subsequently by Maclhnes and Yeh 36

+ The junction is formed
in a T - tube by‘ailoﬁing the o solﬁiions to stream towards each
other a.cl flow té waste in parallel streams, Thgﬂtransition layer
is therefore very thin., Although thé flowing;j&nction has proved
to be ver& fépfcduciblé; 1% is not dften us;a, as itnrerires fairly

large amounts of solution, and also calls for considerable manipuiative

gl
Y/

skill.

‘

The flowing ij%ion may be regardad as a Limiting
condition for‘ﬁhe cohtinuous mixtuﬁé Junction which is defined by
Guggenhein aé: ¥he composition atign&‘poiny of the transition layer
is a linear combination of‘the éompgsitionsxof the extreme lioquids,
or in Sther words, any point of the tfansition layer may be regarded
as a mixture in certain proportibns of the two extreme liguids“.‘ This

Junciion is unstable and is not practicablez7~; i

In the cell used by Sillen and coworkers there
are two junchtions vizt sodium chloride - sodium perchlerate and
godlum perchlorate ~ test solution. The potential of the former
junetior will be very‘smali and:wi11 rémain constant throughout the

determination. For the second liquid junction, the potential will be

dependant on / sebanca
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dependant on the composition of the tast solution.

In the determination of the acidity constants
according %o Sillen the total metsl ion concentration is kept

constant whils the hydrogen ilon concentration’is varied., As iﬂiﬁgabjgen

leng  UREER haove a very high mobility, the liquid junction pdtential

between the test solution and bridge solution will alter appreciably

with the changing hydrogen ion coacentration,

Using a type of Jjunction which could be classified’
as a free diffusion Junction, Biédermann and Si.llen4 determined the
liquid junction potentials of the system

] _ [

allMe™F

(<) .. | 3Wac0, | mamt | HOL0F 4 He (+)
| (3-ax-h)Myat

\
W

The concentratié% of the hydrogen ions was
changed while the metal ion concentgation, together with the total .
ionic strength, ﬁ;s kept constant, Hence the only changes in the
potential iy the sbove cell were due ﬁe the effect of the hydrogen

ion concentraﬁionﬁon the liquid junction potential.

In computing their results Biedermann and Sillen

assumed that a coatinuous mixture boundery existed at the junction,

and used [/ yueeaes
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(] L) 2 - = 18 ;
-and used a simplified form of the Henderson ecuation. , vz

By = -« BRI In o (1+dh)
T A

where + C is theazionic strength
h the hydrogen ion concentrstion

and d is a wvariable vhich can be determined experimentally,

Risdermann and Sillen found a value

drn e s e

d=1.95 ¥ 0.08, Although d may also be calculated by the

Henderson method based on equivalent conductances, viz:

e rtn

AHG:LO a AN&GIO;;_ ‘
Ayaclo ,

os
[

this lesds to a value d = 3,3 for the same system, The difference -

in these Values”f;%ras abtributed by Eﬂcédahl and 5illen'! to a general

leveling of i‘ozlxic mobilities in electrolyte mixtures.

Present Investigatlon,

The determination of hydrolysis constants
according t¢ Sillen's method is wery largely dependant on the
accuracy with which the liquid junction potentials can be evaluated.

Using solutions [ ee.s...

ey 3
| A
,‘/’ i
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Using solutions with ionin strengths of 3000 ml

Bisdermsnn and Sillen determined @ to a precision of about 4 percent,

4 few experiments carried out on solutions with ionic strengbths of

500 ¥ and 1000 mM gave results "which seemed to show that, within

experimental errors, the liquid junction potential can with good

‘aporoximation be considered as a functicn of h/I‘(I being the ilonic

strength) only", ie. d is independent of the iomic strength., On.

. s . . iqq. 13 : ‘
- this assumption Forsling, Hiebamen and Sillen determined the

acidity constant for mercury (I) in a solution with an ionmic strength

of 500 mi, The abidity constant was found to be k = lOMS'tQ‘33

The present investigation was undertaken in an
attempt to obtain‘a more precise value of the acidity constant for
mercur§i(1). This réqﬁired the determination of the liquid junction
potential és precisély,as poseglble for solutions of ionic strength
‘of 500 mM“

In the nresent work d was determiﬂed for three
systems involving the metai ion half-cells Ag?/gg; Hg§+/ng and

Eg%*, Hg?*[Pt. The values of d for sach system were detesrmined to a

precision of less than one percent. The hydrolysls constant of

mereury (I)/ .......

S it A St it ot i it SR
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mercury (I) was found to be between 1,0x10™> and 1.7x10~°

ie. ky = 107712 X012, pue pest valus was found to be 1,6x1.077 ,
L ¥

¥o attempts have besn made to study the

hydrolysis of silver using Silleﬁ’s titration. The solubility of ) '!
the oxide has been studied by Britbon® an& Jellinek and Gordon 20 :
using silver electrodes. Britton and Vilson? useé a glaéé slectyode
in conjunction with the silver electrode. Faucherrel? determinedrthé
hydrolysis constant for silver using the glass electrode. ¥o other

attempis have been made to study the hydrolysis of silver potentio=

C e e i oS e« £ - S

Jmetrically,

i
t

\
i

The hydrolysis of silver perchlorate vas investigated
by Sillen's method., The hydrolysis proved negligible, However an
approximate value of the solubility product of silver hydroxide

‘was obtained.

T T ]
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A. Liauid Junction Potential. ’

|

1. Systems Investlga ed. -

,,a}f 'j The effect of the kyurogen ion concentratlon

T

7
]
i
v

(hmM) on the llquld Junntlon potnntial vas measured by means of the
cell

. (=) ¢.B / 500 mM Waﬂﬂl /\ Syff ‘Electrode reversible to (+)
metal ion in S.

¢.E. is the calomel electrude n), hggvlg, Iy NaOlu S, the test
Vsolutlon, was cemposed as fol WSt '
S =. am Me*»*'- h mET; ;oe mid CLO7; end (500 = ax - h) mM Nyt

where mM is the ccncsntratiwn in millimoles/litre and MeXt is a

metal ion of charge x,

ThS‘meﬁal.ions‘ﬁséd were silver, copper (II)
and mercury (I}. The rédqx s&stem nercury (I)'“mercury (1I) was
also investigated. In thé'iaﬁter system the composition of the test
solution was - ’ |

5 = brdHg T mﬁigi’-‘i‘;‘mm*';‘” 500mM cmi and
(500-2b-20 1) aMNet

2. Preparation and / vies.ss
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2. Preparation and Bshaviour of Eleotroaes.

as Silver Electrodes.

