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ABSTRACT



Abstract

the potential of a Ag - ¿g(cNs) electrode E. â saturated

calomel was determined for a series of thiocyarrate solutíons rang-

ing from 0'cÐ1 M - 0.10o M, these solutions with total metal-

ion concentrations varying from 0.025 ¡t to O.Z5 I'rL, were used. to

measÌrre the degree of metal-thiocyanate corplex formation. All
solutions were kept at a constant ionic strength of 0.50, affusted

uith sodiura perchlorate. Essenti-al3¡r a neï¡ application of the e,m.fo

method (tfre aetermi¡ration of fo¡sration constants from free ligan¿

eoncenbration data, rather than from free metal concentration data

previousþ used) was introcluced for the fuzther investigation of

netal-thiocyanate corçlexes at relatively low ligand concentra.tions.

The fortnation constants of the fi-rst two cadmium corplexes r¡ere de-

+"er¡rined to be 27 "5 and 10! respectiveþ"
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I}NRODUgTTON

I .A,lthough the thiocyanate corplexes of cadn:ir¡n (ZrfO) and beqyJJium

have been knorrn for some years, onJy fragrnenta:¡r studies have been rnade

on their formation constants. leden (16), in Gerrnary, deterrnined the

fornation constants of the first three mononuclear corplexes of cadrnium

thiocyanate by neasuring the free rnetal- coneentration ¡rith ê.trrofo

measurements and obtaj¡¡ed KI= 2b.5, KZ = )6, and, K3 = 380 where the

ctrmulatiræ fornation constarrt is defined bf;
2-x

K* = Cd (CNS)X

f,r*-] [ci'tsJ 
x

based on the equation . A

cd++ + xcNS ;l cd(srsf-x

Hurne, Deford and Car¡e (tt) were able to determine the formation

constar¡ts of four thiocyanate corq>Iexes of cadnium with a polarographic

technique þr measr:ri-ng the free metal concentration. Their rralues are

KI = 1I.5, KZ = 56, K3 = 6, Kh = 6Ot considerabþ different from those

obtained þ ï,eden"

Colub and Biþk (15) stud:ied the cadmium thiocyanate corplexes with

spectr.ophotoneùric and potentionetric nethod,s, and postulated three species

si:¡rilar to those deternined in Ledents worko They reported that at low cotrcen-

trations only Cd(CNS)+ was presento From 0"22 M thÍocyanate to I.O"M,

Cd(CNS)2 wa.s the corçIex formed and at higher concentrations Cd(CNS)j

r¡as the predonr-inarrt species present,

The forrnation constants obtained þ the three independent groups

are at a substarrtial dissagreement, thus meritj¡g additional investígations

i:r order to attempt a reconcilíation of the cor¡flicting data"
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R. Bock (5) r¡ho has done a considerable amount of researcrr

on the extractability of rnetal thiocyanates into ethyl ether, reportea

that berylJium was extracted into the organic layer when the aquenous

phase contalns a thiocyanate concentration above 1.00 M. IIe stated

ii,inaj- 92/" enbraction tras obtained. at 7"OO M thiocyanate. The exbrac-

tion of nretals into organic liquids rdth suitable ligands (ie. cNs;

CI] tUH3 , etc.) present, is erçlained. in parb by the faet, that the

neutral metal corçlexes formed under the conditions described., show

a preference to dj¡¡olve i¡r the organic solvent rather than ín the

aqueous phase. This?esolubility"or ¡¡æta1 exbraction i::to organic

solvents, is a funct,ion of the conplex, the ligand (pH at t i:ræs) and

the type of organic r¡olecule presenb. A surrrey of the literature

rer¡ealed that no one had reporbed the formation constant of berylliun

thiocyanate, assuming the conplex d:id exist"

In vier^r of these facts, an inriestigation of the forrnation

constants of the berylliurn and caùnium thiocyanate conplexes at lon

thiocryanate concentrations was underbakeno
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OBJE6T

The objeet of thÍs investigation ¡¡as to obtain the formation

constants of ber1rlJ-íum and cadrn-i.um thiocyanate cornplexes at a relatiiæþ

Ion coneentrations of tlrioc¡ra¡ate. After cor¡sj-dering the nethods

available, it was decided. that the €oft.f. raethod using the Ag - ¿g (ClüS)

electrode rsould be tbe rpst conr¡enient and for the foJ-lowi¡g reasons:

Reversible eLectrodes ¡¡ere available for the 1o¡r concentration

ttfOfk.

The apparatus was relativeþ easy to asseilrble and ¡rorrld be

of r:"se for further investigation of thlocyanate conplexes.

Since for"rnation constants of cadmíum complexes based on free

metal concentratj.on measurements were j¡r some disagreenent,

free ligand concentration measure¡rents would be a conplete3y

independent criterion to use in eira}rating the formatÍon

constants.

I.

2,

3"
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Material s

Throughout the nork conductivity water, freshþ distjJled and

collected near its boillng poi-ntr was used for the preparatÍ-on of all

solutionsr â11 finål washings and rirrsings of eleetrode ce]-ls, pipettes,

and other puryoses related to the ¡vork.

, Reager;rb Grade potasslum thiocyanate, berylJium nitrate, cadmium

nitrate, anrnonium n:itrate, sod'ium perchlorate and perehl-oric acid were

used in the inæstigation without fr:rther purification. The potassium

thiocyanate T,ra"s dried in a¡¡ oven at 13Oo C.

