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1 . AB~REVIAT ION;) , SD"BOL-'} AND UNITS . 

• 
The following are used throughout the text. 

nm/cm. 

a 
c 
m 
D 
do 
E 

Kw 
R 

s 
T oc 
Q 

Zi 
Xi 
~j 
~~. 

~lt._c 
1\ 

" )k 

nanamho per centimet~r - 10·9 

/ohm em 
activity 
molar concentrPti.on 
molal concentration 

- demal concentration 
density of water 
electromotive force of cell i n 
absolute volts 

- Standard electromotive force 
- liquid jun~tion potential 

Fs.reday 
frequency 
thermodynamic equilibrium 
constant 
Ionic Product of water 
Ga .·, Constant 
or , Resist ance in ohms 
~olubility 
absolute temperature 
degrees centigrade 
cell constant 

valence of ionic species i 
molal ionic activ ity 
coefficient of ionic Bpecies i 
molal mean activity coefficient 
specific conductance of a satu­
rated calomel solution 

- specific conductan0e of water 
equiV8lent conductence of 
electrolyte 
equivalent ionic conductance 
ionic strength 
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2 . INTRODUCTION. 

After the publication of the paper by Gledhill and Malan 

(1) in which precision conductance techniques were used for 

the first time in t~e determination of the solubility of 

silver chloride , Dr. N.H. Perton of Christc~urch College, 

New Zealand, wrote to G-ledhill and suggested that the sa.me 

metho<ls might be rewarding if applied to the determination of 

the solubility of mercurous chloride . 

A revie-;.! of the Chemical 11 tera.ture showed that the velues 

for the solubility of mercurous chloride were not at all con-

sis tent . 

From the electrometric titration of potassium chloride 

solution with a mercurous nitrate solution Behrend (2) in 1893 

calculated the solubility of calomel to be 2 . 1 x lo- 4 gm/litre 

In 1903 Sherril (3) gave the solubility of calomel 

as 4 . 7 x 10-4 gm/litre at 25°0. Ley and Heimbucher (4) meas-

ured the e. m. f: s of t vro cells which cons is ted of the combine.tion 

of 0 . lN mercurous perchlorate solut:tons ui th a 0.1 N and a 

1.0 N calomel electrode respectively. From their results 

they calculated the solubility of mercurous chloride to b~ 

3.8 x lo- 4 gm/litre at 20°0 . In 1904 Saner (5) , as a result 
J of his work on the e.rn.f . s. of calomel electrodes , found that 

mercurous chloride was 10% more soluble when finely di vided 

than when coarsely crystalline . Kohlraush (6) found the 

specific conductance of an aqueous solution of mercurous 

chloride to be 2 , 130 nm/crn. at 24.6°0. (l nm/cm.: 1 x lo- 9 /ohm. 
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em.) From this he celcula teo. the solubility of the salt to be 

2.8 x lo-3 gm/litre at the above temperature . 

The VElues found in the literature f or the Solubility 

Product ( Ks) of mercurous chloride are Just as discorclant . 

From 'figures given by Ley ancl Heimbucher (4) for the concen­

tre.tions of Hg.t+ ions in KCl solutions 8t 20°C. Ks is found - .t. ~ 

to be eq_us.l to 2 x lo-18 and 3 . 5 x lo-18 e..t ionic strengths 

VU> 0.1 end 1.0 respectively . According to Kohlrausch (6) 

the solubility product is 8.4 x lo-16 at 24.6°0 , as deduced 

from his conductometric measurements . Brodsky (7) , from 

e.m . f. measurements on mercurous nitrate solutions calculated 

Ks to be 1.15 x lo- 18 a.t 25°0 . Determined by the O"t-1en Cell 

(8) method Christensen (9) found Ks to be 5.3 x lo-18 at 25°C . 

Under the experimental conditions of 25°C , H+ ion concentration 
; 

( c ,.. .. ) = 0 . 01 molar and ionic strength 0. 5, Sillen, Jonsson 

and Qvarfort (10) deterMined Ks to be 1 . 32 x lo- 17. 

When mercurous chloride goes into solution re h.eve , as a 

result of d.issociation, hydrolysis and complex· ion formation, 

the following equilibria existing:-

( 1) Hg C l (. ) - Hg2 + 
2 2 s ~ 

(2) Hg2+ + u ng(s) 

+ HgCl 

HgCl 
2 

+ 
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( 5} Hg2-t- 1- 3Cl- H Cl-g 3 

(6) 
2+ 

+ 4Cl-Hg HgCl = 
4 

(?) H 2+ 
g 2 -+ H

2
o Hg

2
oH+ -+ H-+ 

(8) Hg2+ .... H
2
o HgOH+ + H..-

{ 9 ) .Hg2+ + 2H
2
o Hg(OH)

2 + 2H 
+ 

Since the hydrolysis· of the Hg2tion is a small effect i t 
2 + 

is assumed that the only product is Hg20H . (11) . A 

s£tureted calomel solution hence contains nine different 

ionic species . two undissociated mercuric compounds and 

po ssibly mercury as well . 
, 

From electrometric mep.surements Sil len and his co- workers 

(12) determined the equilibrium constente of the nine above 

mentioned equilibria. These constants were , hor.oJ"ever, only 

valid under the special conditions of their experiments , 

namely , 25°0 and ionic strength 0 . 5. 

The object of the present tr/OrJ<. was to endeavour to 

determine the various ionic and molecular concentretions 

present in a saturated calo~el solution et 25°C and so determine 

the solubility of calomel in cono.uctance weter. The analysis 

of the saturated calo~el solution at 25°C was Cerried out in 

three indepennent st~ges ; (a) determina tion of the specific 

conductance, which we.s e. mec-sure of the ionic concentration of 

the solution ; (b) measurement of the pH which geve an indica-
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tion of the extent of hydrolysis; and finally, {c) the 

determinetion of the total concentration of mercury salts 

in solution . It 'iras thought that the combination of the 
"' I , e.bove three experimental results with billens equilibrium 

constants , corrected. to infinite dilution, ;ould lead to 

the solution of the problem. 
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6 . 

SPECII<'IC CONDUCTANCE OF A DATURA'fEJ.) ·.:OLUTION 
OF' tvfEHCUHOU '.; CHLORIDE AT 25°C. 

3 . 1 QU •rLINE PT D THEORY OF METHOD, 

The classica.l m · t hod of det-=rmining the solubility (S) 

of speringly soluble salts by c;mrtuctometric mP-thods is by 

using the equation 

s 
. • • • . • . • . . ( 1) 

1000 --
A.s 

where'/-. is the specific conductance of the saturated solution 

and /\sis the equivFlent conductance of the salt at concen-

tration s . Due to the presence of ions other than Hg2.,.. 
2 

and Cl- ions in the solution es the result of hydrolysis c:nd 

complex ion formation the above equation (1) is , however, not 

applicable in the cese of mercurous chloride . 

The accurate determination of the speciflc conduct~nca 

of e saturated calomel solution was nevertheless an excellent 

meesure of the totel number of ions present in the solution. 

\"J e have : 

iooo- ( cH~~~~~ + ccc.-Aa- + CH.t~~Ht~ + c"':f,.., A H~~-~ 

+ a., .. 011.A~,+ + c~<R/''¥/ c,.,ct; ~ 
. • • .••• ( 2) 
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'ltrhere c denotes molarity cmd 'A equiVFlent ionic conductance . 

The specific conductence of an electrolytic solution 

is calculated from the equation 

= ~ R 
• • • • • • • • • • • • • ( 3) 

where Q is the cell con8tent and R is the resistance of the 

solution. 

To obtain the conductance due to the electrolyte elone 

we must subtract from the 8bove value of ~ the specific 

cond.uctancP due to the solvent itself. Hence to be eble to 

apply the solvent (wstter) correction , it 7 i aS necessary to 

meke a. separate determinetion of the conductance of t he water 

which w·as used to prepare the electrolytic solution. 

Theoretically the only ions present in pure conductance 

w~ter are hydrogen and hydroxyl ions which result from the 

ionisation of water molecules 

Kw -- - 1.008 X 10- l 4 

where Kw ie the Ionic Product of water and a denotes activity. 

Assuming the activity coefficients of t he H~ and oH- ions to 

be unity at these lo~ concentrations 
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Kw 

= 1 . 004 X 10- ? c • • 

also 

0 

1\H = .10 

548. 2 

where /\~~is the limiting equ.i vel~nt conductance of w·::-ter. 

With these values ~ cen be C?lculated from 

/\_
0

~&o~x--_c.__.x._ __ d~a___ 
1000 

where do is the density of water et 25°0. 

the velues of/\~~ · c end d 0 we obtain 

\0 _ ,55 nm/cm . 
d\H.LO 

. • • • . . . . ( 4 ) 

On substituting 

h l I 1 X 10- 9 / ohm . CJ"' . w ere nm em.:. .• In practice , however, 

the above ve.J.ue for ~~~~0 is as yet unattainable. J-{ 11.1-
0 

for the 

conductance water used in this "'rork varied from 65 to 85 

nm/cm. Hence 10 to 30 nm/cm. of the conductpnce to~e.s attribu-
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ted to impurities other then H+ and OH- ions . (13 ) . 

Consider now a saturated ce.1oMel solution at 250C which 

is of pH 5 . 125 (Bee c3ection 4.41). At thi s hydrogen ion 

concentr~tion the ionisation vf water i s depressed and hence 

~ll.a.o is diminished. 

pH . - 5 . 125 ? . 5 x lo- 6 mole/litre . 

KH -

1 . 3 x 10- 9 mole/litre . 

i . e . 1 . 3 x lo- 9 gram equivelAnts of 1>1ater _per litre ionise . 

\) 

J\&9 X C X d o • • • • • • • • • • ( 4) 
1000 

- o. ? nrn/cm . 

~ 1 nm/cm. 

i.e . ~ .. has decreased by 54 nm/cm. 
"~0 

Therefore when using 

water of say cK. = ?5 nm/cm. in the determina·tion of the con-

ductance of a saturated calomel solution, the solvent 

correction is not ?5 but ?5- 54 , i.e. 21 nm/cm. It l>Tas 
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assumed that the remaining impurities in the water were 

unaffected by the calomel. 

3 . 2 . 

3 . 21 

DESCRIPTION !~TANDARDI ~:.ATION AND 
CALIBRATION OF' A~->'PARATUS . 

TE'.fPER.ATURE CON"'f.H.OL APT:>ARATUS 

All apparatus used in the conductance determinations was 

housed in a constent temper~ture room which was maintained at 

A relay controlled the room heaters and when the 
ed. 

external temperature excee~24°0 ( i . e . during the summer months) 

refigera.tion was used to keep the ternperature dm·m . 

The paraffin oil thermostat in which the conductance cell s 

were suspended , was surrounded by a water thermostat which was 

maint~ined Pt 25 ~ 0 . 01°0 . A thermomete r , calibrated by the 

Na t ione.l Physical Laboratory, Pretorie , ')Ias used to measure 

the thermostat temper~ ture . 

3 . 22 BRIDGE. 

The conductance bridge used in this work was built on the 

lines suggest ed by Luder ( 14) but the components were mounted 

so that ell the controls ltrere brought out on one frot1 'i:; :r:~.1.z-::. . 

As the accure.cy of the determination of the specific conduc-

tance of a s ~ turated calomel solution was found to be 

approxime.tely 0 . 2.% it wa.s not necease.ry to recall brate the 
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bridge resistences , es Uhey were General H.adio d.ece.de 

resistflnces , T·rhich e.re guaranteed to an accuracy of 0 . 1%. 

When the bridge is ba.lanr:ed we have 

. . . . . . . . . . . . . . . (5) 

where R
4 

is the resistance to be determined, R3 the resistance 

a.s rea.cl off from the va.riable arm of the bridge and the term 

p2c2R
3

3 the cepaci tance , uhere p r: 2lff , f being the frequency . 

'l'he above equation is derived else\orhere (15). I t was found 

in pra.cticE", however , that the norrection p2c2R'g was 

insignificant and it was hence ignored. 'l'he bridge was 

therefore direct reading , the unknown re81stance being equal 
' 

to the rP-sistpnce of the veriable arm. 

The bridge was balanced with the ratio arms di rect and 

then again with them reversed - the oscilletor leads were 

then reversed and the procedure repeated. The arithmetic 

mean of the above four readings was taken as the correct 

resistence. (R4 ). 

As the solutions used in this work had high resistances, 

3.2 x 104 to 1.4 x 106 ohms , the polarisation correction {16) 

t'la.s negligible and readings were therefore teken at one 

frequency only (1 , 000 cycles/sec). The resistances of the 

bridge and cell leads , b~ing of the order 0.2 ohm, were also 

ignored. 
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3 . 23 CONDUCTANCE CELLS. 

The 1?yrex conductance cells used are of a. type 

de s igned to minimise the Parker effect (1?) and also to 

allow a~ream of gas to be passed through, or over , the 

contents of the cell ·men 1 t \'ra s suspended in the thermosta.t . 

A diagram of a cell is given in fi~ . 1. The v.as enters the 

cell via the capillary A, bubbles through the solution 

contained. in the body of the cell and escapes into the 

atmosphere through the neck B. If , at any stage of the 

experiment it is not desired to heve ga s bubbling through 

the cell contents , back d.iffusion of atmospheric c erbon 

dioxide into the solution is prevented by passing the gas 

through C instead. 

As a long time ~.v-as reqnired to l et?. ch out a cell after 

it had contained a n el ectrolytic ~;elution , t v10 cells t1Tere 

employed in practice : one to mee sure the conductance of 

the water· used in the experiments and. the other for the 

determination of the conductance of saturated calomel 

solutions. 