The behaviour of a silver electrode depends

on its previous history and mode of ﬁreparation. SQVeraiitypes'oka

electrodes.were prepared but most did not give satisfaétdry‘resultsk

Sllver W1re prepared according fo Koltoff and

Furman 23und Clark © did not give steady or reversille resu¢%s when

immersed in silver perchlorate solutions,

Plat:.num wice, sealed into glass tubing a.n»:"

electrolytically coabted with silver from a potassium siEVex_cyanide"

. e 30
solubtion, has been used successfully by many workexs,‘ ﬁllssonB s

s

amongst others, used this type of electrode satiszact l alihough~;j

equilibrium was not attained rapidly.

When such an electrode was Lightly coated ﬂi#h
silver chlorlde by electroly31s in a dilute hydrochlorie a*ld
solution, equ;llbrlum was reached almos?t 1nstantanecasly in qm“vér
solutions. It was gubsequently fouad that Ekedahl and Sillen'’
had used this type of~silverx91ectrode in determiﬁing gilver ion

concentrations,

The electrodes / sraveee

b el
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Tbé elesctrodes used in this work were prepared

} acccrdingﬂta Brown9. . As it was found that eouilibrium is reached

slowly if the silver chloride deposit is too thick, chloridation was

carried out\for five to ten mlnutes and not for thirty mirubtes as

descrlbed by b‘ﬂoxmv

by "Mercury FElectrode. -

~ The potential of mercury (I) solutions was

measured by a pool of mercury in the reaction vessel. Contact was

- made w1th the mercury pool by a miece of platinum wire sealed through

the bottom of the vessel into a side srm filled with mercury (Flg. 1).

Equilibrium was reached after a few minutes., -

¢s Mercury Redox Electrods.

The mercury‘electrode cannot be used for
determining the concentration of mercury (II) as the reaction
HZY  +  Eg(1) ¥ Hegt
takes place. This réaction has an equilibrium constant

[(Begt] T = 130

Attempts were / breeeise
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Attempts were made to measure the potential of
the mercury. {(I) - mercury (II) couple using a bright platinum foil

electrode, TH: foil was welded to platinum wire sealed into glass

tubing. Contact with the lead to the potentiometer ﬁas’;;de thro?éh
mércury in the fubing, ’The potential of the syétem was found to drop
conglstent’y nver a féw days, This was attributed to the imperfect
‘seal between the glass and platinum, The soluticn and méicury coms
in?o'connéct through diffusion and the ensuing reaction between the

mercury (II) and mercury causes a drop in the potentisal.

To overcome this difficulty the foil was welded
to a six inch length of platinum wire sealed into gléss tubing five
ineches long. Contact between the platinum wire and potentiometer

lead was made using a screw connection.

Before each experiment the platinum foil was

cleaned in hot concentrated nitric acid, washed well«iﬂ diktilled
| ‘ Ji

wvater and %hen heated to redness inman alcchol flame.r
This electrode attained ecuilibrium immediately

and did not fluctuate more than a few hundredth of a millivolt on

standing for an hour.

- é. COppe&¥Amalgam [
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o \ / K P
d. Copper Amalgam FElectrode. oo

I
I8

As high purity copper wire or foil could not be

bbtainéd,_coPPer amalgam was used for measuring the potentials of

copper perchlorate solutions,

Generally equilibration between an electrode and |

solution is greater if the amalgam of the metal is used33

x \-//,/—

il

Bisdermann and Sillen™ wused the copper amalgem
electrode in evaluating 1iqpid‘junction potentials, A4lthough thqf‘
fouﬂd that the electrode was easily polarizable in soiutions of high

acid strength, the electrode gave steady and reproducible potentlalsi

in copper perchlorate solulions where the acidity was less than 0.4,

Biedermannl!s and Sillen'!s work could not be

s i

repeated, Althoubh the copper»amalgam vas prepared inthe s
manner, Steady potentisls could not be obtained, On standing for a few

hours red crystals settled out on the amalgam surface.

Berecki—Biedernmnh? also failed %o obtain -
. equilibrium with this electrode. She attributed the red crystals
which settled out on her amalgamjto copper oxide formed by the reaction

"+ cul Bg(s) + E0 @ owo(s) + 2m' 4 Hg(l)
3/ Rsseras
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3. Preparation and Analysis of Solutions.

& :
A1l reagents used were of A.R. or eguivalent

i

grade,  Riedel-de-Haen perchloric acid was preferred on account of

its low chloride Qonteﬁt.

ae Stock Solutions,

Sodium Perchlorate. |

. Sodium perchlorate was prepared by the slow

addition of qod: um carbonate to a mechanically stirred, ice-cold,

60% perchloric acld solution until neutral to narrow range B,D.H.

mdlcator pap‘er. “The solution was then bomled {0 expel carbon
dlexide snd bhe warm solution filtered to remuve a white insuluble

residue, mﬂ ch vns most probably potassium ;perchlorate.

‘fhe sodium perchlerate con?eptra’oion vas
deternined by passing an sliquot throuih a cati;m exchange column
in its acid form. The liberatsd hydrogen ions were titrated with
stondard sodium hy’drcmide solutidh using bromo cresol purple as

indieator. Twc ion e ehange columns were used viz. Amberlite I.R, ~ 120

and Zco-kard 215, Identical resu.‘Lts were obtained using both columns,

The to‘bal / vonot-’.
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The total perclilorate concentration inm all

" solubtions nsed was determinedrby the. above method.

ilver Perchloraie.

vy

i -

‘ Excess of Ireshly preciplitated sxlver oxide was
added to hot (above 70°¢) 60f% perchloric acid. and the solutlon | -
filtered through a sintered glass crucible: The soluflon was

analysed for the silver lon concentrabion by Volhand‘s Method.

Yhe free acid wés determined b& precipitating
the silver with‘sodium ch;oriés. The silver chloride was filtered off
and the filtrate #itrated with standard sodium hydroxide 901utioﬁ.
It is eSSentialwthatrthe‘siIVer chloride be‘well washed as it retains

the free acid,

’ The silvér oxide ﬁas orecipltated from a silver
nitrate solution with sodium hydroxlde. _After filtering and washing
with water, ip vas diésolved in concentrated perchlori§ acid and
reprecipitated with sodium hydroxide. This cycle was rapeafequﬁtil

the oxide vas free from nitrate.,

Vercury (I) / vuvvens
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Merruryﬁgﬁ),Pe:chlérate.

)

Red mercuric oxmde vas dissolved 1n excess
porchlorlc acld and the soTutlon shaken vith triply distilled
merpuryrxor twantymfour hoﬁrs 773 At this stage only minute traces
oz{mercufy (Ii) could-ba deﬁected.

The mercury (I) concentration was debermined by
tltrating godium ebloride deing bromo phenol blue as an adsorpiion
indicataf32 "If

If the fren aeld strength in the solution is greater

than 0,04 it murt first be neutrallsed w1th sodium carbonate

L
The free acid concentration was determinsd as
in silver perchlorate Lbovs.

Marcuric Pecchlorats.

A weigled amount of mercuric ox1de was dlssolved

i

in a known excess of. standard perchloric acid and the solntlon diluted
J

to the required volume in an A" - grade standard flask.

Hydrogen sulphide gas was passed through an

aliquot of this solution precipitating mevcury (II) as the suQPhidA'

\\‘,' B »/(
which was / bevunse
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i

vhich was filtered off, The filtrate was ﬁoiled to expel”hydrogan
sulphide and, after'cdpling, tit;ated with.standérd”sodiﬁm hydroxide
‘.soiution giving the total aoid‘plus mé&cury (1) concentration in
the solution, 7

v
(s

These results and those obtained using the ion

exchange method égreed 0 0.2%.

-

Cbnper Perchlar ats.

Excess copper oxide was added to hot 60f%
peichloric acid and the solution filtered throuéh a sintered glass

W

funnel.

The copper concentration was determined

lodometrically.

Perchloric Acid.

7

Cbncentrated perchlorlc acid was dlluted to
approximately EH, and etandardised against a standard sodium hydroxide

solution using bromo cresol purple as indicator,

b, Test Solutions / vesesse
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b, Test Solutions.

Two solutions were prepared for each titration
by sultable dilution of the above s¥ock solutions. Table 1 gives

the concentration 6f sach specie present in the solutions.

Tha solutions were analysed as above,

Y, Apparatus.

Two types of selt bridges were used, both

employing 0,54 sodium perchlorate as the bridge electrolyte.
//(‘ o 7 B

A

Tﬁzge I, W,

& fonnection between the test solution and the
cclomel electrode was made via two bridges, throﬁgh a vessel

containing a 0,54 sodium perchlorate pool (Fig. 1).

The first bridge, between tﬁe test soluﬁion
and scdium perchlorate pool, was an inverted U-tube sealed at’ the
two extremities with atbestos fibre. The bridge was filled with
0.5l sodium per&hlorate through a funnel fitted on the bend. The
Junetion formed by this bridge could be classed, according %o
Guggenheinm's classificétion, aé a cénstraﬂhea diffusion junctiop.

by
I

The SOdi’UJn/’,..o.’..o “,




o Table 1.
System Sy | 8o | a
2.4
, 2.45
Agt[ g 10.0 mhiag* 10.0 miagh | 2.43
490.0 miat | 490.0 méH* 2.4
| Co2.43
| 2,54
| 5.0 mES* 5.0 miET 2.52
Egt/Hg | 17.9 mEt | 9.3 mm | 2.5
| W2.0 mia® 2.5¢
| 2.55
2.5 miHg2* 2.5 miEg2 2.52
HgZtiESt s | 2.5 mimgtt | 2.5 mu2?t 2,53
13.50 miH" ng9.65 mEt | 2.5
476,0 Nt
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The sodium merchlorate p001~~ and thé calomel
electrode were conmected by an agar gel bridge satursted with sodium
chloride, - - " S 7

!
This bridge had several disadvanitages vwhich will
be discussed later (page 34 ). Type II bridge was ﬁsed iﬁ preference

to this type.

Type II.

The bridge described by Forsling,g Hietazién and
Sillen ' 3 was modified slightly (FigureE)., |
(1) : Blectrical contact with the mercur:} pool of
the calomel eléctrode vas made through a platinum wii‘
sealed botween a siderarm and the base of the electrode
vessel. The side"")a:'\'in ves then filled with mercury. This
i . modification :E‘ac:‘l.li%a’oed the preparation of\? the calomel

electrode.

il

(i1) " Contact between the sodium chloride solution

of the calomel electrode and the sodium perchlorate solution

in the bridge wes made around the three~way tap, To, which

was greased [/ savvnes

S

el S s o)
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(iv)

2 8 @ ‘ﬁ )N}
%f

was . greased on th% ouxarhedges oﬁly: During a titraéion
T5 Qas kept cpen and To positioned as shovn in the inset
in‘Figure 2. Syphoningrwés fquﬁd to take place from the
vaste pipe sbove Tp thréﬁgh Ts intorthe reaction vessel.
This flow wasfpreVent&ﬁ §y attaching a short length of
ribber tudbing, closed with a serew ¢lip, o the waste pipe.
The guick-fit joints, Jy and J,, were held
firmly vith hooks énd rubber bands to prevent léakages{
To facilitate the filling of the side arm to
the right of J2 with sédium pe;chlorate solution a funnel

was fitted above Ty

The tep T, and quick-fit joint J,, which vere

below the level of the water in the thermostat, were coated with

water repellant silicone grease.

Before each‘determinafion the aﬁparatus to the

left of Ty, was flushed with 1 sodium chloride solution and to the

right of T, with 0.5l sodium perchlorate solution, The side arm to

the right of JP was filled with 0,5 sodium perchlorate solubtion,

fitted through the stopper in the reaction vessel and then joined

to Je/loonuau‘

v
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to Jo by the gquick~fit joint. Ty was opened and T positioned
as in the inset in Figure 2, The Junction was a "J-typel

described by Riedermann and Sillen ¥ .

The gpperatus was immersed in an earthed water

thermostat cbntrolled at B0.0t 0.05°¢ with a toluene~mercury -

regulator, The wabter in the thermosiat was stirred with a Stuart-

Turner pump, -

The pote .1ls were read on a Pye Vernier -

Prgcision Potentiometer in conjunction with a Pye galvanometer.

Witrogen was bubbled through all solutions
to prevent~pxidaiion and to assist in the mixing of the tes?b
solutions. Qhe nitrogen was freed of oxygen 5y passing over healed
copper +urningé(anﬂ'wés'then saturated with water vapour by passage
through a vessel bontaining a 0.5l sodium perchlorate solution immersed

in the thermostal,

The reaction vessel unsed for the mercury (I) and
copper (II) sysiems is as shown in Figure 1, A similar vessel
without the siﬁe arm was used for the other systems. The reaction

vesssel was fitted,witk a rubber étoPPer bored.to take the salt bridge

junction, [/ «.een.,

.
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Junction, an slectrode and nitrogen inlet,
5. Procedure.

Initially 50,0 mls of §1 (Table 1) were placed
in the reactlon vessel 1n the thermnstat and allowed to sbtand in
conbact with the(respectrve eléctrode for spproximately-thirty
' minutes for equiIS§1um to be attalned. The hydrogen ilon concentration
was then altered by small additions of S,. A&fter each addition of

Sg approximately ten minutes were ailowed,to elapse before deberming

the potential of the cell.

Since thg metal ion concentration was maintained
constant throughout the titration the changeé in the potentisl of
the cell are due to the effect of the replacement of sodium ions by the

more mobile hydrogen ions on the liquid junction potential.

Datails of a typical titration for each system

‘are given in Tables 2, 3 and Y,

6. Calculations [/ .......




Teble 2, (Figs BaaIBb)-

Silver Hlectrode.