A fully deteiled descrip tion of a l l the above apparatus 

is given by Gledhill (18) in his M. Sc . thesis. 

3 . 24 CELL CON!~TA.NT OF 'r !fE CALOMEL CONDUCTANCE CSLL. 

A solution which contained 0 . ?4563 gram KCl (pur ified 

as described in section 3 .32) per 1000 grem solution ih 
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'l•he s:...~"'cific conO.uctFnce 

of tl-1~ 1\Cl in such t~ soluti,..)n is o . ovl40877 /ohm. cm at 25oc , 

according to J l'mes End B:redshaW' ( 19) . 

The :r·ee:is tencP of t~v:. cnnt'tuct~ncP cell fillP.rl with this 

solution •taco t:ccurfltPlY Mf.'ssured 2-t 25°0 on thP. JteurP-!+oO.dPrd.. 

bridRe (80), et f1ve uiffPrPnt frequencies . namely , 1P50, 

1300, ~oo , 650. and. i)uu ny~les/eec . 

;vurif'ied f'ir Ht~!S psesed throuph tl-te Cf:-11 to remoVP- all 

clissolVPd p.;ase£! . 
. 

lec;ds were taken to be 0 . :~74 ohm ss d.etermineri brA. l'ru;re 

(20) Fnfl o . 227 ohm as deltP.rtninerl by ~;. lan (1.:.:) l'PSpect1vPly. 

'11he CPll resistencPs meFsu:r~ed • 1th tne bridgP werP hence 

corrected by thP.ee ~mounts . 

~:ro detF"·rm1nP th~ polFri.aFtion corr?.etion the mt:>thod of 

cfones and Cn·~t '1t iPn (16} fj8P. follo·-red . The r.-ei st~mceo ( l) 

were J: lot'ted 5P'f-1n.st ; -! wh.erf" p ;JR'f ?nd f is the :rrecuency 

to inflnlt~ f :rP.quP.ncy , T<fhieh c~ me to 8~? . 92 :t 0 . 02 obm, 'IBS 

t.aken ea thP. true reristence of the ;{Cl ("olution ~t 25°0 • 

.A.f' the epec1f1c cont.Iuct£~nc.:- ,> f th~ \t8 ter us~d. was 

90 n111/c'Tl . tl-tP conductFnce of t"lf" 0 . 01 rlP."!\~1 KCl solution !>tEte 

( • J. 00140877 + 0 . 000()0009 ) /ohmf' . Cl!! • which to thP nF?Prf'st 

\11hole fifth !=;1t;nif1c~nt figurP CErne to u. 0014089 /olw· . r.m. 

The cell cons tr. nt Q wa.l:' cc- lculAted. froM t!-te rele tion 
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• . • • . . • • • . . • • • • • ( 6) 

= 0 . 11823 :t 0 . 00002 

This was in good agreement l li th the Vc>lue 0 . 11820 ± 

0 . 00004 as determined 'by M81Bn (13) for the same cell. 

3.31 CONDUCTANCE ATI'GR. 

All conduct_ance weter used in tl-JJ s work vas obta.ined 

from the autometic recycling s till developed in this 

laboratory. The "t!ater is distilled in t1.,o stages : the 

fi~st from eLlrs.line p!=!rmangenate which reMoves acid e nd 

destroys any organic impurities present in the FB.ter ; the 

second from a phosphoric acid solution which removes the 

alkaline impuritie$ - mainly emmonia. 

'l'he ~~e.ter was collected and stored in well- leached 

2yrex flask s . It we s found that t here w~s lit tle or no 

increase in the conductance of the water l'rhen kept in 

these fla sks over a period of several d~ys . 

A dets.iled <l escription of the still c-ppeers else­

i.._rhere . (21) 
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3 . 32. 0, OlM POTAr;·· ruM CHLOHIDE SOLUTION'> 

In making up the 0 . 01 molar KCl solutions used in the 

preparrtion of the Hg2c12 (See section 3 . 38) Kahlbeum 

A. R. KCl 1-ras used. ~or the determination of the cell 

conste.nt , ho-..Jever , the A. R. KCl wa.s t wice recrysteJ.ltsed end 

then heated in e. platinum boa.t for 45 minutes at 55ooc in 

sn atmosphere of de- oxygen&ted and dried nitrogen, to 

remove all traces of moisture fro~ the S£lt . IJ'he KCl 

solutions were prepared by weigh ing , all weights heving 

been corrected to va.cuum. 

3 . 33 . \(ERCURY. 

Mercury , under dilute nitric acid , Bas subjected to 

aspiration of air for t wo days . It t·;e.s then ~;ashec't t'li th 

conducta.nce vater , dried ana. t-r·Jice distilled under reduced 

pressure - the head and t e.il fraction:: of each diAtillation 

being rejected. 

When the pure mercury uas to be introduced into the 

conductance cell it was in addition ~sshed 50 times by 

dec ante tion ~·ti th con<luc tence Trmter. 

3 . 34 . }t;ERCUROUG NITRATE. 

Crystals of mercurous nitrate were obtained by the 

action in the cold of 5N A.R. nitric acid on mercury. 
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(It \"/S,s found that when the acid was much below 5N, A. g. 

2N , the reation was slo1tT with the simulta .. neous formetion of 

the yellow basic nitrate . ) The salt was recrystellised 

from 0 . 6N nitric acid by slow evaporation , dried and stored 

in the dark over silica gel . 

Approximately 0 . 01 molar solutions l~rere prepar~d by 

weighing end adding just sufficient nitric acid to prevent 

t he ~recipitation of the yellow basic nitrate. The solu-

tions \-lere lcept in t he da.rk and f ound t o be quite sta.ble. 

3 . 35. !<1ERCURIC OXIDE (HgO) 

FolloHing the instructions of Schoch (22 ) 100 ml. of a 

hot solution of 1 par t of mercuric chloride in 2 parts by 

weight of \>Te ter t.ra s gradually added to 500 ml. of a hot 

solution of 1 part of potasPium hydroxide in 2 part s of 

wa ter, a nd the ~ixture was then boiled under reflux for 

f'1 ve hours . The orange mercuric oxide precipi te.te was 

\!.re shed by dec ~· ntat .ion 'hTi th conductance wa. ter 40 times . 

3 . 36. HEH.CUROU::l PERCHLOR_-4. TE ( Hg
2 

( ClO 
4

) 
2 

4H
2
0) 

The mercurous perchlora.te N&S prepe.red according to 

Chikashige (23). Mercuric oxide wa.s triturated in a. glass 

mortar with 20.% redistilled perchloric acid till the solution 

became turbid. The solution was filtered through a sintered 

glass filter funnel , a few drops of perchloric acid added 
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(to prevent the formation of t he basic perchlorate) and 

then shaken vigorously with excess mercury for fifteen 

minutes. CrystalliRF.tj on 1·re i. inn.u.ced by ev?poreting off 

the \'lB t er in a ve.cuum. The cryst F. lS W€re stored in the 

dark over silica gel. 

The 0 . 01 moler mP.rcurous perchlorate solutions were 

prepared. by l·Ieighing. Approxim~tely l ml . 201 perchloric 

ecid end 0.5 ml.of pure mercury 1·1ere ad.ded to the solutions, 

vrhich ~.,ere kept in the dark. Under thP s e conditions no 

decomposition of the mercurous perchlorste was observed. 

3 . 37. <JTP.~DP:l·WI )ATION 0F Tra~ l~ERC lJROU!:~ '·'ALT 
'{)LUTIONf) , 

As mercuroue nitrate and mercurous perchlora te ere 

deliouescent the 0 . 01 M solutions could not be accurately 

prepared by weighing in the norm~l '!fray and hence it was 

necess ary to anc>lyse the solutions after they had "been made 

up. 

At first the Hg was determined by precipitating it as 

Hg2Cl2 according to Hillebrand (24) but , possibly due to the 

slight solubility of Hg
2
Cl2 , this method gave low results . 

The determins.tion of Hg by electrodeposi tion we.s found to be 

more reliable. The method given by Dcott (25) was used, 

except ths.t a thin la.yer of copper \lras first deposited on the 

cathode to facilitate both the deposition of the mercury and 

its removel afterwards . 
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3 . 38 MERCUH.Oll . .i CHLORIDE . (Hg2Cl2 ) 

The method followed for the preparation of mercurous 

chloride wa s similar to that used by ?-falan (13) in his 

prepar8tion of silver chloride . 

The 0 . 01 M Hg2 (N03 )2 (or Hg2 (Clo4 >2> solution w·as 

added dropwise from a burette to 50. ml. exactly 0.01 M 

KCl solution ,..ri th constsnt shaking until equi vc-lent 

amounts w~re present. The mercurous salt solution 

was added slowly over a period of 45 minutes . 

Precipitation was cerried out in the cold. 

The precipitate was then digested for t wo hours 

on an electric heating mantle at 45°C . (According to 

Berthe (26) t he conversion of Hg2c12 to HgC12 by water 

occurs above 5o°C. ) The digestion f~vours the growth 

of larger particles at the expense of the smaller ones 

and in this way adsorption is reduced to a minimum and 

the precipitate is also easily washable. To ensur e 

the complete removal of ion~ foreign to the Hg2c12 

lattice the precipitate was \-va shed at least 50 times 

with conductance wa.ter. 

Vogel ( 2?) found that Cf\lomel kept under 1·.rat~r 

bl&ckened when exposed to light . It was found in this 

"~ork , however , that no such change occu~ect when the . 1\ 

cBlomel, preps red as described above , ;,,as kept under 

WEter and exposed to light for several '·reeks. Accord-

ing to Hada (28) the d£rkening of the precipitate was 

more repid if KCl or HCl were present. 
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It therefore seems that the celomel used by these workers 

~as not entirely free of foreign ions. 

0 . 39. NITROGEN FOR BTIRRING CELL COWJ.1ENT~) . 

Commerc18l dry n1 trogen 1r:es purified. by passing it 

through a train cons1Stinp; of red. hot copper filings in 

a silica tube to remove traces of oxygen; concentrat~d 

sulphuric acid bu'bblers to dry the gas; severe.l U- tubes 

containing soda lime to remove carbon dioxide and acid 

impurities; a U- tube filled with solid meta phosphoric 

acid to remove tre.ces of smmonia and e.lkaline impurities 

and finally bubblers containing conductance water to sat• 

urate the nitrogen with water vapour at 25°0 before it 

entered the conductance cell. 

3 . 4 . 

3 . 4 1. 

EXPEHIY..1EN'1'AL TECHNI QUE 1 REDULTS AND DISCU.S·~ION 

~-1EAl';UHEM1i:NT or~~ THE SPEOI!c'IC CO NDUC'l'ANCE 01<., THE 
• CONDUCTANCE WATER ( /}'( H~ ) 

Approximately 300 ml. of conductance "';ater ·-ra.s placed 

in the conductance cell which was then immersed to a suit-

able depth in the thermostat. Volatile impurities , mainly 

co2 , were removed from the conductance l·rater in the cell by 

bubbling through it a steady stream of purified nitrogen. 

The cell resiste.nc~ , it.rhich was measured et rF>guler intervals , 

was found to rise r&pidly to s maximum, Ffter which it 



FIG.2. GRAPH OF RE S ISTANCE AGAINST TIME 

FOR CONDUCTANCE WATER AT 2S°C . 
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dropped et a slo"tor ancJ regular rete due presumably to 

the continual solution of glass from the cell 1·:alls (13) . 

The rate a.t which the conductance rose due to the solution 

of glass varied from 0 . 3 to less than 0 . 05 nm/cm/hour 

depend.ing on the bubbling r a te and on how well the cell was 

lea.ched out . 

A typical plot of re s istance (R) ag~inst time (t) is 

given in fig. 2 . The re s ist.?nce R~ obteined on extra-

:Poleting the linear slope CB to time t= 0 is a esumed to 

·corre spond to the resistance vJhich the cell rould have if 

all the diss olved gases were re1n.-·1ved from the 1t1ater end no 

gle.ss from the cell ,Ja.lls h e d entered into solution. 

As the resi stance of the water was too high for direct 

measuremPnt on the bridge a 10 , 000 ohn'l resiste.nce was connec-

ted in pa rellel with t he conductance cell end the resultant 

resistcnce measured (R4 ). The specific conducte.nce ( 't11'"0 ) 

1.;as calculated from the equation 

Q(R s (7) . . . . . . . . . . . . . . 

where ~ is the cell constant , R8 the shunt resi s tance and 

R4
1 

the extrapolated value of the resistsncP. of tlle shunt 

and cell in parallel. 
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FOR SATURATE D CALOMEL SOLUTION AT 2S°C. 

c./) 

I 33400 9 
2 
0 

z Re 

~ 33200 
z 
-<( 
1-
<f) 

lf) 

w 33000 
C!: 

A 

32800 0~------~5--------~~------,~5------~20~----~25 

TIME IN HOURS 

FIG.4 .. GRAPH OF RESISTANCE AGAINST TIME 

FOR SATURATED CALOMEL SOLUTION AT 25° C. 

~3340 N------------------------------------------
2 
0 
z 

~3320 
z 
~ 
If) 

lf) 

w 330 
a: 

10 

F 

0 

20 30 40 50 
TIME IN HO'JRS 



21. 

It was f ound tha t the addition of approximPtely 0 . 2 ml . 

of pure mercury to the water in the conducte.nce cell did not 

alter the conductEnce of the water. Hence no ions are formed 

in any epprecisble amount when mercury is added to pure water. 

3 . 42 . ME.ABURE~.fENT 01•' Tf-l.E ~>PECIF'IC CO NDUCTPNCl!: OF' A, 
SATURATED CAL0!4EL '~OLUTION AT 250C ( }( !4.{~ 

The technique employed was similar to thPt dRVeloped by 

Me lan (13) in his work on silver chloride . F'or epch deter-

min?tion of' ~c..!. the conductance cell , containing r-pproxima.­

tely 250 rnl.of conductance water with Hg2c12 in suspension 

was ple.ced in the thermostat and purified ili trogen t1as bubbled 

through the cell contentq • 

. ensure that a perceptible exces of solid celomel •:ra.s present 

when equilibrium was etteined. Thus the possibility of 

supersfturetion was avoided . The specific conductence of the 

wa ter used in e r- ch of these experiment s was separately deter-

mined so that the solvent correction was known . 

The cell resistance was measured at regular intervals 

over s period of 8pprox1metely 24 hours. A typical greph of 

resistance ag8inst time is given in fig . 3 . The portion AB 

of the graph corre sponds to the removal of dis~olved gases 

resulting in the rapid rise in the cell r~sistence . The 

curved. drop BC is due to the continua.l solution of Hg2012 
and gless frolTl the CE=!ll we.lls while the strPight line CD 

corresponds presurne.bly to the solution of gl ass a nd. ion exchenge 



bet,Pen thP ions in the solution and thn~e from the 

>yrex E?;le ss • At the ) Oint C thPre~lrP the solution is 

co<npletely r.~tureted '11th Hg2 C12· 

It wAs founrl th8t the ,;rpcJient of tht? linP CD ( fip- . 3) 

de.;ended on t h .c bubbling rPte End on how t-I~ll tr1e cP~l had 

tJ;rc:dusl incre SP of conc<uctFnOP of thf' solution in the 

probc.bly due to 1on exchFnge (1:3) , the roo t li':~ly ex.chf'nge 

bE"inp; b~tween thP feot 1'!lC)V1ng H+ion ,.. "hich f) re reedily 

Edsorberl on thA p;lacs ¥P ll ·· , end th~ alo•rer movinr; ions 

fro thP soluble con!!lti tttente of the Pyre-x gl£-'s~;; . On 

cornpFr~ing th@ ~ork done on neutrel 8Flt~ by othPr 1nvPs­

tige.tors in thi e lab orR tory 1 th thP prPf!P.nt ~rork on 

Hg2c12 1 t :i'a~ foun·i that the> p,r8d1ent of the line CD es 

much gre~ter in t.,_P cpse of Hg2012 than it w&s for neutral 

. .:i~l t < Guoh EtS KCl end Ap;Cl und"r s1l"l11Fr condi t1ons . The 

9lopPs for Hg2c12 solutions veried from 1 to 12 n111/cm/t1our 

as ~gF1.nst 0 . 3 nm/cm/hour for AgCl . (13) . Ae th.e pH of 

a seturet~d cf'lonel solution Ft 25°0 was found to b~ 

5 . 125 (See section 4 . 41) it · ould be expPct~d th t, due 

to the higher H+ion concF.ntrEtion , any ion f!.Ychenge in­

volving h+ions would take place et ~. much great~r r8te 

thsn in thta. ce:~f" of s n~utrEl solution. This was thought 

to 'be the resson for t he greBter slopes observed in the 

cese of Bg2c12 • 
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When repeating a determinE' t1on of Jf. vJ.. , using the 

S?rne Hg2c~2 as used in t he previour; determinetio·n, by 

pouring out of the cell as ~uch es possible of the 

saturated .solution and t hen refilling the cell with 

conductance wa ter , 1 t ~-:a.s f ound the t the gradient of the 

line CD was a l ways con8iderably grea.t~7r during t he second 

tha.n during the first de termination, in spite of the fact 

that the bubbling rates t-rere the same for both experiroAnts . 

On doing a third run on the sa~e Hg2c12 the slope wa s even 

gree.ter. The finEl resistance of· t he Cflomel solution 

obtained on extr&polF~ing DC to time t=O was a l ways found 

to be approximately () . 3/t lo~ier than the value for the 

previous de termination. Jhen , however , i ns tead of just 

pouring out the saturated calomel solution from the cell 

the solid undisf'olved celomel was also removed and both 

the cell and the cs l omel re,.,eshed several time s \vi th 

conductance water no appreciable change in the extrapolated 

value of the resistance was found when the determination was 

repeated , with this same calomel sample . The previous 

differences observP.d were hence presumably due to the fa.ct 

that when the second determinEtion was started on the same 

calomel there was approximately 10 ml. of saturated solution 

from the previous run in the cell- it had not been possible 

to remove the se last few ml. without l osing most of the 

solid calomel as well. 

\·fork done later on the determination of the total 
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concentration of mercury pre::ent in a spturated calomel 

solution a. t 25°0 revee.Jed tha.t t here r,ra s some defini t e 

correlation between the grPdient of the line CD and the 

, concentration of mercur y in the solution. It t'l8 s shotvn 

tha.t when a quantity of calomel solution was removed from 

the conductanc e cell the gractient of CD as tvell as the 

concent ration of mercury in solution increeaed. The more 

e l iquots of solution extracted, the steeper the slope of 

CD beceme . When , after some calomel solution had been 

removed , th~ cell was refilled with conduct~nce water 

and allo~red to come to equilibrium again 1 t -,ra.s also found 

that both the slope of CD and t he mercury concent ration 

heel increesed. 

No setisfactory explanEtion for t he above effects 

could be found . An attempt to verify the ion exchange 

postulation was made by testing the saturated calomel 

solution for the presence of Na+ and K + ions , which ~1ere 

the most likely to come from the glf.ss , with the aid of 

a flame photomP~er. · It was f ound , however , that the 

+ + concentretlons of the Na and K ions , if there were any 

there at all , were too low for detection. 

According to the literature (27) calomel was photo­

sensitive end so the preparation of the Hg2c12 by 

precipitation, and all subsequent 't-·mrk , vas cerried out 

in red. light . It vas found , ho .!ever , that the calomel 

prepared in this "t>TOrk undPr~rent no visual cha.nge vrhen it 
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was kept un.der wa.ter and exposed to daylight for several 

weel{s. A number of experiments were conseq_u~ntly carried 

out in ordinary electric light. The constant temperature 

room in which Bll work ~as done , was , however, only 

illuminated l'lhen it was occupied. and hence the calomel was 

never excessively exposed to White light. Under these 

conditions the results did not differ appreciably from 

those obtained in red light. 

We hsve .in the conducta.nce cell as a result of the 

equilibrium 

metallic mercury present. It was thought that the acti­

vity of this mercury might not have been unity due to either, 

some of it d.issolving, or it b~ing very finely divided 

(of colloidal size) which results in a large increase of 

the surface area. of the mercury. The effect of adding 

purified mercury to the ca.lomel solution vres therefore 

studied. It was shot-om that the effect .,,s.s negligible 

irrespective of the stage (i . e. the preparation of the 

Hg2c12 or l a ter) at which the mercury was added to the 

system. From this it was deduced that the activity of the 

metallic mercury , which was present in the conduct.Pnce cell 

due to the ~bove mentioned equilibrium, was unity. If this 
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were not the cese the addition of excess mer cury to the 

f! ystem , which •·muld then definitely make t he activit y of 

mercury unity , woulo. heve di s turbed the existing equilibri a 

and hence caused a change in the conductance of the solution. 

The resistance obtained on extrapoleting DC to time 

t =- 0 (point Reon graph - see fig . 3) wes a ~sumed to 

represent the resistance of tbe sstureted calomel solution 

free of All vola tile impurities and corrected for the 

secondery effects such B.S t he solution of glass and ion 

exchange over the duration of the experiment . Assuming 

tha.t the extrapolated resistance R
6 

was the correct 

resistance of a saturated calomel solution a.t 25°0 the 

specific conductance of the solution was celculatRd from 

equation 3 (section 3 . 1 . ) The conductance of the solution 

as determined a.bove is the sum of ~c,.J, .- the specific 

cond.uc tance due to all the ions ...,1hich result when the 

calomel goes into solution ( s ee section 2) -and the 

conductance due to the solvent , ~ ij~o • Therefore to 

obtain }(c.al,a lone , ~ k.Lo , which hes been corrected for the 

depression of the ionisetion of the watPr a s shown in 

section 3 . 1 , i P subtra.cted from the observe(l specific 

conductance of the solution. 

Initial disagreement between the rP-sults of successive 

experiments led to the surprising discovery that the extra~ 

poleted value of the resistance of the s a turated calomel 

solution depended on the rate a t which the n1trogE!n bubbled 
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through the c~ll. When the bubbling rate is changed 

d.uring a.n expPriment the cell resista.nce cYJ.anges too. 

Consider fig. 4. The portion ABCD of the greph 

represents the normal behaviour when nitrogen is 

bubbled through the Hg2c12 suspension. At the point 

D the stream of nitrogen was suddenly passed over, 

instead of through, the solution. This is equivalent 

to decreasing the bubbling ra.te suddenly to zero . The 

cell resistance now rose rapidly to E and remained prac-

tically constant at that value . At F the nitrogen was 

once again bubbled through the solution and the resis­

tance dropped sharply to G after which it continued to 

decrease normally along GH. as before. This behaviour 

clearly demonstr~tes the ·dependence of J.ttai. on the 

bubbling ra.te. The specific conductance "t1as hence 

de termined a. t veri,ous bubbling rates . The results 

obtained are given belo"t<T in Teble 1. 

TABLE I. SPECIFIC CONDUCTANCE OF Hg~Cl2 AT 250C, 

Age of Bubbling rete xic" .}tw._ c> at ~u..l . 
ppt . days . Bubbles7sec nm ern. pH : 5.125 corrected 

nm/cm. nm/cm. 

11 6 •. o 69 15 3557 

10 6 .o 78 24 3560 

6 6 _o 84 30 3552 

? 6 .o 84 30 3560 

8 6 .0 82 28 355? 
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' ~kw M11w ~<41 . Age of Bubbling rete at 
ppt. days. Bubbles/sec nm/cm. pH = 5 . 125 corrected 

nm/cm. nm/cm. 

9 5.0 76 22 3545 

9 4.2 84 30 3541 

1 2 4 . 0 65 11 3534 

13 4.0 65 11 3539 

13 4. 0 65 11 3534 

14 4. 0 65 11 3544 

? 4. 0 ?8 24 3544 

9 4. 0 71 17 3542 

8 3.8 ?3 19 3536 

10 3 . 8 ?3 19 3539 

12 3 .8 69 15 3543 

6 3 . 6 73 19 3535 

22 2.8 71 1? 3524 

9 2.5 ?3 19 3529 

? 2 .2 70 16 3529 

? 1.9 ?0 16 3528 

No difference Has observed bett¥een the Velues of .}t cJ.. 
for calomel obteined from the precipitation by the slo\T 

addition of KC1 to Hg2 (No3 ) 2 or Hg2 (Cl04 ) 2 solutions. The 

e.ge of the precipitate too "t·ras found to have no merked effect 

on the results , as may be seen from Table 1. 



FIG. 5. GRAPH OF SPECIFIC CONDUCTANCE AGAINST BUBBL lNG RATE 
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A gra.ph of ~c.J. . ageinst bubbling re.te wes plotted. 

(fig. 5). The rele tion appeared to be a linear one anc. 

the best straight line through the points we.s therefore 

calcule.ted by the method of simulteneous equations. ( 29 ). 

The VFlue of J(~.at zero bubbling rate , obtEined by extra-

polation came to 3505 :t 5 nm/cm. It was assumed that at 

zero bubbling rate ell the ~reviously mentioned effects 

of ion exchange and mercury content , yJhich were obviously 

connected with the rete of stirring of the cell contents 

by the nitrogen bubbles , would no longer be felt , and 

hence the VElu~ of J.lt.ot.at this point Ttl&B taken as being the 

true one. 
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4 . pH Oli' THE [ ATURATED CALO!..rEL <'U)LTJTION P..T 25°C, 

4 . 1 . OUTLINE AND 'rHEORY Jlt' ~4E'l'HUD. 

The hydrogen ion concentrat ~ on of a saturated 

calomel solution could not be determined directly by the 

ordinPry hydrogPn P.lActrode method as the hydrogen gas 

would reduce the ~ercury salts to metallic mercury in 

the presence of pletinum. Furthermore , it is a well 

kno1+1n fact that the potential of a hydrogen electrode is 

not stee.dy in weakly buffered solutions . 

The tt'IO above objections were overcome by measuring 

the pH of the calomel solution t•ri th a glass electrode 

pH- meter , which is well suited for "t"Teakly buffered solut ions. 

To eliminate any po Asible error due to the pH- meter itself 

a borax- succinic acid buffer we.s prepared ~,hich gave the 

seme pH rer::ding on the meter es did a typical calomel 

solution. The pot~ntial of a hydrogen electrode in the 

above mentioned buffer ·wa a then measured. The hydrogen 

ion concPntration of the celomel solution was calcul8ted 

as outlined below. 

Consider the follo ring cells : -

Cell ( i ) 

Gless 
Electrode 

set . Hg9 Cl2 solution 

e . m. f . _ E
1 

Ey, 

SF.t . 
KCl 



Cell ( ii) 

Glass 
Electrode 

Cell (iii) 

3 1 . 

\ 

Borex- Huccinic 
acid buffer 

Borax- Guccinic 
acid buffer 

I sat . 
I KCl 

' 

SP. t. 