(nis Sz) Bul | BotBymV ”Ezli "33/6001 5 1?3/604'1 iq] B mit | 7500 my
0 1ho8.40 | 348,25 0 { o 0 0 0
2.0 |%5.96 | 5.8 | 2.k 0.0%06 0.098 18.85 | 0.0377
o |%%.93 | 343.78 hu7 | 0.07H3 | 0.187 . 36.30 | 0.0726
5.0 |Yoz.21 | 342,06 f6£l9~"‘ o.loég -6;268 52,50 | 0.1050
8.0 |u00.60| o5k | 7.7 | ouese | o3 " 67.59 | 0.13%2
0.0 |399.33 | 339.18 | 9.07 | 0,508 | 0.uL6 81.67 | 0.1633
12,5 |397.85 | 337.70 | 10.55 | 0.175% | 0.497 98,00 | 0,1960
15.0 | 396.62 | 336.47 | 11.78 | 0.1958 | 0.570 113.08 | 0,2262
17.5 | 395.5L | 335.36 | 12.89 0.2143 0.638 i27.ou 0,251,
20,5 | 394,34 | 334,19 14,06 0.2337 | 0.713 . 142,48 | 0.2850 7
22,5 |393.68 | 333.53 | 1W.72 | 0.2W47 0.757 152,07 | 0.30M
25,0 ]392.90 | 332.75 15.50 | 0.2577 | 0.810 163.33 | 0,3267
7.5 [392.22 | 332.07 | 16,18 | 9.2690 | 0.858 173,87 | 0.3477
30.0 | 391.50 | 331.35 | 16.90 | 0,2810 | 0.910 183.75 | 0.3675
325 390,92 | 330.77 | 17.k8 0.2906 | 0.953 193.03 | 0.3861 !
B 35.0  [390.37 | 330.22 18.03 | 0.2997 \' 0.994 201,76 | 0.4035
| 37.5 | 389.91 | 329.76 18,49 0.3074% | 1.030 | 210.00 10,4200
40.0 | 389,46 | 329.31 18,94 6.31&9 1.065 h 217.78 | 0.4356
J )




Table 3, (F

e e

igs. Ya, 4b) -

Mercury Flrotrods,

puv Eo+EémV\ “EémV -E$@o.;5 *i;E;@o 1$'fr1th B500 mM
§u53,7q uze.67 | 2.23“ o.Q371k 0.089 17,90 |  0.0358
fﬁ51.55~ 430,52 u3s | o.0728 | 0.8 36.03‘ 0.0721
;uu9.67 hog.6h | 6.26 | o.l0M 0.271 52 82 0.1056
wg.oh | wr.or | 7.69 | oame | 0.353 68,141 0.1368
W46.6% | 425,61 | 9.29 | 0.15M: | 0.k27 82,92 | 0,1658
Y45, 4o uzh.zf 1055 | oarsL 0.1496 96,47 |  0.1929
W0l | be3.o1 | 1.8 | oot | o577 112,18 | 0.204h
42,83 L21.80 13.10 | 0,2178 o.65i 126,88 0.2533
.69 | 200,66 | 1weh | o.2367 | ores  |awoar | o.es0e
Wo,84 | 419,81 | 15,b9f” 0.2509 0.782 152,59 0.3052.
22,5 | 440,02 | 418.99 15.91 | 0.2645 0.839 164,20 0. 328} .
25.0. 439.22 | 418,19 16,71 0.2778 0,895 175,03 0,3501
27.5 | 438.50 | MLT7.57 17.33 | 0.2881 Q.9n1 185.17_|  0.3703
30,0 | 437,91 | 6.88 [ 18,02 | 0.2996 &5995 194g6f“' 0.3893
32-5  437,27 | Wb.24 | 14,66 0.3102 1,043 203,60 0.4o72
35.01 436,75 | Wi5.72 | o198 0}3189 1,08k 212,01 C.lu2k0
37.5 | W36.24 1. Wk,21 19;69 0.3273 1,124 | 219,93 0.4399
4.0 | 435,76 | 4ik.73 20,17 0.3353 1.165 b 22711 0.4548




‘Table 4. (Figs, Ba, 5b).

Mercury Redox Flectrods.

I I i i TR I ST Ml i
1| of smos | 1sl ooe| ooss  |unss |ocers
“é 1.0 | 570,98 . | 2;47‘ *o,oua;V 0.099 23.28 |’ o.oué6,
: | 2.0 :563.93 ] 3.52 o.g585 "oﬁlhh{ 3e;é5,‘f 0.0645
| 2,0 565,95 W50 | 0.0748 0,188 | uo.gg | 0.018
4,0 568,00 | 5.5 | 0.0006 6.232 49,19 | 0,098L
5,0 567.15 6.30 | o.aour | 0.273 57.19 | 0.LuMh
6.0 566, 32 7.13 h 0.1185 0,314 6ﬁ.92 0.1298
7.0 565.60 | T7.85 0.1305 0.351 72,37 0,147 i
8,0 | 56k, 89 8.56 0.1423 0.388 79.56 -0;1§§l N
9.0 564,19 9.26 | 0.1539 0.425 g6.50 | o730 | 4 {
10.0 563,52 9,93 0.1651 0.462 - 93,23 W;o.igss‘
11.5 562,71 10.74 | 01785 0.507 102,90 §506205s
13.0 561,90 | 11.55 | 0.1920 o556 l1mean | o.esle
14,5 561,12 12;33 0,2050 0.603 120,89 ; 0.2418
16,0 560,46 | 12,99 0.,2160 0. 644 129,27 | 0.2585
17.5 559,87 13,58 0.2258 0,681 137,28 0.2746
20,0 558, 92 153 | 0.2M16 0, 74N 149,86 0.2997
29,5 557,99 15.46 0.£570 0.807 }o' 161.58 0.3232
25.0 557 « 30 16,15 0.2685 0,856 : 172.52 0. 3450
21,5 556,61 | 16.81 |  0.2795 0,903 182,75 | 0.3655
3C.0 556,00 17;u5 0,2901 10,950 192,34 0.3847
32.5 555.36 | 18,09 | 0.3007 0.997 201,35 | 0.H027
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Galculations snd Results;

A

For

tn

s cell

Ca ( ) G.E./Msx'*' .Ef"} Ne - ()
e Ag or 32 » we hays: ‘the following; equatibn

By o+ %111 _-anex'*‘ + By

. B : 771 ‘ . i
0 T+ 25 et (Ga)

=

In

cln fMSX_}‘ $rens o‘;:el (.2&-)

b

élf%

For the redox system ng » Hg“'{'/s?t the eqmatiou to
2-!-\ g :
+ By

By ” gL - 1’%

e
=

=t

B
wt;a,nvt (1b>

g@
at
%i'g*

- o 4 B In [
= ? b [ f B
n ' s 7"‘
ie, By = B T+ RT lIn . tilcc.OQ‘(ab)
J J ~=

In this / vimeeees




In this investigé.tibng[ Hgazf%'] = [ng“"}and thus- eqcm.ti;n (1)

reduces to

1
T B o= Eo + Ny
q
From equation (la)
] = . BT |
B = In [Me®™ ] = 3, + E';

S

’.thé by sph‘bracﬁing the Nernst term from the measured value of

t
E, (B, + Ej) is obtained.