1 KC l 

Et,_ 

N/10 KCl 

Ey3 E¥tN 

0 . 05·~ 
KHC

8
H4o4 

e . m. f . - E3 

' set . 
1 KCl 1 

' Et;. 

e . m. f . _ E
4 

N/10 .KCl 

E ~ denotes liquid jttnction potentie l . The o.o5 

moler solution of potassium hyd rogen phthalate contained 

in the left hand side of cell ( i v) a·bove is the primery 

British sta ndard ("ihich by definition is vf pH 4 . 005 at 

25°0. ( 30) . 
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We have : 

El - EO RT « ln a , + + E A'' ( 8 ) - . . . . . . g F H 

E2 
Eo 

g llia....ln 
F 

a.l.. H-+ + E )'.a. • • • • • • {9) 

where a denotes ionic activity , E~ is e constant for th~ 

Glacs Electrode - Calomel reference electrode cell , R is 

the universf!l Gss Constant , F the Faradc:>y a.nd T the 

absolute tempera ture . 

As E t was made equal to E2 we get on equating (8) 

and (9) 

(E~ -
RT.t. 

Er , > - y= Jn . . . • • ( 10) 

also 

E - E0 
- RT .. 3 - llv.H-.'-1- . • 

"J :1.1 F 
. . . . . . . 

and 

... .... 
If T4 =- T3 we obtain on subtracting equation ( 11) from 

(12) end rea.rranp;ing , thet 

( 11) 

(12) 
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• • • • • • • • ( 13) 

(E k'CL = E tb ) 

Substituting this VF.lue of RTJ ln a311+ in equation (10) 
F 

and converting the Naperian logprithms to neturel 

logarithms we obtain 

- log a .. 
I H = 

2 I 303RTt 
F 

. . . . . . . . . . . (14) 

The liquid j u nction pot~ntiels were estim~ted by 

employing Henderson's ( 31) 11 continuous mixture" bounctary 

equation : 

, I 

EK - RT fu• - v, l - ~U..t. - Va. ~ ln ( u ..... v. l . . . . . - F V,' ) + V9 (u:+ V ' ) U' -+ - U' • ~ ..l A. 

lvhere 

u - L. c+ u~ 

v =~ c - u _ 

u' 2_ c ~ z. u . 

v' = £. c z u _ 

c : concentretion in mole/litre. 

u = ionic mob i lities 

z : Velency 

Subscripts 1 and 2 denote the t wo solutions which go to 

(15) 
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~ake up the liquid junction. 

In calculating the conductance due to hydrogen ions in 

the saturated celoMel solution we must know the mole.ri ty of 

this ion . We have tha.t 

. . . . . . . . (16) 

where C molarity 

r molar activity coefficient . 

The activity coefficient may be estimpted from the Debye-
II 

Ruckel Limiting Law, 

A Zi~Jfo- • • • • • • • • • • (17) 

tvhere A = a conE=ltent (0 . 509 for water et 25°C) 

Z -:= valency 

_p.. = ionic strength 

_)-(. =. ~ z Cc: Z.: L • • • .. • • • • • • ( 18) 

4 . 2 . DECCtUPTION Atm r:iTANDARDI:-JATION OF p,PPAHATW3. 

4 . 21. pH Y..~ETER. 

The pH-meter used in this 1-rork was a r-1arconi pH- llleter 

Type TF 717A. Irregular drifting of the pH reac11ng 

during determinations was found to correspond to sudoen 

changes in the mains voltaee . ThiA source of error was 

eliminated by installing a constant voltage transformer in 

the input circuit. 



FIG. 6. THE pH CELL. 
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Special ettention vras peid to the Alectrode as r-- embly 

of the meter . The electrodes were well weshed and dri ed 

before and efter eech pH determ1n~tion . The salt bridge 

junction of the calomel reference electrode too 't·le.s care­

fully renewed after each experiment and the saturated 

KCl regularly repla.ced ui th fresh solution. 

The meter '\'!8.9 operated according to the set of 

instruct:tona supplied. with it and ste.ndardised "~:Ii th a 

0 . 05t·! pote.ssium hydrogen phtha.late solution. 

4 . 22 . pH - CELL. 

If any seepage of setur?ted KCl from the calomel 

reference electrode into the saturated calomel solution 

occurred, this ,.,ould disturb the equilibrie existing between 

the Vcrious ions and molecules present end hence the pH of 

the solution uould be altered. To avoid this a special 

Pyrex cell was constructed to contain the ce.lomel solution. 

A diagram of the cell iA given in fig. 6 . The 

compa.rtments A and B hed capacities of 200 ml . and 20 ml, 

respectively. The function of the sintered- glass filter 

E and the capillary D ~~as to minimise any back diffusion of 

liquid from B into A. Like the conductance cells , this cell 

could be suspended in the oil thermostat , and allowed a stream 

of gas (nitrogen) to be pass ed through , or over , the contents 

of compartment A. 
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Celornel solution from compartment A was forced over 

into compertrnent B by closing F' and B (with a ground glass 

ce.p e.no rubber stopper respActively) end applying suction 

to G. The solution in B was removed by opening G end 

a.pplying suction a.t F. In thi s •·ray several pH determina-

tions could be done on one sample of celomel solution 

l·Ti thout the denger of conteminating the bulk of the solut ion 

contE:.ined ,in compartment A by the poss ible seepage of KCl 

from the ref~ren~e electrode which was dipped into the 

solution contained in compartment B. 

The glass and calomel reference electrodes of the 

~arconi pH- meter were fitted with suitable rubber stoppers 

so that they could be held firmly in position to the 

required depth in the celomel solution in compertments A 

and B respectively . When the reference electrode was in 

position and both G and F were closed with their ground 

glass caps the compartment BJ which was completely filled 

with celomel solution from A, was sealed off from the 

atmosphere . The rubber stopper I was fitted with a thin 

glass tube J through which the nitrogen could escepe from 

the compartment A t.,hen the glass electrode was in pos1 tion. 

4 . 23 . HYDROGEN AND CALOMEL t~LF-CELLS 

The hydrogen- calomel cell consisted of two separate 

half- cells l'rhich could be connected by e salt bridge of 



FIG.7. THE HYDROGEN AND CA LOMEL HALF-CELLS. 
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saturated KCl . A diagram of t he t wo half- cells is 

given in fig . ? . - fig. ?(a.) shoH·s the hydrogen and 

fig. ? (b) the calomel h~lf-cell. The t 1vo cell s have 

c~peci ties of 150 and 60 ml. r e s.t~ec ti vely. 

To prevent diffusion of the saturated KCl of the 

salt bridge into the t wo cell s , sections PQ and RS of 

the side arms Here made of ne.rrow glass tubing with the 

ends Q and S drewn out some\orhat . As a.n aduitional 

preccution the glass taps L and M were always closed 

when e . m. f . reedings were not being taken. Both c~lls 

ere equipped with rubber stoppers ~hich excluded the 

atmosphere from the cell contents and held in position 

the gas inlet and outlet tubes , as well as the hydrogen 

electrode in t he case of the hydrogen half- cell. The 

mercury of the calomel electrod~ is placed in the 

compartment T Ft the bottom of the ce.lomel half- cell. 

Contact with this mercury is made by the platinum seal V 

and a column of mercury in tube u. The calomel electrode 

ves !='el we s tree. ted w1 tn e. 1% solution of Do1-r- Corning 

Silicone Fluid No. 200 in carbon tetrachloride as des­

cribed by Hills and Ives (32 ) . 

The salt bridge consisted of a 50 ml. beeker filled 

with satura t ed KCl solution into which the portions PQ 

and RS ot· the side erms of the ha.lf-cells were lowered 

to a sui tE:ble depth. lt'or convenience t vro hydrogen 
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helf- cells were utilised, one to contain the stenderd buf­

fer and the other to conta.in the buffer of unknown pH . 

Follo"\'fing the instructions given by·Hills $nd Ives 

( 32) three norT'(lel hydrogen elec trodes ahd e. deci- normal 

calomel electrod.e with 1 ts charac t eristic adherent skin 

of cc-lomel on t he exposed mf>rcury surfece , were prepared. 

The pot entisl of the cs.lomel electrode was found to be 

unaffected by roc1cing the vessel and was quite s t eady 

over a period of several deys , if oxygen was absent f r om 

the potassium chloride solut ion. The hydrogen electrodes 

were kep t under dis t illed water when not in use . 

The e . m. f . of the hydrogen- calomel cell was measured 

on a Tinsley Vernier potentiometer , a critica l ly damped 

Leeds Northrup gelvanome t er of sensitivit y 1 . 19)L volt/m. m. 

and internal resistance 39 , 4 ohm being used to de t ermine 

the point of b~lsnce . The stendard cell used to ~tend-

ardise the potentiometer 1rras calibrated a.ga.inst another 

standard cell which had been standardised by the Ne.tional 

Physicel Laboratory , Pretoria. Both the above standard 

cells , supplied by the Eppley Labor a tory Inc . , hFd N. B. '.-;. 

certificates . 
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PREPARA'l'ION P ND STANDARDI' 'ATION OF 
MATERIALS. 

f~ATURATED CALOMEL ~:;oLUTION 

The samples of ce.lomel solution ~~ used in the pH 

determinations were calomel solutions remaining in the 

conductence cell eftP-r s. detPrminetion of J(~.had been 

made . The a.dventages of using these solutions were 

tha.t the quality of the oa.lomel i •iB s knot-m (from the velue 

of ~c.J) end tha.t the solution was kno't·m to heve been 

satureted at 25°0. 

4 . 32. BUFFER SOLUTION'I. 

(e) RS<:FEHENCE BUFFER, 

A 0.05 moler potassium hydrogen phthalate solution) 

prepared from pure ~otassium hydrogen phthalate , ( National 

Bureau of Standards Sample 84c) was used a s the s tandard 

reference buffer. The pH of this buffer is given es 

4.005 at 250C . (30). 

(b) BOH.AX- ~:UCCDHC ACID BUFFER. 

This buffer was prepared by adding from a burette 

a o.os molal borax solution to 50 ml. o.05 molal succinic 

acid solution until the desired pH was rec-ched .• Borax 

which had been recrystallieed t wice and then dried l'ii th 

alcohol and ether, and A. R. succinic acid were used 

resp~ctively in the prepa.ration of the above 
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mentioned solutions . 

4 . 33. POTA" ':)DJ!-1 CHLOBIDE ~:OLUTION~) . 

The setursted and deci-norms.l potassium chloride 

solutions which 1•rere used a.s the salt bridge and in 

the celomel referenc~ electrode re spectively , ~ere 

prepared from t wice recrystall1sed A. R.KCl. 

4.34. r·~LECTHOLYTIC CALOMI<JL •• 

Using the method given by Hills and Ives (32) 

electrolytic calomel was prepared by the ~lectrolysis 

of 2N HCl (prepared by dilution of redis tilled A.R. HCl) 

with a pool of pure mercury as the a.node . Electrolysis 

l'!El.S carried out with an applied potential differP.nce of 

2 volts and a current of 0 . 3 to 0 . 5 amperes was maintained 

by rapid stirring of the electrolytP directly above the 

pool of mercury. After two hours the electrolysis was 

stopped and the suspension stirred for 10 to 12 hours. 

The electrolyte uas then decented off and repls.ced by 

fresh 2N HCl end stirred ag;dn for . e further 6 hours . 

The calomel was then washed by decsntat~on 40 times with 

conductance 'l!Tater , drained and dried in a vecuum . It 

was stored in the dsrk over P205. 
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4 , 35 . HYDROG-EN. 

Hydrogen from e cylinder TrTas purified by pe sslng it 

over cupric chloride to r~move any hydrogen sulphide and 

then over platinised asbestos and reduced copper filings 

heated to 700°0 in silice tubes to r~move all traces of 

oxygtl!n , The purified gas was then passed throuSh t wo 

bubblers (inside the constant temperature room) containing 

conductance water so that the hydrogP-n would be saturated 

td th water vapour at 24°0 before it entered the hydrogen 

half- cell. 

All connections in the puriflcction train were made 

with polyvinyl chloride tubing, rubber being excluded. 

4 . 4. EXPERIMEN'l1AL TECHNI~lJE , Rr!:SUL'l'S AND DI3CU~>SION . 

4 , 41. DETJ:!:RM!NATION OF THE pH OF THE f)ATURATED CALOMEL 
,.,OLUTION U BING THE '~ARCGNI pH- METER, 

Immediately after a dP.termlnetion of1aJthe seturated 

calomel solution 1-ras decented from the conductance cell 

into compartment A of the pH cell . '!'he pH cell lvB.s then 

placed in the thermostat and a steady stream of nitrogen 

passed through the solution fer about two hours . Compa.rt-

ment B was then compl~tely filled with calo~el s9lution 

from compartment A (see fig. 6 . ) by applying qu ction as 

previously described and the calomel reference electrode 

immediately placed firmly in position so that epproximetely 
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four centimeters of the ·electrode were immersed. The 

glass ~lectrode was th~n inst~lled in compartment A so 

that the bulb was well covered with the calomel solution, 

while the 11 Tempereture Compensator" was immersed to a 

d~pth of a.t least three centimeters in the thermostet. 

It was found that the pH of the calomAl ·solution 

rose \"iith time end then came to a steady value. A 

typical plot of p.i against time is given in fig . B. 

A similar phenomenon tvas sho t-Jn to occur in trial 

determin~:-tions of the pH of conductance wa.ter which we.s 

exposed to the ~tmosphere e.nd through 't'lhich a steedy 

stream of nitrogen was being passed. Jl .... rom this it we.s 

deduced that back diffusion of co2 fra-n tht'" a.tmosphere 

into the 11e.ter took place to a large ex tent. •Jhen, 

however , the electrode system of the pH met~r was dipped 

into the water in an attempt to determine the pH the 

surface of the water exposed. to the 8trnosphere we.s au to­

metically diminished and hence beck diffusion of co2 

could not occur to the sa.me extent 8S it hEld before . The 

result was th~t some C02 was removed from the water by 

the ni trogP.n and hence the pH of the we.ter rose . 

The ris~ .AB (fig. 8.) ,,,as hence put do1m Mainly to 

the remova.l of C02 which 11es present in the calomel 

solution due to back diffusion from the atmosphere t hrough 

the relativel y large opening of compertment A when the 

glass electrode pas not in position. With the glass 
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electrode in position. however , the only opening to 

the cell contents wa s through the gless tube J (Hee 

fig . 6 ) and hence '\'lith the fairly rapid bubbling rate 

used ( 4 to 6 bubbles per second) back diffusion through 

J was negligible . When all the Co2 we.s removed the 

pH of the calomel no longer changed with time - portion 

BC of the graph. 

Another ~ffect which caused a rise in the pH reeding 

was the incrl!'c:> se of the tempere.ture of the electrode 

contents from 24°C (room temperature) to 25°C (thermo-

st8t temperature) . The e . m. f . of the cell is given by 

E :: E~ r 2.303 RT 
F 

)( pH • • • • • • • • • • • • • (19) 

As E increases :-ri th a. ric:;e of tem:per8ture {T) the pH 

reading as given by the meter would .also rise~ The 

above effect "faS , however, relatively sma.ll and only 

accounted for approximctely 101. of the observed rise in 

pH. 

Due to the limited sensitivity of the pH- meter no 

change in the pH reading wa.s observed when the bubbling 

rate was altered. 

Immediately after e&ch pH determinetion the standard­

isPtion of the instrument was checked with the potassium 

hydrogen phthalate buffer. 
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It wa.s a ~sumed that the final st~ady pH reeding 

(portion BC - fig, 8 . ) represented the pH of the seturated 

calomel solution wh •- n ell the Co2 was removed . The 

results obtained for th~ pH ere given below in table 2 . 

Column A gi vee the VP.lue of J( oJ. e t the time when the 

calomel solution was transferred to t he pH cell and column 

' B gives the pHs of these solutions as read off the Marconi 

pH-meter. 

Tebl e 2 . pH of t he Saturs.tea. Ca.lo'llel ::>elution e.t 25°C. 

A B 

3 540 5 . 215 

3540 5 . 215 

3550 5.205 

3550 5 . 215 

3560 5 . 210 

35?5 5 . 200 

3575 5 . 205 

3595 5 . 195 

3595 5 . 200 

3600 5 . 225 

3600 5 . 220 

3600 5 . 245 

3610 5 . 225 

3610 5 . 225 

3650 5 . 235 

3650 5 . 250 
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The rnean pH reFding 't'las 5.220. 

4 .42 PREPARATION OF BUFFERS OF ~H 5,215 . 

A borax- succinic acid ·buffer (made from 0 . 05 molal 

solutions as described. in section 4 . ;:32 ( 'b)) t-Tas prepared 

so that the pH reading registered on,the Marconi pH-meter 

for the buffer ~1a.s identical ui th that obtained for a 

typical satura.ted calomel solution at 25°0 , 5 . 215. The 

buffer solutions vere contained in a 100 ml . bes~~er 

which vTB.S plsc ed so that the electrode system , support ed 

by the etand supplied ¥ith the pH- meter , could be lowered 

(1-1 t"'<:·ctl.v i:nt~) the beaker. 

For °FSier manipulation of the components of the 

syst~·1 , the beaker containing t he buffer was not placed 

in the oil thP.rmostat , as wes the cplo~el pH- cell. Hence 

the temperature of the system was that of the constant 

tempereture room - i. e . 24oc . 

The effect of a tmospheric carbon dioxid.e on the pH 

of the buffer was sho~n to be negligible by the feet 

that there was no detectable difference between the pH 

rea.ding of the buffer in tf1e beaker and that of t he same 

buffer in a cell through tt~hich a s t eady stream of nitrogen 

was belng pasEed. 

As a check a second buffer, prepared from CJ . 025 mols.l 

succinic acid end borax solutions , was also made up to 



46 . 

give t he sa.me pH reading on the meter as did the calomel 

solution . In both the above cases the calibrat ion of 

the pH meter tvas checked with t h e s te.ndard postassium 

hydrogen phthalate buffer after each determination. 

~. 

In this vrork the buffers were prepared to give e. 

pH reading of 5 . 215 i nstead of 5.220 , the mean value of 

pH as obteined from table 2 . This was due to the fact 

t hat a t t he time the pH readings 5 . 245 and 5 . 250 of table 

2 were considered incorrect and hence t he mean va.lue, as 

obtained from the remaining figures , rrss talcen to be 

5 . 21 5 . In viel..r of later developments , hor,;ev er , the 

high pH readings mentioned above appea1•ed. to be relevant :- a.nd 

were therefore again included in table 2 , with the result 

that the ~ean pH reading no~ came to 5 . 220 . Hence the 

actual pH of the buffers as obtained from the potential s 

of s. hydrogen electrode dipped into the buffers , was not 

taken to be Pqual to the pH of the saturated calomel 

solution but instead as a determination of the error of 

the pH-meter in the pH rs.nge 5 . 1 to 5 . 3 i.e . the correction 

to be applied to the pH reedings . 

~ (5 . 215 - true pH of buff er ) 

and hence the true pH of the calomel solution 

= ( 5 . 220- Correction) . 



4 . 43. 

47. 

DETERMINP.TION OF THE TRUE pH OF 'fHE SJ.TURATED 
CALOMft.::L ~::oLU'riON . 

To evaluate the true hydrogen ion concentration of 

the calomel solution it was necessary to determine the 

potentials of the t wo cells 

and 

I bora.x-succinic 
acid buffer 

I 

I 
I 

sa. t. 1 
KCl I 

I 

N/lo KCl I Hg2c12- Hg 

• • • • . . cell 

spt. 1 .N/10 KCl 

(iii) 

I KCl : • 
J 

Hg2Cl2- Hg 

• •••• cell (iv) 

e .m.f . .:: E4 

'l1he SFme reference electrode wa s used f or both the above 

cells . From the e . m. f ! s of th~ cells the true hydrogen 

ion concentration of the calomel solution could be calculated 

as outlined in section 4 . 1. 

As the determinations with the pH-meter of t he pH of 

t he borax- succinic a.cid buffers ·were c er ried out st 24°C 

the det erminations of the potentials of the CPlls (iii) 

and (iv) Fbove were C?rried out ~t t he same temperF t u r e . 
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On introducing the buffers and the deci- normel 

potassium chloride solutions into the hydrogen and calomel 

hs-lf- cells respE:'ctively , the taps L a.nd M (See Fig . 7) 

were closed so that no liQtlid entered the side arms . Hence 

when purified hydrogen e.nd ni trog~n 'riaS bubbled through 

the respective half- cells there were no stagnant regions 

of solution not swept out by the gas . The result was 

that all the bliffer coulcl be sa.turc:ted with hyd.rogen and 

all the dissolved oxygen could be removed from the KCl 

solution. After t -rm hours 1 bubbling tne teps L and M 

1·rere opened , the side arms filled_ with. solution by suc­

tion and the taps closed agein. The sections P~ and RS 

of the side a.rrns 1o1ere then lowered into the salt bridge 

solution to such e depth that with the teps L and M open 

no siphoning of t he saturated KCl into the half- cells , 

and vice versa , would occur due to a difference in level 

between the solutions . 

To determine t he e.m . f . of the cell the stream of 

nitrogen bubbles through the· calomel helf- cell wa s 

temporarily ce&sed , taps L and M opened and the ba.lancing 

potential reed from the Tinsley potentiometer in the 

usual tvay . After eech o.etermine.tion the standardisation 

of the potentiometer 1r1as checked against the standard cell .. 
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It wee found thst to obtein r~_fro<iuci bl~ r~sulte 

vh~n det~r~1n1ng th~ potPntiel of a sp~cified hydrogen 

el~ctrocle in the- t wo diff~rf"nt typ~e of buffer , it u~s 

necessPry to ~osk the- ~lectroue in distillf"d w~ tPr for 

sev~rel hours Eftt~>r heving UAt!"d it in on~ buffer before 

it could b~ ~eoli~bly used in the next. Th-. thrfll'~ hyd-

rog~n -.l~c trod~ c ;:ert! found not to be l oent1cP 1 in 

pr£ctlce - their ~otenti6ls in t ne ~~mP ~jffer differed 

up to t 0 . 3 mill1 volts fro"f\ thP. m~En VPluP. . Du~ to 

the fret thet the de~th of the hydrogen bubbler 1n the hyd-

rop,~n helf- cell only Effected tne VE-lue of the e . m. f . in 

the fifth deei~al plecP (~2) , the depth of th~ bubbler 

in th~ 1-l'PSent '(Ori.-:: , in "-h1ch only four s i,c-ni:ficFnt ftf'-

tt:X•f's ere a tt~ ina.bl .. , lrea of no conse':.uencP . 

'rhe rPenlt~ obte:1ned for tl-:le ~'~' . m . f .'r . of th t wo 

cells frP ~iveon bf"lO 1n teble 3 . 

Tabl,. 3 . ·;. f. F.'s ol' Cfl'lls (iii) and (iv) 

l •y:J.ro~,.n 
-. 

E3 (E4-E3) n .. ~n 
V~lts El"'ctrod~ Volts Vol to 

l~'or But'ter A 0 . 5690 <J . 6384 -0 . 0604 

pr~pEred from A 0.5690 0 . 6394 -u . 0?04 

o.u5 lfolel A 0 . 56?2 O . f5~94 -0 . 0702 

borex & succinic D 0 . 569? 0 . 6394 -0 . 069? 

Ee1d solutions B 0 . 5693 0 . 6392 -u . 0699 -0 . 0?00 
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Hydrogen E4 E3 ( E4- E3) Mean 
Elec t rode Volts Volts Volts 

B 0 . 569? U. 6399 - 0 . 0?02 

c 0 . 5696 0 . 6395 - 0 . 0699 

c 0 . 5694 0 . 639? -0 . 0?03 

c o. 5695 0 . 639? - 0 . 0702 

- -------- --- ---- - - ... ... - ---- ---- - ~ .. --
A 0. 5690 0 . 6388 - 0 . 0698 

For buffer A 0,.5692 0 . 6389 .:...0 . 0697 

pr~p8red B 0 . 5693 0 . 6389 -0 . 0696 - 0 . 0 698 

from 0.025M c 0 . 5695 0 . 6391 -0 .06~6 

so lutions c 0.5693 0 . 6391 - 0 . 0698 

The mean VPlue of (E4-E3) for the two borax- succinic acid 

buffers was - 0.0699 vol ts . 

We have from section 4 . 1 

-log a,, -
2 . 303RT, 

F • • • • • • • • • • • ( 14) • 

The liquid junction poterttisls E,r, a,nd Ey, , \"!ere CE~lculated 

using equation (15) and they were found to be 0.0028 volt 

and 0 . 0058 volt respectively. 

to - 0 . 0030 volt . 

Hence from equation (14) above 
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- log ~ , = ( -0.0030)-(-0 . 0699)-( -2.303 x 2 . 56 x lo-2x4.005) 
If 

2 . 303 X 2.569 X 10-2 

5. 122 = pH 

as - ln e _ pH by definition. (30) • .. 
The correction therefore to be applied to the readings 

of the pH-meter at pH's round about 5 . 0 to 5. 2 was 

hence 

- ( 5.215 - 5 . 122) 

== 0 . 093 

~ - 0 . 095 pH units . 

The corrected pH of e ss-turated cs.lomel solution was 

5.220 - 0 . 095 

5 . 125 
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5. THE l~EH.CURY CON'rENT OF A SATURATED CALOMEL 
<~LUTION AT 250C . 

5 . 1. OUTLINE AND THEORY OF METHOD 

The total concentration of mercury present in a 

saturated calomel solution is of the order of 1 x lo- 5 

mole/litre . This makes the determination of mercury by 

the norme.l volumetric G.nd grsvimetric methods impr<:ctic-

table. It uss hence decided to employ a colorimetric 

method of analyeis , the differentisl technique {33) being 

used. Di thizon~ \'ras used as the ree.gent for the detec-

tion of mercury as suggested by F'ischer and Leopo l (li ( 34 ) . 

When P mercury solution 1R sheken up \·ri th some 

dithizon~ reagent the m~rcury forms a coloured precipitate 

with the dithiz~ne . This precipitate is soluble in 

CC14 and 111parts to the solution e.n or eng~ colour. The 

shade of the CC14 l ayer depends on the amount of mercury 

originally present in the aqueous solution and hence a 

series of colours , ranging from the origine.l di thizone 

green to e clear orange , may be obtained by treeting a 

fixed volume of the di thizone solution ·with aqueous 

solutions containing different amounts of mercury - salts . 

Therefore by compe~ing the colour of the dithizone extract 

obta.ined from e. solution of unknown mercury cont~"'nt 1vith 

that obtained· from e solution of kno~-m rrtercury content 

it was posFible to ~stimate the amount of mercury con-

tained in the unknown solution. 
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5 . 2 . · DJ!:t3CRIPTION AND ~-ITANDARDL~A'riON Oli' A?P.AHATUS. 

5.21. PHOTELOMETER. 

The instrument used in this work for the colori-

m~tric measurem~nts wa.s a Cenco-bheard spectrophotelo-

meter, e; dete.iled description of which appears elsewhere. 

(35) . It ~~s found in practice that in spite of the 

constant voltage transformer supplied with t~e instrument, 

the fluctuations in tl1e A. C, m~ins caused simul ta.neous 

fluctuptione in the galvanom~ ter r~sding. The 6 volt, 

18 ampere ribbon filem~nt bulb wes therefore replaced 

by a 12 volt 36 watt lamp which wes connected to a 

steedy 12 volt D. C. supply obt.ained from lead accumu-

lators . 