Since the licuid junction potential tends to
zero as the hydrogen ion qoncefitraticn tends to sero, E, can be .

evaluated by extrapolating the graph of (&, + EE;) versus the hydrogen

ion concentration o zero acidity, Thus the value of the 1i‘quid‘
junction potuntial ‘at any perticular hydrogen ion concentration can

be obtained by subiracting E, from the 'caarrespozidi.ng Vaiue of |

(% + Ej).

T e

The extrapolztions for the thrae systems silver)

. Woos E T - / ,!
mercury {I) and the mercury (I} = mercury [(II) couple zes given in bk
Fignres 3(a), M(a) snd 5(a) respsctively. | .“

- . - L ihe simglified [ siesees ~
‘ ‘ R 0 ‘

§

B »

‘\\‘

i
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S

The s1mpllf1ed hendez.son squation (page 14)

B; = \"%-?.l’n (1 + _,._,,} BEEEEETRRR T (3)

A
reduces to ,

v

o4 =-_6O 1 .l l ah | ..‘.‘.;.‘”.
; 5 logf1 Tﬁ'o"o) | - (1)

at }9.‘006 and an ionic strength of 500 mi if the potentials of the

above cells are given in millivolts, \

q
u i

Assuming that the actw:.ty coei‘flclent terms
in equations {2a) and (2b) are negligible le. the a,ctlvs.ty coefficients

are very closs to U.m‘by, E can be replacad by EJ and equation ()

-

rearrenged as follows)

10—-Ej/‘60‘”1\75~—]‘ — %g;a, besbasbelnd (5)

‘

The velues of & given inm Table 1 were obbained
from equation {5) by the method of least sq_uai'es. d can also be
obtained from the slope of the graph ('ILC\"EJ%(”1 5 ~1) versus n/ 500
as shown in Figures 3(D), l((b) and 5(b) for the three systems studied.
’l‘he‘ values of d obtained by both met\hods agreed very ;l’osely.

The veluss listed in Teble 1 ave for the iype I salt bridgs, s
the results obtained for the type %{Z,bridge were erratic ‘and non-

ity
, o
reproducible.

Y ; At l‘ow/.-----f‘




(Table 2)
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At low hydrogen ion concentrations

(ie, b 10mM) equation (3) can be rewritten in the form

| 5.3038 C

vhich reduces to. o

B = - 0035 4 nay cieeseanes (B)
2.503%500 ‘ e T

7. ~Discussion.,

The srratlc results ob’oalned using the tvI)e 1

~ S
salt bridge was attributed to several faci;ors, The level of ‘bhe %tg
o Fo

test solution was not constant and conseguently syphoning took place

!\:

throug,h the sodi\um perchlorate bridge. The direction and rate of
this flow depended on the relative levels of the test solution and

the sodium perchlorate pocl,

The sodium chloride in the ager bridge diffased
into the sodium’perchlorat‘e pool, and was transferred by the syphoning‘

process and by diffusion to the asbestos plugs, where 1t precipltated

the metal ion causing a large increase in the liquid junction potential.

The .asbestos plugs also deteriorateclr wlth use,

and hence the bridge was not suitable for a series of doterminatiors, a

Although [/ euvunes




general work involving lluPld Junotlon potentlaln, 1t cannot be used

Although thisg bridge would be Satlsfactory for

for accurate work lnvolV1n,

hundredths of a mllllvolt.&

;/subbequent determinations of the hydrolysis constants.

potential changes of the order of a few

This bridge was thsrefore not used in the

The,tyne'II salt bridge was found to behave very

Satisfactorily after a £

W modifications were made (cf. page 27).

Thé average values of 4 obtained for the three

systeus stualed (Table 1)

were silver 2,43, mercury (I) 2.53 and the

mereury (I) - .mercury (11) couple 2.53,

These values were obtained

a precision of less than one percent The overall value for a’
was 2,48 ¥ 0.07:

d=1,95 £ 0,08,

Bledermann and Sillen4 found an overalL value of

They meds no distinction bwhween the ind1v1dual

systems studied, but duv, however; gtate that the value od d, and

thas the liquid Jjunction poten“ al is 1ndependant of the metal ion

present.

The values obtairsd for d in the present work

lie wiunin the same experimental range as the Vaxhes obtained by

3iedermenn and Sillen,

2

vig. U perceat.

Althouggx/ coeaeas

it




“4is thus very small and eq@aticn(B)can‘be employed with good accuracy.

i

ALthougl the values of 4 obtained for the

individuai‘syétems woﬁld‘indicate that @ 1s dependant on the metal
ion.employed, the difference obtained‘bqfween the silver systenm and

mercury systems could possibiy be attributed to the differences in
the activity coefficients of %he‘ions. Biedermann® has found

evidence in supnort of thisﬁbhépry;

Tigure 6 shows the variation of the liguid

junction potertial with the hydrogen ion congentration. The Valuasw

for the mercury (1) - mercury (II) couple are lower‘than for silvor

and mercury {(I). - This could be sttriduted to a slight inaceuracy in

the determination of E, (Figure ba). Nevertheiess these points‘éb

follow a patbern similar to those of the mercury (1) system. The

¥

points lie very ¢lose'£b each other at the lower aciditiesubui tend to

spread ab Higher acidities. This could be accounted for om the basis‘

of changing activity coefficients.

L oy
The insceuracy in the assumpbion that Ej = B3

is alsc evident from Figures 3b, b and Bb., Fhe ﬁoints plotted fall

" od a slight curve. However a straight line can be drawn through these

points with good epuroximation. The effect of the achbivity coefficients

Biedermann / .... .
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' Biedormann end Sillen determined & st 25.0°
u91ng solutlons w1th ionic strengths of 3000 mM, A few determinations

~

were done at )OO mid and 1000 mi, The hJarngn ion concantraxlons

the above ionic strengths reSpectlvely. ALl thesﬁ‘concentrations gave

the same value for 4 viz, 1,95 ¥ 0,08, i

3

) . The present work was carried UU-%». at 30.0°C with

an ionic strength of 500 mid, - The hydrogen ion conccntratlon range ias

¢ to 220 mM. The value obtalned for d&,.v¥iz. 2 MS 0.07, was almost

)

25 percent higher than the valus obtained by Bisdermann and Sillen.