To determine the ,vevelength at t.·Thich the given 

photelometer was et its maximum sensitivity (i.e . the 

wavelength at which the di thizone-mercury extract 

absorbed th~ maximum amount of incident light) the trans­

mi<->E•ion ( T ) of a. typical extract was measured over the 

wavelength ra.nge 280 to ?40 millimicrons ( m.Lt.). \'/e 
J 

have that 

•• ,.,. • • ••••• (19) 

l-ther~ I and I 0 are the gFlvanomet er deflections t<~hen 

the extract and the solvent (CC14 ) ere placed respectively 

in the light pPth. ThP plot of tra.nsmisEion- per cent 
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ag&inst wavelength is given in fig . 9. As may be 

clearly seen from this gra.ph the instrument was at 

its maximum sensi ti vi ty in the 1-Tavelength band 480 

to 500 m)t. All absorption measurements were hence 

made in this wavelength range . 

5 . 22 . THli.; F'ILTER FOR 'I'HE l;'ILTRJ.I TION OF' THE 

CALOMEL SOLUTION 

The saturated calomel solution , as prepared 

in the conductance cell , had in suspension an excess 

of solid calomel pe.rticles and hence 1 t ,.,as essential 

to filter the solution prior to the determination of 

the total merc~ry concentretion. To forestall any 

disturbance of the equilibrium conditions by atmos­

pheric carbon dioxide e simple device wher~by a 

quantity of calomel solution could be extracted from 

the conductance cell and filtered before it came into 

contact with the atmosphere was used. A sketch of 

the appar8tus app~are in fig. 10. ABD is a 1 mm. 

diemet~r capillary tub~ which is attached to the filter 

F by means of a rubber colla.r E. The filter F is 

provided with a rubber s topper I so that it can be 

enclosed by the filter tube G. The section AB of the 
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capillary i s p laced in-'=l id~ the conductance cell end is 

kept in position by thfl' glass cap C. On a.pp1ying 

suction to the filter tube celomel solution from the 

cell is dre1m up tb.~ capillary, filt ered through the 

No. 4 sintered- glass disc H ana. finally collected at 

the bottom of t:r. 

5. 3 . PREPARATION AND S'l'AiiD.AHDI -->N ,·ION OF HATl:RIALn, 

5. 31. DITHIZONE ~GENT. 

~he dithizone (diph e nylthiocarbezone ) as supplied 

contained some of the ye llot1 ox i dation proo.uct Pncl it 

~;e_s therE> fore purified as instructed by Cnell. ( 36}. 

0.025 gram of d ithizone was dissolved in CC14 a nd the 

solution shaken up wi th 200 ml . of ·rater a.nd 10 ml. 

The 0014 la.y~r 'i'ieS discarded and the aqueous 

layer , \'Thich contained the pure d i thizone , sh ak e n with 

20 ml . portions of CC14 until no tre c e of pink -vres shown 

in the extract (the solution was th~n free of all the 

oxide.tion product. ) The e.queouR solution 'I-re s acidi-

fled with HCl and the d ithizone extracted with 30 ml. 

portions of 0014 . The extracts we r e combined and made 

up to 250 ml . and s tored in the dark . As the di thi-

zone slowly deteriorated on s tanding ( especiclly when 

exposed to da.ylight) a fre sh solution tle.s p r epared every 

t wo weeks. 
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5 . 32. STANDAHD MERCURY SOLUTION'}. 

Under t he experimentel conditions of thi s work 

the mercury to be determined was pres~nt as mercuric 

chloride. r See sectinn 5. 4 . ) The ste.nqsrd solutions 

were therefore prepared from mercuric chlorid~ ~o that 

t he conditions could be as similar as possible. 

Solutions of t he desired concentration were obteined 

by cs reful cUlution of a stock solution uhich was 

prepEred from dried A. R. mercuric chloride by weighing . 

5 . 4 . EXPERi ttENTAL TECH}-1 I i....UE , R"Gi;ULrr;:; AND DI•)CUSBION. 

The procedure in the prepar a.tion of t he di thizone­

mercury extract ties as follows : to 10 ml . of the 

mercury solution contained in e. separating funnel add 

5 ml . of O.lN HCl and then 10 ml . of dithizone reagent 

(prepared from the s tock solution by sui ta.ble dilution 

with CC14 ) ; stopper the sepersting funnel and shake 

the contents vigorous ly for 15 to 20 seconds ; rinse 

the a.bsorption cell t wice with some of the CC14 extract , 

then fill the cell and slide on the cover gl ass . 

A calibration curve was obta ined from the dithizone 

extracts of four StFndard mercuric chloride solutions 

of different kno1m concentrations. The entrance and 

exi t ~J.it s of the spectrophotelome ter were set so that 



57. 

a maximum sca.le d!"flection 1·ras obtained on the ga.lva­

nomE'!ter "t·rhen the extract of the lowest mercury concen­

tration 11ras in the l~ght besm. The differences in 

the .galvanometer readings between this extract and 

the others (the more concentreted ones ) were determined 

and a graph of these differences e.gainst the mercury 

concentration wes plotted . Hence if the difference in 

the galvanometer readings of the lo~r known standard and 

eny solution of unknown mercury content 1-1er e determined, 

tne mercury concentration of that solution could be read 

off from the calibration curve. 

After a number of p:reliminE~.ry determin?tions of 

the concentration of mercury in e. sature.ted cs.lomel 

solution (filtered as described in section 5 . 22) it 

became apparent that the results depended on the con­

ductance of the solution at the time when the calomel 

sample was withdrawn from the conductance cell. ExtrActs 

of saturated calomel solution were hence taken from the 

cell a t sui table tiTTle intervals and. the specific con-­

ductance of the solution e.t the time noted. 

It was observed that after each extr&ct was made 

from the conductance cell the rate at which th~ conduc­

tance of the remaining solution in the cell rose with 

time increased. On determining the mercury contents 

o:f the different extract s it was found that the mercury 
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concentration increased es the conductence of the 

solution did. A typical plot of specific conductance 

egainst mercury concentration is given in fig. 11. The 

graph was found to be curved, t·Jhich was put dovm to the 

observed fact that the rP-.te a.t which the cona.uctance of 

thfll! Rolution , and. hence the rate a.t which the concen­

tration of the mercury rose , increased \vith each extre.c­

tion. :b"rom the graph the concentrc:>t i on of mercury at 

the specific condu.ctence 3505 nm/cm. ( the corrected 

value of c}tcJ a t 25°C) was estimpted by extrapoletion. 

It llBS found that the celomel nolution extracts 

deteriorated, the mercury concentrati on decreesing, 

slowly on stending . When , hm·Tever , the solutj ens were 

acidified ~.si th a few drops of 6N HCl no appreciable 

change in the mercury concentration was observed even 

after stending for a week. All calomel solutions were 

hence acidified immediately after extra.ction from the 

concluctance cell and kept in stoppered Pyrex test tubes . 

'I'he effect of the type e.nd concentrGt l on of the acid 

added to the calomel solution was studied by adding to 

samples of filtered calomel solution different amounts 

of hydrochloric and nitric acid and then det e rmining 

th~ concentration of mercury present. It we.e found 

that the addition of excess acid above 2 drop~ of 6N HCl 

had no effect on the resnlts. Using the corrected 
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valu~s for Sillens equilibrium cons tants (see section 

7 . 1 ) it e.s r.hown by calculction tnPt '!Th~n 12 1'111. of 

CP l omel solution .'"t:•as acidified tvi th 2 drops of 6N HCl 

( the·s~ quanti ti~s being the ones used in this 1-;ork) 

virtually ell the mercury in solution was present as 
-+ HgC12 , the concentre>t.~. ons of Hg(OH) 2 and Hg20H being 

of the order 6 x 10~19 end 1 x lo-15 mole/11tre r~spec-

tively. As a check on this some calomel solution wes 

t reated wi tl1 chlorine rrater , which would. ox1di se all 

mercurous mercury present to the mercuric state . (excess 

chlorine was driven off by boiling) . No observable 

change in the me-rcury concentration as a re cult of this 

treatment ~;as found . As the mercury in the P.cidified 

calomel extracts was present s.s HgC12 the ·standard 

solutions were therefore prepared from A.R. HgC12• 

(Section 5. 32) . 

Since it was fOSSible that .very fine or colloidal 

particles of solid Hg2c12 might have passed through the 

sintered- glass filter several experiments were c~rried 

out in 1·1hi ch the calomel solution i<.ras filtered through 

a film of nitrated cellulose. The sintere-d- glass pad 

H o f th.e filter F (see fig . lC, ) wa.s covered with s. dilute 

collodion sol ution . (nitrated cellulose dissolved in en 

ether-~lcohol mixture ). On the evaporation of the sol-

vent a thin film of cellulose was o.eposi ted on th~ pa<l H. 
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Such e film acts as an excellent filter e.nd should 

hold beck all fine solid particles . It was found 

1n practice that a freshly deposited cellulose pad 

absorbed mercury from the calomel solution 't·rhen 1 t 

was drawn through t~e pad. After drawing through 

approximately 10 ml . of solution , hotvever , the pad 

appeared to become saturated and no longer absorbed 

mercury. This effect was shown by drawinr through 

the filter successive aliquots of known standard 

HgC12 solution and determining the mercury concentra­

tions sfter the filtration. The results obtain~d 

by filtering the calomel solution through e. 11 saturated11 

cellulose film uere no different from those prev­

i~usly determined by filtretion directly through the 

s1ntered-gla.ss disc . 

As s teted in section 3.41, the addition of pure 

mercury to conductance water did note.l ter the conduc-

tance of tha.t wa.ter. On testing this water , aftAr it 

had been well boiled with nitric acid to convert any 

mercury present to th~ soluble nitrat~ , with the dithi­

zone reagent no appreciable change in colour of the 

reagent could be d~tected . The solubility of meta.llic 

mercury in conductance we.t~r wes hence estimated to be 

less than 1 x 10-7 mole/litre . It wa.a therefore 

assumed that the value obtained for the concentr8tion 

of mercury in solution in the ee tureted cslomel 
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solution did not include any metallic mercury which was 

present in the conductance cell due to the equilibrium 

The colour s of the mercury- (li thizone extracts were 

found to de t eriorate sloi:lly. After standing for two 

hours the results obtained on repeating the determina­

tions with the same dithizone extracts were observed to 

be about 1 to 2% lower than before. dince , hoHever , 

the work (di thizone extre.ction and &.bsorption me&.r:urements) 

on a set of calomel e.nd stande.rd mercuric chloride solu-

tions was normally completed in approximetely 30 minutes 

the deterioration of the colour of the extracts was ig-

nored; the accur&cy of the determination itself was 

epproxima.tely 1%. 

The results obtained for the concentration of mercury 

are given below in table 4. 

Table 4 . Concentretion of Mercury in a Seturated 
Calomel Solution at 25°0. 

Determinetion JtcJ et time m"1x106 m x106 m41x10
6 

No. ·or extrac- c or'loec teda,t 1<c.f 
tion. for acid · 

added ==3505 
• nmjcrrt. 

3605 7 . 7 ?.8 

3750 8.1 8.2 
l 7.6 3865 8.7 8 . 8 

4025 9 . 7 9 . 8 



DetE"rm1nst1on 
No . 

2 

3 

4 

5 
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lfr.Jf'. t time 
of extrac-
tion. 

3640 

3675 

3725 

3885 

3965 

4020 

3635 

3700 

3840 

3930 

4010 

3590 

3705 

3820 

3925 

3590 

3630 

3700 

3840 

4010 

m11x1o6 
l 

7.7 

8 . 0 

8 . 0 

8 .. 55 

9.3 

9 . 3 

7.4 

7 . 45 

8 . 0 

8 . 65 

9 . 0 

7.4 

7.7 

7.95 

8 . 6 

7.5 

7 . 7 

B. 05 

8.35 

9 . 0 

6 ' mHxlO m, xiO 
corri cted at lf~. for ec1d 

=~50S edded. 
-ntnj:1n.. 

7,.8 

8 . 1 

8 . 1 

8 . 65 
7.t 

9 . 4 

9 .4 

7.5 

?.55 

8 .1 7.2. 
8 .75 

9 . 1 

7 .5 

7.8 
7.3 

8 . 05 . 

8. 7 

7.6 

?.8 
7.1: 

8 .15 

8 . 45 

~ . 1 
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The concentration of mercury in a saturated 

calomel solution at 250C was hence taken to be 

(?.4~0 . 2) x Io-6 mole/litre . 



FIG. 12. GRAPH OF pH AGAINST SPECIFIC CONDUCTANCE 

FOR SATURATED CALOMEL SOLUTION AT 25° C. 
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6. FURTHER CON : rDEflATI ONH OJr' THE pH OF THE nATURA TED 
C.ALOfJEL SOLUTION, 

Th~ work an the concentration of tnercury pr~eent in 

the calomel solution was done after the pH J.etermim:tions , 

end when the former had revealed that the concentration of 

mercury in solution depended on the conductance of the 

solution 1 t v1as very proba.ble that the hyd.rop;en ion 

concentre.tion too was d~pendent on J.fc.al .• A plot of the 

aveilable pH reedings against the val ue of J.f.c.J. at the 

time when the calomel solution wee tr~nsfprred over into 

the pH cell is given in fig . 12. From the plot it 

seems apparent that the pH rises (i . e . H+ ion concentr­

ation decreases) w~th increasing conductance . 

Using the estimated values of the equilibrium 

constants (see section ? , 1) for t he equilibria existing 

in a calomel Rolution , together 'l:·rith an aPl)roxirnate 

value of the hydrogen ion concentration , it uas shol--rn by 

calculation that 

< 0 • • • • • • • • • • • • • • • • • • • • • ( 20 ) 

• ' • • • • • • • • • • .. • • • • • • • • ( 21 ) 

• • • • • • • • • • • • • • • • • • • • • ( 22) 

where mH,r is the tote.l concentration of mercury in 

solution. The feet that the differential coeffici~nt (21) 
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~tt?.e n~r,ative Vfl!rified th~ deduction obtFin~d from 

fig . 12 that the H• ion concentration d.ecreEsed 1 .. 1th 

1nc reesinp: co.nductencf' of th~i! cFlom~l solution. A 

etrP.ight lin~ 1.rae thfl'rPfor~ c'lrt:\wn throuf!h thfl' ev ilable 

points ~nd tl-J.~ valu.- of the 2H "- t J<'&i.= :3 , n05 nm/cyn . was 

e sti"st~d by Pxtrepol tion. The ~~tr~pol t~d value of 

t'ne pH was f"ound to bP 5 . 18! 0 . 01 which correct•<! 

(se~ s~ction 4 . 43} c£me to 5 . 0A5! U. Ol . Tht~!r fore th~ 

H"'"1on conc.-ntrE" tion "faB 8 . 2 ± l) . l :x lo- 6 rnole/li tr .. . 

'l'h~ eccur~cy of th~ xtrE..):.IOl~ tion "F o , ho tever • 

11m1 ted as no pF. d~t~rm1nPti.on J Wt'!l'fl' ca.rr·ied out for 

c lonfl"l tolutions -hie, 1rd s.t~fi'C1f1c conductsncf"o 

1-lighfl'r thPn 3600 n"!l/CM. end hfl"nce th~r" WliS not r.uffi -

cif"nt s:r-resding of .JOint r to en ... bl!! s. mor~ Eccurete 

extrepolet1on to bP mede . 
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? . 0 DISCU'= ~HON AND CONCW<"~IONS. 

The interpretation of the experimental results 

le- d to some surprising conclus ions . The low value 

of 5. U85 for the pH of a saturated calomel solution, 

corresponding to a hydrogen ion concentration of 

8.2 x lo-6 mol e/litre , indicated that hydrolysis of 

the cations occurred to a large extent. Also , since 

the oR- ion concentra.tion must be of the order lo-9 

mole/litre end those of RgCl; and HgC14= were shown to 

be even sm~ller than this (section 7.1) , the only anion 

present in any appreciable quantity was Cl -: 

The equivalent conductance of HCl at th~ concen.­

tration 8 .4 ~ 10-6 mole/litre (the ppproximate concen­

tretion of ions in a epturated calomel solution) was 

calculated from the Jnsager Equation 

:=. 1\ o - (A -t BJ1o) Jc • • • • • • • • • • { 23 ) 

~ihere 1\ o ::: Equiv.c.lent conductance at infinite dilution 

1\ = Equivelent conducte.nce at concentration c 

and A and B are constants. 

1\Hcl!. at c = 8 . 4 x lo-6 mole/litre was found. to be 

425. 6 . The conduc ta.nce due to the HCl in the saturated 

calomel solution wa.s hence 
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8.2 X 10-6 X 425.6 

1000 

- 3490 nm/cm . 

Thus the mercury-containing ions wert'l only responsible 

for about 15 nm/cm. of the observed specific conductance 

of 3 , 505 nm/cm! 

It was instructive to calculete th~ expected 

concentrations of the various ione present from the 

equilibrium constants and the conductivity. It ~.ra.s , 

however, first necessary to estimate the values of 
/ 

these constants at infinite dilution from 3ill~n ' s figures 

for ionic strength 0.5. 

? . 1. EGTIMATION OF THE THERMODYNAMIC EQUILIBRIUM 
CON~:TANTB OF THE EQUILIBRIA EXI HTING IN AN AQUEOUS 

CALOMEL '"'DLWfiON AT 250C . 

The equilibria existing in a setureted ce.lomel 

solution are 

(1) Hg2Cl2(s) Hg2+ 2Cl -+ 2 

(2) Hg2+ + Hg( s) - H 2 + 
g2 

( 3) Hg2-++ Cl- -- HgCl -r 

(4) Hg2+T 201- HgC1
2 
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(5) Hg2+ + 3Cl - - HgCl
3
-

(6) Hg2.f. + 4Cl- HgCl4= 

(7) H 2+-
g2 + H2o - Hg

2
oH+ + HT 

(R) Hg2+ + H20 - HgOH ... +- H+ -
(9) Hg2• + 2H20 - Hg(OH)

2 
+ 2H+ 

/ 

Using th~ el~ctrometric methods Sillen end his 

co-~·orkers ( 12) studied all the above equilibrie end 

evBluated the equilibrium constant of each. Their 

values • gi v~n belo<;¥ in tabl~ 5 t·rere , however, only valid 

under th~ conditions of their experiments , namely , 25°C 

and total ionic strength 0 . 5 . 

Table 5. 

Equilibrium Equilibrium 
No . constant (k t. ) 

( 1 ) ( 1 • .32 ± 0.03) x 1o- 1? 

(2) 129.2-t 1 . 0 

(3) ( 5 • 4 5 :t. 0 • 23 ) X 106 

(4) ( 1 . 65 '!. 0 . 10) x 1013 

( 5) (1 . 2 '!. 0 . 5) X 1014 

(6) (1 . 2 '!.. 0 . 2) X 101.5 

(?) (1 . 25 '!. 0 . ?5) X 10- 5 

{8) (2 . 0 ~ 0.3) x lo- 4 

(9) (·5 .,0 ± 0.6) x 1o- ? 
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Approximate calctllations using the above 

consta.nts showed that thta. concta.ntrations of the 

HgC1
3
- and HgCl: ions were of the order 1 x 10- 10 and 

5 x lo- 15 mole/litre respectively. The equilibr ia 

(5) and (6) were therefore ignored in this work . 

The th~rmodynamic equilibrium constents (Ki ) 
I 

could be obtc.ined from Sillen' s equilibrium constants 

(k " ) if the ve..lues of the activity coefficients ( )~·) 

of all the ions and molecules present in s calo~el 

solution were known at ionic strength)<.= 0 . 5 . The 

determinAtion of single ionic activity co~fficients 

is , however , impo Sible and so to overcom~ this 

difficulty the thermodynamic constants were estimated 

as follows : 

Consider equiltbrium no . (2). 

_ m"11• x ~!· 
m 14""" v 

<J /( d If ~+ 
~ 

where e and rn denote activity end molality respectively. 

Hence at Ll,: o. 5. 

. . . . . . . . . . . . . . (24) 
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Taking Y"~': :o fw/"" , which appears to be e. reasonable 

a.sPurnption , thfl! re.tio Y'*li / (~JA- becomes unity and 

hence 

The a.bove deduction is borne out by the fs.ct that 
I 

Sill en evaluated k 2 to be 129. 2 ! 1 . 0 and that 

H 0 I Forsling , ietanen and oillen later estimat ed K2 

to be 130 ±. 10 . The ve.lue used for K2 in this work 
I 

was hence 130 'i. l0 as found by Sillen . 

Combining the equilibria ( 2) and ( 9) ~~e obtain 

Kg 

K2 

Kg 

" l. 
m H-~(t>ttb. m H + X 

X at ,J..t. = 0. 5m. 

- • • . • • • • . • . • ( 25) 

From the values of the activity coefficients 

of neu tra.l molecules such B.s nitrous oxide , ~hane , 

diactone alcohol end ethyl s.cetate at J(:: o. 5 (37) 

the ValUe Of r~~~~L W&S PStimeted tO be 1 . 10 ~ 0.05. 

The ratio KNV K H-~~ at A).::. 0 . 5 was estimated by 

extrapoletion using the values of this ratio at 
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different ionic strengths as d~termined by Bonner and 

Unietis ( 38). The ratio \'res found to be 4 ,1 :t 0 . 1. 

Hence substituting in equation ( 25 ) 

. 
Kg ~ (1.1~ 0,05) x ((5,0~0 . 6 )x lo-?)x(l30t 10)x {4 , l ±O.ll 

129 ! 1 

Using the upper limits 

Ko 
v 

1 ,15 X 5 . 6 X 10-? X 140 X 4,2 

130 

2 . 91 x lo- 6 

and the lower limits 

Kg 1 , 05 X 4 , 4 X 10- ? X 120 X 4 , 0 

128 

--
K9 vias henc~ taken as 

( 2 , 3 t. 0 • 6 ) X 10-6 

Simi l a.rly f rom the equilibria (1) and (9) l'Je obtain 

X 

a.ssuming K'u.:t':; rH~'Lt 
be o. ?6. ( 3?) 

•• • • ••• ••• •• • ( 26) 
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Substituting 

Kl: (l. lt0 . 05)x((l.3210 . 03)xl0-17)x((5.010.6)xlO-?)x (0.?6J4 

( (2. 32i 0.59)xlo-6 ) 

· t.rllich on ~valuE,tion gives 9.08 x lo-19 and 1.26 x lo-18 

as the lower and upper limits re spectiv~ly. 

hence teken as 

1.08 ± 0.18 X 10-l8 

NOTE. If , wht'!n cslcule,t.tng the upper and lower lirni ts of 

an equilibrium constant , the equation includes a quotient 

of th!'". type kg/Kg the ve.lues for kg e.nd Kg must both be 

e ither the largest or smallest values a.llo'l.oTeble for thes~ 

t 'l!To constant s . As ca.n be seen from th~ evaluation of 

Kg , for ~xe.mple , the uppe r limit of Kg is obtPined only by 

using the upper limit of kg in equation (25) find hence it 

is rn~aningless to couple wi th the la.rgest value of Kg ~.ny 

value of kg but the lergest one. 

From equilibria (4) end (9) 

X (lf't d ,_ 

~ ~~'~~~~"-- r ~~ r ~-

•••••••• ••••• (2?) 
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Hence 

K4 :::. ((2.32-t 0.59)xl0-6 ) X ((1.65 i 0.10) X 1013) 

( (5.0 ! o.6):x:lo-7 )x{o. 76)4 

(2.28 !. 0 . 45) X 1014 

The combination of equilibria. (9) and (7) yields 

X 

• • • • • • • • • • • 

a s sumi ng 't f4(J .,.: ~ r llj &.of and v11 H t- .:: (., 
dj'~o 611+ 

Hence 

K7 .: ((2.32:t0.59)x lo-6 ) x( (l. 25.t-0.75)x 10-5 ) 

(1.1~0.05) x ((5.0 ~ o.6)x lo-7) 

( 5. e ± 4 . 1) x lo-5 

Similarly from (3) and (7) 

(28) 

K 3 -- • • • • • • • • • • • ( 29) 

assuming ¥f',y~# .: (NjJ.+ and K'H[J""~ = YlfJ'l.+ 

K.3 :.. ( (5.81'!4.l)xl0-5) X ( (5.45 ~ 0.23) X 106) 

{(1.25 1 o.75)x lo-5) x (0.76)2 

( 3 .98"!. 0.88) X 107 
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Finally, from (8) and (3) 

• • • • • • • • • • (30) 

K8 = ((3.98t0.88)xlo7 ) x ((2 . 0~0.3) x 10-4)x(0.76)2 

((5.45t 0,23) X 1Q6) 

<B. 6 ± 2 . s > x lo-4 

The above results are tabulated be10't'l in table 6 . 

Equilibrium 
No, 

(1) 

(2) 

(3) 

(4) 

(5) 
' , ,-' I 

{6} 

(7) 

(8) 

(9) 

Teb1e 6 , 

k ~ 
(at A= 0 . 5) 

(1. 32~0.03)x1o-17 

129~2±1.0 

( 5. 4 5± 0 • 23 ) X 10 6 

{1 . 65t O.l) x1o13 

( 1. 2~ 0. 5) xlol4 

{1.2~0.2) xlo15 

(1.25 t0.75)x10-5 

(2 . 0±. 0 . 3) xl0-4 

(5.0~0.6) xl.o- 7 

K t~ 
(corrected to )'= 0) 

(l.08! 0.l8)x10- 18 

130:! 10 

{3.98t 0 . 88)xl07 

( 2 . 28!0 .45) xlo14 

(5.8t 4 . l)xlo- 5 

(8 , 6~.2 . 8)x1o-4 

(2 , 3!..0,6)x1o-6 

. I 
The .. vs1ue of K1 a.s estii!l.E.ted from f.:J illen ' s cons-

tents wa s thus found to be 1.08~ 0.18 x lo-18. This 
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figure agrees reesonably well 1dth Brodsky ' s value , 

1 . 15 X 10-18• 

Now, in addition , K1 may be calculated from the 

relation 

• • • • • • • • • • • ( 30) 

where EO denotes Ste.ndard Electrode pot~ntis.l and Ks =-

Solub111 ty Product =-K1 . The values of E~ , , and 
.. :1; "'"'\. l. 

E~ ~lt have been accurately determined by electrometrio , •• ill.. 

measurements . Hills and Ivea (~2) found EO#tJ.-"1. to be 

- 0 . 26796 t O.OOOOl volt , while Bonner and Uni~tia (38) 

r ecently evaluated E0~~lj to be - 0.7969 ! 0 . 0001 volt~ 

Substituting these values in eque.t1on (30) and using 

the most r ecent figures for the Faraday F and the Gas 

constant R (39) we obtain 

log Ks -

whence 

2 X 96 ,495 X (0.5289 t. 0.0001) 

2.3026 X 8 . 3166 X 298 . 16 

- 17. 877 "t 0 . 003 

No\'r, as the ebove value of K1 was derived from 

accurately determined data whereas the figure 
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1 . 08 2 0 . 18 x 10"'"18 was obtained. by a m~thod of 

approximation, it was a s sumed that the valufl' 

1.32 ± 0 . 01 x lo-18 was the correct one . In the 

calculations to follow hence , K1 :::: (1 . 32 :t 0<01) x 10 - 18 

l!E. S us~d. The vslues of K2 to Kg used were as given 

in table 6. 