 According o the definition of & vig.

o Dacro, - Dwecion
Agac104

it should be dependsnbt only on the conductivities of the electrulytes

on either side of the junction. [hus only those factors which

vte would be expected to

influence the conductivity of an electrol

i

affect d. Two sach fachors are the temperature nd the ionic strength

of the solubion, o i

” Biedel‘m&ﬁn and / KRR XN

were vari ied between a.nd 600 mM, O and 50 oM and O and 100 mM for

Ty

!

FO e
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Bledermann and Sillen found d ‘00 be :Lnde;pendant

Lf the :Lonlc streng’oh The value obtained for 6 ie, l 95 was
consmderably lownr thmn the value d= 3. 5’, calculated from the
cmnductlvltles oi the 1,u1-e components in a 3000 mM solution, TFkedahl

and),a.llen attm‘b}lted this t0 a general leveling of the iomic

mobilities in el écti'oly“t‘e mixtures. If this were so it would be expectedz
thaf the leveling of the ionic mobilities would not be as pronounced -
in mOl'll'b ous of lower ionic strongth :Le. d would be greater in s’

- Boo i perchlorate sq.v.utloz; than in a 3000 mM solution,

‘Ai'tl*.ough ‘the ionic conductances of all electrolytes
incre-ase with increaséd tﬂemperaﬁ’cure,- this éffect is less noticeable ‘with" 35
~the more mobile :i.oms‘1 9bk.& anrd ~censéquently,\\ at higher temjperatui'es one
would expect a decrease in the value of d., For two different
temperaturs Vcondiﬁions the difference in the valuss 44 ahd d2, viz. -
M, is given by

N\If“ A>‘c;:LO“
/\>\ + m‘clo*

Ad =
i

il
i

whnre fhe N\ terms represent the increase ;m gach of the ionic

co, 1ductances. As L\/\H-i- is smaller: than AN+ and A}\"lQL , Ddis

A : ‘ conseqp.ently / Cesenes
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c@%@@ﬂynwwhm me@,ﬂmvﬂm,d:lﬁ&oMﬂmQW*
Biedermann and Sillen at 25.09C vas ;mallér-than the valus,

d= 2.&3, thained in this work at"jo.god;“ To explain the difference‘
between these valués, it must be assumed tha? d is dapendantlén'thé‘ |

physical structure of the junction, and also on. the ionic strength of .

the solution®’ ., Thus 4 must be a function of the temperature, the

physical nature of the junction, and the icnic sfrength of the .’

medium, in addition to the ionic metilities of the ions involved.

LA
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B. Hydrolysis of Hercury (I).

1., Procedurs.

‘ The procedure édopted for the determination
of the hydrolysis constant‘forfmercury (1) wes the same as that
described by Forsling, Hietanen ana Sillen'3 , This‘method, the
ttitration methbd" makes use of the cells

| - Hg, BgCle U MiacL / 500 mrm&olm / ng*‘ BF [ Glass)
b ‘ : Hlectrode;
' L Hg(l)

to measure the concentrations of mercury (I) and hydrogen ioas,.

‘Thé results in the present work were based on
six;titrations. Each titration reguired thrse solutions, 51, S2 and
53, which were prepared by the dilution of the stock soluti9nq
N descrlbed prev1ously. The concentrotions of these solutioﬁs ﬁlame

given ir Table 5. BEach solution was 500 mM in perchlorste, Ehé :

\ e R -

z total perchlorate in each of the solutions, end the hydrogen ién
concentration in soluﬁion Sj, were determine d as described before.
’“he conwentratlons of the hydroxyl- iong in So and the hydrogen ions
x\ ] in S3 wore determlned with pota351um hydrogen phthalate and
7X\j standard sodium hydroxide solution rgspectlvely. \
N ,

AS ‘bhe/ op-o-o»‘
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As the concentration of mercury (I) in the

dllute solutions could not be deuermlned with accws : ‘gthe

il
c

concentration vas assumed to be that obtained by dilution of th;'

stock solution. -The concentration of the mercury need not be o

known accurately.

‘The titrations were, at first, carried out in two
parts, The firat part was an acid-base titration involving solutions
5y and So. No mercury was present in the,réaction vessel, From this

titration a relationship was obtained betwsen the potential of the

calomel electrode ~ glass slecirode cell and $he logarithm of the
hydrogen ion concentration, Thishrelation was used fto obtain the
hydrogen ion concentratlon of the test solution in the second part

of the titration. In the second part, solution $3 wag added to the

T L ETCE T
Sy e e et

" k
) i solution in the react%on vessel and metallic meacury intreoduced. ;
\ »\ 5

mhe potentlals of the oalomel electrode ~ glass electrode and £

calomel electroae - mercury electrade were determined ailter -

K A Ao

| equilibrium had heen antalnea.

Addltlonsxof S2 and SK were ‘then made in such

a manner that the ratlo 53/5 mas the- same as the 1n1tia4 ratio,

83/(81 +'Sa). Thus the total mercury concentratlon uas. kagt

constant / svreene
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B

constant throughout the titration.

The glass electrode was found to be
insensitive to the small changes in th7 hydrogen ion concentration
experienced in the hydrolysis of mercury (I}, It was therefore
noﬁ‘used in subsequent titrations. The analytical hydrogen ion

concentration was employedxtogether with the rather accurate

potentials obtained with the mercury electrode,

The initialwacid—base titration was therefore
‘not carrie&rout. At" the start of the titfation,solutions 8y and Sp
wers placed togsther with 83 in the reaction vessel. Mefallic

)

mercury was then. added and titration carried out as above.

“ Table £ gives details of the«ccncenfrations and
volumeé of each solution used. Table b6 gives detailed data for
titration 5. The first column inxiableVG, vig! x mls, gives the
volumes of 53 added. TFor each volume of S3‘an egual volume of §,

waélédded. The addition was stopped when a permanent precipitate

o formed,

b

The: titrations were carried out at 30.000

;sing the reaction vessel shown in Figure 1. WNitrogen, purified

/‘U y ‘ ‘ ‘ as in/ service
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Table 8§,
it R
Survey of Titrations.
:\‘
' r— L e ———— ; . o - S — - - -

Ty, | 8 | s, 5., [ m1seadded

D R I T R i ™Y B T e s e P

¥o,
- . 24 oy Y
¢ Efmd | OH"mM | Hgitmd | Efmd 5 S, 8
o 1 ¥0.0 | 39.70 | H.0 9.90| 25.0| 23.0 | 4.0
7 foo ,
- %0.00 | 39.70 | %0 9.90| 25.0| 3.0 | 4.0
) ; - /3 | .00} 39.70 | 2.0 9.88 |  25.0 23.0 | 8.0

Uy 40,00 | 39.70 2.0 9.88 | 25,5 24,0 | %9.5
5 %0.00 [ 39.70 |- 1.0 9.91 25.0 |  23.0 48,0

6 ‘40.00 39175{i“ 1.0 | 9.91‘ v 25,5 2h.5 50.0
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- A , TPable 6.