? • 2 . E<>Ti l.f.ATION OF THE CONCENTRATioN;_:; OF THE IONIC 
AND HOLECULAR SPECIE~~ PRESENT IN A '·\ATURATli:D 

SOLUTION OF CALO!~EL AT 250C. 

This compl~x problem was ta~kled by follo wing 

the me thod of successive approximation . The procedure 

was :-

(a) Reasonable values of the concentrations of 

the H+ e.nd Cl- ions we re ass umed - in the neiphbour­

hood of 8.2 x lo- 6 mole/litre . 

(b) The concentration of Hg~+ lone was calculated. 

or 
• • • • • • • ( 31) 

(In ell these calculetions the solutions are sufficiently 

dilute to allow molarities (c~ ) and molalities (m~ ) to 

be used interchangeably and activity coefficients to be 

te.ken as unity) . 
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Similarly the follot;ring w·ere cs.lculated 

(c) mt+ u m If ,.., 
(32) ~~ !1 K2 

. . . . . . . . 
(d) mH,a.+ = K3m lfja+ • wee . . . . . . . . (33) 

( e) m ~+,.oH.f K7m H!Jlf 
( 34) -

m If"" 
. . . . . . . . 

(f) mH,oH -t - K8m Hj ~+ (35) - • • • • • • • • m ~t+ 

( g) The total positive charge ( c~) present in a 

saturated CC!lomel solution W&S then evaluated 

. . . . . . ( 36) 

Since Cl- is the only s i gnific8nt e.nion c.r wss t he 

concentr~tion of ~-ions equivalent to all the c~tions 

except H+ ions. The ionic compone nts of the solu-

tion could hence be r egarded as a mixture of HCl at 

conc~ntration m•'* and the chlorides of the m~rcury­

conteining ions at total concentration c~ equiv9lents/ 

litre. 

We now require the conductivity of this mixture 

to be equsl to t he obs~rved value 3 ,505 nm/cm . The 

equivalent conductance of B0l ~t t he concentration 

8 . 4 x 10-6 mole/litre wse found to be 425 .6 ( see 

section 7.0) , A~tt and )\c.ebeing 349.5 a.n<l ?6.1 

r espectively. Kohlrausch estimated the equivalent 
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conductance of the Hg~ + ion to be 60 and es no values 

were available it was assumed that the ionic conduc­

tances of t he Hg~T as well as the Hg~ HgCl+ , HgOH~ 

and Hg2oH+ ionR were approxim~tely 60. Since , however. 

th~ se ions a.re responsible for less than o. 5.%. of t he 

totel conductance , the lack of t ccurate knowledge of the 

equiVP.lent conductences is not serious . We heve hence 

for the calo~el sol ution that 

muc.t 1\ ttct 
1000 + + c~ 60 

1000 = ~c.l .. •••• ( 37) 

wh~rei,J._ ::: specific conductance of the solution = 3 , 505 nm/cm. 

Substituting numerical ve.lues and rememb~ring that 

+ o.l36cv 3 505 X 10-6 
t 

or 

-- 3505 X 10-
6 

0 .lZ-6 eX: 
0.4256 

.• • • • • • • ( 38) 

Hence the next steps were : 

(h) A better ap~roximation of m:Arl was calculated. by 

means of equation (38). 

( 1) A be tter velue of mu- was then obtained by using 

the condition of electrical neutrality , 

Cy m c.t..- • • • • • • • • (39) 
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( j) With these new values th~ whole procedure (b) to 

(i) was repeat~d until the figures for m H"' B.nd mC(.- wer e 

self con r.ist~nt. 

By the above procedure self con£istent values of 

the concent rat l ons were found using both the maximum 

and the minimum figuri'!G for the equilibrium constants 

from table 6. The values obtained are giv~n below 

in teble 7 . 

Teble ? . 

m 1.6 (J ffi ;c+ 106m a- 8 
10 m,J!+ 10 10 m Nj.t+ 

8 10 m~ ce.+ 

max . 8 . 21 8 . 46 1 . 92 1 . ? 5 . 57 

min. 8 . 13 8 . 30 1 . 82 1.2 3 . 33 

m 8 8 10 m H,.aCH-f. lQ ffiHscH+ 106c~ Jlr n!11/cm. 

max . 23. 6 1 . 2 0 . 34 21 

min . 3 . 6 0 . 9 0 . 11 6 

The lest column giveA the total conductance of t he 

mercury- containing ions. 

The values found in this wa.y for mN+ corr esponded 

to a pH of 5. 088 :t 0 . 002. This was in excellent 

agreement with the extrapolat ed value of 5 . 085 Z 0 . 01 

which was obt ained from the ex~erimental results . (See 

section 6 ). 
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Thl!" total mercury cont~nt of a sc:.turat~d calomel 

solution could also be evaluated if the concentrations 

of the two unionised species , HgC12 and Hg(OH) 2 , 

were calculated from tht- relative equilibrium constants • 

K . ... 
(40) m 113d1. - m ~,.,. . m u,-- • • • • • • 4 ~ 

mH,_-H)L Kg m If. :1+ (41) - j . . . . . .. m"',+ 

Using the maximum end minimum values from table 6 

we found that mH ~ ~ ( 2 . 38 ± 0. 75) x 10- 6 and 
' 1,. 

m,.~A~JL::::;. ( 5. 2 ± 1. 75) x 10-6• The to tel concentration 

of mercury in solution is giv~n by the sum 

= ( 7. 79 ± 2. 63) x lo- 6 molt-/11 tre . 

This agrees well t:i th. the experimental value 

( 7. 4 :t o • 2 ) x 1o-6. 

~t has hence been shown that the experimentally 

determined values of the specific conductance , the 

pH and the mercury concentretion, while they lead to 

the rcther surprising concluSion that the predominant 

cons tituent of a Sc>turf'ted cs.lomel solution is HCl , 

' were in complete cgreement with the work of Sillen 

and hiR co-workers at much higher concentra.tions of 



81. 

mercury salts. 

The above calculations clearly showed that the 

conductance of a saturated celomel solution ~ .. .re.s 

largely due to the HOl present and h~nc~ the concen• 

tretion of HOl t-ras determined within narrow limits by 

the exp~rimental conductance value, which was though~ 

to be accurate to w1. thin 0 .151. The experimental 

pH value , although it wes in good agreement with the 

value obtained from the conductance , was bec~use of 

1 ts wid.er limits, not so restrict! ve and hence served 

only as a check on the correctness of the interpretation 

of the conductance work . The experimentally determined 

value for the total mercury concentration uas on the 

other hand much more precise than the value ( 7. 79 ± 2 . 63) 

x lo-6 mole/litre estimated from the corrected equili-

brium constants. J!'rom the experimental figure and 

the value m~: (0. 22 ±. 0 .12) X 10-6 , where mr::. m~~~~-1 m HJA-1 

+ mu , ... + IlL. 't m11 + • 1 t was deduced that the ff,...,. -"l'H# ~~ DH 

concentration of mercury in solution present as 

unionised salt s (HgCl2 and Hg(.OH) 2 ) was 

( 7. 4 ± o. 2) x 1o- 6 - ( o . 22 t o .12) x 1o-6 

_ (7.2 ± 0.3) x lo-6 mole/litre. 
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Now from the equilibria. (?) , (8) snd (9) ( see section 

? .1) 1 t is evH!.ent thet for every OH group in e 

hydro11s~d mercury ion there is a hydrogen ion in 

solution 1.~ . 

• • • • • • • • • ( 42) 

Substituting the V<?lueR of mp+ , m ~.,, ... and m ,~J-1111+ as 

obtain~d from teble ? into the eque.tion ;:-.bov~ it was 

found that 

(4.01 ± 0 . 0?) x 10-6 mole/litre 

It followed at one~ that 

(4.01 t 0 .0?) X 10-6 

: (0.2 '!. 0 . 4) x 10-6 mole/litre. 

The above valu~ s are 1-1ell vJi thin the re..nge a.s obts.ined 

from equations ( 4J )a.nd ( 41). The probable values of 

the concentrations of the·ionic ~nd molecular speci es 

present in a saturated calomel solution at 25°C are 

given below in table 8. 

Teble 8. 

Species 

H + 

Cl -

Concentr&tion 
mole/litre 

(8.1? ~ o .o4) x ·lo-6 

(8.38~ o.o8) x 1o-6 
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Speci es Concentre tion 
mole/litre 

Hg2+ 
2 

( 1.87 '! o .o5) X 10- B 

Hg2..f. ( 1. 4 5 !: 0. 25) x 1o-10 

HgCl+ (4. 95 ± 1. 62) X 10- 8 

Hg20H + (1.36 ! 1.0) X 10-? 

HgOH ..,_ (1. 58 :t o.66) x 10-8 

HgC12 (3 . 2 ! 0.4) X 10- 6 

Hg(OH) 2 ( 4. 01 ±. 0 • 0?) X 10-6 

?. :3 . DI.t>CU SSION. 

It is of interest to consider in det ail the 

meaning of the fi~~res in t able 8. In a satur~ted 

calomel solution at 250C we find t hat 97 .5% of the 

ionised material is HCl snd that only 0. 23~ of it is 

mercurouP chloride. The HCl is r esponsible for 99~4% 

of the conducta.nc e of the solution , the r emaining 0.6% 

+ -b eing due mainly to the rlg20H and Cl ions . Of the 

total mercury in solution 9? . 3~ is in the form of un-

1onised mercuric salts , 54% of this being Hg(OH) 2 and 

reduction 

Th~ metallic mercury produced by the 

2+ 
Hg( s) + Hg 
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is precipitat~d out of the solution. 

If hydrolysis did not occur the solubility n 

and the solubility product K1 would b~ relPt~d by the 

simple equa.tion 

m ~ - = S(2S )2 
~ 

- 4S3 

so thet th~ solubility would have been 

So 
• • • • • • • . { 43) 

= 7 . 0 x 10- 7 mole/litre . 

Due to the actual complicated situation , however , the 

answer obtained for the solubility depends on how this 

qusntity is defined. If it is defined as the concen-

t r ation of the mercurou s chloride itself in solution, 

th~n from tabl e 8 , B1= (1.87 ± 0 . 05) x lo-8 mole/litre. 

If , on the othe r hand , 1 t is o.efined as tlte number of 

moles of solid obta.ined on evppora ting down a litre of 

saturated solution after filtering it , ve find , 

remembering that HCl if! vol~.tile~ 

(7 .4± 0 . 2) x lo-6 mole/11 tre. 

Alternately the solubility y may be determined by 

taking say xmole s of ce.lomel , equilibrc.ting it vri th a 
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litre of water end then de t ermining the numb er of 

moles , z , remaining undissolved. y is then defined 

as equal to x - 2: . • But in the case of celom~l it 

should be noted thet for every m~rcuric etom in the 

solution one stom of metellic mercury has be~n pre­

cipita t ed , i . e . (7. 27 ! 0 . 5) x 10- 6 mole of Hg . Thus 

if the solubility were determined by filt~ring off 

the r esidue and d~termining the loss of weight the 

answ~r would be incorrect. 

Expressed in grams ~er litre t he abov~ figures 

are 

So 3 . 3 x 10-4 g/litre ; 31= (8 . 8 ! O.l)xlo-5 g/litre 

s2:. (3 . 5 t. O. l) x lo- 3 g/litre . 

7.4 . CRITICI :~ OF :?REVI OUS WORK. 

The different values of the solubility {S ) 

found in the literature e.re given below in ta.ble 9. 

Table 9 . 

Temper ature 
oc 

18 

25 

20 

Solubility of Calomel. 

Solubility Authors. 
xlo4 g/1 

2 .1 Behrend 

4.7 Sherrill 

3.8 Ley end Heim-
bucher 

Dete. 

1893 

1903 

1.904 

Ref­
erence 

No . 

2 

3 

4 
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Temperature Sol~bility Authors Date Ref-
oc Xl0 g/1 erence 

No• 

18 21 Kohlrausch 1908 6 

24.6 28 Kohlrausch 1908 6 

Behrend, Sherrill and Ley and Heimbucher deduced 

their values of solubility from e .rn. f. measurements 
-these vaJues 
an~rere ther~fore really estimates of So made 

s.ccording to equa,tion {43). These figures , therefore 
1 

bear no relation to the actual amount of calomel 

dissolving in a litre of solution. 

Th~ work of Kohlrausch cells for some comment. 

He found the specific conductance of a saturated 

calomel solution at 24.6°0 to be 2 , 130 nm/cm. as 

compared with 3 , 505 nm/cm. et 25°C as determined in 

the present work. 

Kohlrausch obtained his figur~ by subtracting 

the conductance of the water , determined s~parately 

as 2 ,200 run/em, from the total conduct~nce 0f the 

solution, 4 , 330 nm/cm. He , however, comple tely 

underestimated the e.mount of hydrolysis, estimating 

only that his result may be in error by as much as 

50% due to this cause. The lerge H+ ion concentration 

would repress , not only the ionisation of the water, 

but also most of the ionisation of the C02 rri th l·Thich 

Kohlrausch 1 s water wes seturat·ea at atmospheric 
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pressure. H~nce , by simply subtracting the conduc­

tance of the water , Kohlra.usch was in· effect over­

correcting considerably for the solvent conductance . 

It is reasone.ble to estimate that in a.ctual fact the 

solvent correction for Kohlrausch 1 s calomel solution 

was only about 830 nm/cm. , so the.t his figures are 

not ~ecessarily inconsistent with the present ones. 

The great advantage of using ultra-pure we.ter in 

conductance work is therefore evident . 

----
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