Detailed Data For Titration 5.

I

zmie | may | nom logh _
0 ’héh.98‘ 586 0.7679
2.00 ueﬁ;osﬂ 5.03 0.7016
oo | 5.9 .26 0.6294
6.90' 4eh,27 # ‘3.55 0.5502
7.03 425,32 ” 3.21ﬁ 0.5065
8.00 125,36 2,89 0.4609
9.00 425,39 2,58 0.4116
110,00 k25, 2.28 0.3579
11,00 - 425,43 - 1.99 0,2989
12.00 425,46 1.71 0.2330

12,50 425,45 1.57 0.1959 -
13.00 425, 4k 1.uﬁ 0.1584
13\50 u25$u5 1.30 0.1139
14,00 125, 1k 1.17 0.0682
1u°505\ b5, 2 1.05 0.0212
15.00 | - h25.39 0.918 -0.0372
15.50 ‘;\u25.36 0,794 -0.1002
16.00 xhe5.29 Q&Q.GYil -0.1733
i6.50 | wesaz | 0.l | -0.2588
17.69 ”35§b§ 0.4% | ~0.3645
17.50 ﬁﬁ&?GQ\\ £ 0.315 =0.5017

OB mV

0

0 0,20
0.01 0.90
0.03 - 1.56
0.05 1.61
0.06 1,18
0.09 1.55
0.11 1.77
0,12 L2
0,15 | 1.55
0,19 1.63
0.23 1,67
0.28 1.56
0.37 1,61
0,50 1.68
0.66 1.47
1.01  1.38
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as in the previous experiments, was passed through the teéfﬁr

solutlons,

o

“ 2. Calculations and‘ﬁesﬁlts, _ﬁg\

The calculations givén by Forsling, Hietanen

and Sillen ﬁéré used,

5

Mercury (I) solutions prepared from the
mercury (II) solution by equilibration with metallic mercury always

contalns Wlight amounts of the mercury (II) salt.

The equilibrium reaction
BT 4 Hg (1) @ HgS'
has an ecuilibrium constant

k, = [ luf1-1 = 1324 & L (et i3) .

‘Although this equilibrium constant is large ief
the concentration of mercury (II) is small, there will be
sufficient mercury (11), which is fairly strongly acidic’ 7y in.
th&isolukion to affect the determination of the hydrolysis of the

mercury (1),
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- ‘ It 1s therefore necessary %o take into account

the acidity due to ’che mercury (11) present. A

The hydrolysis ol mercury (II) is given by Hietanen

.
A

and Sillen19_ as ' o PR b

-

= [rgort] » (mg+1-1

il

He?t + H,0 & Hg om* + ®' q, - 0.20 mt (8)
5T+ 250 # Re(0R) v 25 gp= Lastomh 1 (g1 = 0.50 m¢ (9
o ‘ ,./

Rl

Smce the bvdrolys:.s of mercm'y (.L) is small the
only product can he assumed ’co e T-IggOH‘*‘ ie. ”

HE" 4+ B0 @ HepOHF + BF k = [go0m+] b [HggH~2 (10)
Assumi:ngf thet the fcoi‘}ai mercﬁry concentration

i

is y, then
y = [ggt] + [Hg,ﬁCH."'] + ng"ﬂ + [Ez0m¥) "4 {Hg(omg}

Substitt}ting equations (8), (9) ‘and (10) in

this equation, we gel

v = [nght] + [ng] 4 0~ "t 1+ ' [Bg?] + qn? [H2Y]

i

t
¢

(s (l\“»’ kh! 4 k™! (L4 @b 4 w@r?)) Tl
; _n_l\[Hgg'*‘]/ ceesban

) -1
[Hgs™ 1+kh (2224 + ko~ [H2Y] + qn'kg” 'lEgft + ek Legt

e 343 i
R e

AR AN it s
m.}," s e

ragrart




_ vhere Vo= ) ko““‘ (L + o h‘>‘17+ qzh"a)

= ‘[Hg%f*‘] 1+ V)

Yor the coll

(<) 0.8 [ WNa0lo,/He3t HY/Hg (+)

i

we have the equation Y

B = By + By + %% 1n [Eg*] o (12)

i From equations (11) and (12) at 30.0°0

E =T+ By + 30.08 log § — 30,08 log (1) ~ (13)

'

By substituting the value d = 2.53 o'btainad in
the previous sectlon we have from equation (6) (page 7h)

Ey = -0.1321 %

* | Substituting this value in eq}z,‘%‘-;tionj(lB)
(1) *

(i

B = Eo - 0,1321h + 30.08 log 7 = 30,08 log (i . 1)

An arbitrary velue for h 1g taken (say h' = 3,21)

where the hydrolysis of mercury (1) is nogligible. This Falus,

h' = 3.21, and the corresponding values % and V' are then

substituted in equation (114) giving

E' =/ vaenins
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~ 460

B' =E, ~ 0,1321 h' + 30.08 iog ¥y -~ 30.08 log {L +¥') (15)
Zouation (1) is now subtracted from

saguation (15)

B'«E = 0.1321 (h~1h') +. 30,08 log L (16)

T +§T
ie. ’ &
"B' -~ E4+0.1321 (h' - h) = 30.08 log L4V _ BE (a7)
, T+

5 = E' - E + 0.1321 (h' ~h) (17a)
8 = 30.08 log 1 -+ (17%)

AL+

$E is obbained from equation {(17a) for each
value of h and the corrééponding potential, B' is the potential
obtained, for the cell when h' = 3.21. Table 6 shows the values of -

®E for titrabion 5 (cf, Table 5).

In Figure 7 the values obtained for OF are
plotted against log h for sach titration. The curves wers calculated
from equation (17b) using different values for k., The heavy dots

are those valuss quoted by Forsling, Hietanen ang Sillen (ref. 13,

Table 2b).

R © The acidiby / eeveses

T
A e Y a

"
b

)
il
]




RS

‘gz 20} £132Y »
9 W

m S
- v. w.—-
£ "o

Z " L4
L UoIIpJlY o
0=%¢
o Ob%0 =% 2
o9t =% 1

B2 X+

*

-




4—7 o

7 The scidity constan’c x, for mercu.?fy (I) cem De .
calctﬂa’cec. fTor each individual reading by rearranging equa’olon (15)

-These values are shown in Table 6 for titration 5,

3. Discussion, i\

As pointed out by Forsling, Hietaneu and Sillen! 3 ﬂ
previous inveé‘tigators failed tck)‘ teke into account the efx“ec"b of the‘ /

acildity of mercury (II) when determlning tle h;y'drolysxs af mercury (I)

Thus the velues quoted for mercwy (1) are often high. In F:Lgure 7 ’oh.e
effect of the hydrolysig‘ of mercury (II) ié shown hy cw:ve 3 ‘ié. when

no hydrolysie of mercury (I) occurs (k = 0),
o

- As can be seen from Figure"?* the values of ‘5E‘,’ [

plotted agalnst log h, are groupedwarourd tha curve dahulaﬁed for

el B L a0 St g e e :{g‘.;,‘_,,‘:,;__:_;—.;?\;,
A o b i et » g SO

RN PO ol Ao e

; k=16 x 1070,
‘ Althouzh good agreément is obtained bebween the i ,
: values of k ealeulated from equation (15) for the individusl readings -
‘ V' of each titration (ef. Table 6), the correlation between successive ; |
titrations is fairly poor. ‘ I
This lB,Ck / .‘!""‘j";“ - ‘ %
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"f‘ a Iy ‘l
the present work was 107 501220912 mne better correlation in this

T i

This -lack of correlation could be attributed to the

inacchrgcy in a,ttaining the reference hydrogen ion concé.ntration eiactly'

N

equal %o %.21 mM and the éofresponding ‘}inaccuracy in the reference

I i
y

potential of the cell., The low values obtained for mtramon l; could //

be attrlbuted to these effects. //
‘ //

mhe hyd;rolysn_s constant cannot be determined *u,/“th
very great precision by this method as the effect of the hydrogen ;?;pns,

liberated by hydrolysis is not teken into account. , f i

The hydrolysis effact at the higher hi}dicogg/ﬁ ion
concentrations is small and consequently no reliance can be pl;fced' on.
the values for OF when the hydrogen ion concentration is ,greaj?}er than

l L] 50 mMo ' R - ‘f/;}/

SR

Better ag:ceement is . obtained between ﬁhe individual
results of each titration than was obtained by Forsling, metanen and | &
Sillen. Figure 7 shows the relation Detween their rgsults (derk dots)
uad the present work., A better overall cbri‘elation was//’achieved between |
the valuss of k of successive ti’o.fations than was indigf;fed by Forsling,

Hietanen and Sillen, who obtalned k ' wherseLs the value in

. 3
work can / sosrwe. ‘ }
4
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work con be attributed to the more precise evaluation of the liquid
Junction potential, ‘

' The higher valus for the acidity comstant in -

this work is probably due to the higher termperature used.

5

s B T
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T




it )

1“; 500 . o . 5
c. gydrolyals of SllVer. T
1, Procedure. : o | - o
e o o

f{ CLV v R ! s
; " The tltration me thod of Slllen was used in an

;tw 7 attempt‘to‘measure the hydrolysis of silver 1ons.

. The concentrations of the solutions used are

given in Table 7. These solutions were preparedvfrom stoakﬂsolqtioﬂﬁ\\;

1
b - 4
)

and analysed as before. - - . ﬂ

4s the changes in the hyérogen ion concentration
were found 6 be less then those experienced with mercury (I),the

glass electrode could not be used, The titration was therefore

vt o el e

carrmed OUo as in the prev10us section using the cell

-

(?’ P : , “ -
{-) 6.E. -/ Na0lo, 7 [ooahE ] kel

§ 1 e st i e

The equation for this cell at 30.900 is

E = Eo+3X; + 60,15 log [ag"]

o \ . The silver electrode was of the same type as

those used to determlne the lignid gunction Dotentlal in section A,

\

The electrode oroved to be very accura tp and reaﬁable.

M. e e e 0
(et chfbe

4.."3 Oleateiy / oocwecl’,

52
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betveen a@dltlons of reagents before the notentlal was' determlned to

o ey

alldw the test solubion to attain equilibrium,

¥

2, Results. S o

From equation (6) (page 3h)

Ey = - £0,15 dh
2.303 N
LUR
= - 0,1269 h
where d = 2.43 obtained previously.

The cell equation
E=F, + By + 6015 log Lag"]
cen be rearvanged %o

B4 01269 B = B, + 60.15 log [ ag*]

Table T shows the Value of the potentiai after
correc’w.ng for the liquid junction potentlal. The last two figures
in the wlkallne reglon, could not be adjusted as the dependance of
the liquid Junctlon potentlel on the hydro:x;srl ion conce.ntra’clon was
no# knqwn..‘ ,

As can [ eeeveee

Approxzma‘belv ten minutes were allowed to lapse ,




Table 7.

“_gpos1tzon of Solﬁxzons‘r e oy

81 500 liO“d,, lve 00 M (25,0 mls) -

Sp 500 mMOLOTy 3% mam" (23,5 mls)

S5 500 mi107y wm« m“ . 5.03 migh

T
AP (PRl P P

A it T A A M A I

o | Us.es 370,23 | 370,90
2.0 TR 3;‘{(0,3% 370,90 =
~ho 3.68 | 370 ’370.92" o
6.0 2.9 | 0.5 | 310.93
8.0 2.30 | 370.62 - 370;91
-10.0 ) 1.69\ | 370;69 370.90
uo | n3 | 303 | 0.
12.0 Lol | 37076 | 370.9 o
13.0 0.84 370,79 | 15370,90 -
1k.0 0.57 370.8% | 370.91
15.0 0.1 | 3r0.89 | 370.92
15.5 a9 _ | 3.8y | 3r0.: .
160 1 0.065 "‘370{59 15 T R o *}

“16.2 ‘ o,mj | 3089 | 310.89 " .

¥, S
sk

Do

o

il

S N O A B g R P DT

’w,‘-,ﬁ,n:—-A v

16,4 | 0,032 mHOE"| 370.89 -

16.6 0.129 mioE"| 370.80 ‘ ~
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52’9

KN’

, As can be seen the adjustedrValnss for the cell
potentlals remair constant until the alkaline region is reached.
Precipitalion sterts af, this ﬁbint. There thus sppears t0 be no

indication of‘hydrolyéﬁs of silver. " v “ o

Assuming thet maxizmm solubility of the precipitate §
ocours at 0,032 m in OH” ie, just before the potential of the cell

- changes rapidly, the solubility ngQﬁzﬁicgn;be‘eﬁaluate&. Thus
‘ N ,

Ve

So = [ agr]l om~]
3

g x 10" 8

"

i

~7,10

ie, pKSD
ihis velue sgrees closely with those quoted in

the literature’ b o

' - pEg obtained from other hHitrations rangsd
0 : , :

between 6.8 and 7.2, : - - :

i
|

’Sillen% method for the dete%mination of

‘3, Discussion. , “

hydrolysis constants is not sufficiently sensitive for the

determination of / seveses




53, ff

™

3]

determ:tna*lon of the I‘rydrolysis of silver iozms. The effec’c is very

$@mall . and has Dbeen mvestlaated 'by a fey wark:e»rs us:.ng rather

indirect methods. 7 "he values obtained show very poor agreamen’c

The present investigation is inconclusive, and no conclusions can e

. drawn Tegarding the existé}:acs of the AgaOH™ ion as claimed by

Johns’oone, Guta and Garre’ot emongst others.
- N }\\
A N
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