¡LL solutions l¡ere made up on a noLes per líter basis, and are

in error, þ synthesis, no more than I part in 1000. The error Ís estj¡n-

ated from; weighing of salts to within, lO.2 mg. and using 50 tnl. pípettes

i^rith an accuracy of I O.Ol¿ rnJ-. Errors of this magnitude would contribrrte

less thar¡ 0.0.l+ rnv. to the potential of the ceLL, seeing that a ten-fo1d

change ín tbioeyanate concentratÍon is equal to 60 mv. in the change of

tbe ceLlts potentialn

The silver oxide used to prepare the sÍJ.ver-silver thiocyanate

eleetrodes was purified. W R. Tanu¡saki. (26)

App-aratus

The r¡ater thermostat bath (16n],, 13tqìI, l5ttD) ¡Eas controlled

at ZSoC by a mercury regulator which lras connected with a conr¡entional

triode relqy circuit to a powerstat controlJ.ed heater. Effective

circulation of the water was ¡n¿r:intained by haui¡rg a stirrer housed within

the heating coil u¡it" Tenperature control was maintained ¡rith Í.OLo of

Z\,OoC as shor,nn by tenperature measuret¡Þnts taken r',rith a leeds and Norbhnrpt
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Èype 8160, platinum resista¡ce thermometer standardized by the

manuJacturer and corpared to a second thermorneter ealibrated by the

National Researcir Counci-I (Canada). For this purpose a tsrueJ-Ier bridge

nade by the ftubicon Conpargr lcas used- Tt lras standardized with a

Rribicon one ohm Wo. 5629h stand¿rd resistance coil.

The electrical ræasuring systera consisted of a calibrated

Bubicon Type B potentiometer, (úxith errors Ín potential no greater than

O.OL/") a Leeds and Northnrp fþe E galnanoreter ¡rith a sensitivity of
_7 _1

h"6 x 1O 'arn¡). mn. -, and. an Eþp1ey standard ceLL with an e.m.f. of

1"01936 r¡oIts. the Eþpley ceIL was of the r¡::.saturated, low resístance

type with a negligible temperature coefficient. The entj¡e system,

includ:ing the water bath, was carefully grounded and shielded against

stray potentials. The reference electrode was a Photovclt saturated calomeI,

Catalogue No. 1105"

Method

A ceLL was co¡r,gtnrcted using a sih¡er-silver thiocyanate electrode

and a saturated calo¡¡el as a reference electrode. A d:iagram of the elec-

trode vessel is sho¡r:r in figure 1-"

Although the silver-silver halide electrodes have been the subject

of nany investigations, the sih¡er-silver thiocyante electr"ode has receiræd

little attentÍon. In the early 1900t s soÍre stud:ies (1rór13r1iUt7) r'¡ere

ai¡red at the enal¡atíon of the solubility product of silær thiocyanate;

later investigations by Pearce and S¡ruith (1p) an¿ Aditya and Prasad (2)

sought to d.eterm:i.ne the Eo r¡alue for the electrode" Recentþ e956)

Va¡rderzee and Snrith (Zlr) at the University of Nebraska have made a care-

ful study of the thennal. electrolybic type (12) electrode, and it was
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essentiaLþ their procedure that r¡as followed in the preparation of

the Ag-Ag (CNS) electrodes.

Solutior¡s of potassium thiocyanate ranging fro¡a O.OOÏitf to

0.2Ì4 were prepared by addi.ng a weighted aroou¡t of salt to distilled

water and affusting tbe ionic strength to 0'5 r¡ith sodium perchlorate.

Simi3-arþ a series of cadnÉum and berylliurn nitrate solutions were

prepared ranging from 0.025U to O"25I4. A saturated ammorrium nitrate

solution was used in the electrode velt.el to provide electrical contact,

between the calo¡ræI and sihær-silver thiocyanate electrodes. The

potential arising at the a¡rnoníum nitrate solution-thiocyanate solution

junetion was considered to be constant, due to a steady salt background

(ionic strength at 0.5O) and relatir¡ely small- cha.nges j-r¡ the conposition

of the thiocyana.te solution. The liquÍd junction potential (when steady)

is unirnportant where only the dj-fferences of ê.Irofc read:ings are used

to calculate the free thiocyanate concentrationso

The potentials of the thioc¡ranate solutions rüere measureci against

that of a saturated calorræI. These measureûþnts were repeated n'ith

sjx ðifferent electrodes and all agreed to r¡tithin 0o3 mv. The e.m"fo

values were plotted against the 1og of the thiocyanate concentrations on

a large graph (scale of Ï¡rsn.=O"2 mv.) and this graph is shown on a

reduced scale in fugre 2. Ser¡eral poirrbs on the qranh were redetemnlned

every week and found to be reproducible reithin 0o3 mv.

Vanderzee and. Sn-itb (2h), Pearce and Smith (19)' and Aditya and

Prasad (2) have reporbed the Eo value of the Ag-Ag(CNS) electroae aL 25oA

to be O.OBgh9, O.O9h?, and 0"OB7B r¡olts respectiveþ" Tn our investig-

ation it ¡ras found that Eo = 0.09h0 volts when arry liquid junction

potential was neglected and an estj¡ated activity coeffícient of



o

Fig. I.. the e lectrode ve sse L

e lectrocle s ($) and a saturated
i I I u strating two å,g-eg (Oi\ Þ )

c aLo¡ne f (¿) .
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4"770 for a 0.10 M KCNS solution (the activity coefficient used. is
that for KCl, see rer. 26) was used in the l,Iernst equation. The

potential of the saturated calo¡r¡el nas taken to be O.Zb]jS rclts (2ó)
in calculating the Eo ra^lue. The potential of a saturated calornel is
not quite agreed upon among di-fferent researchers (var¡ring from o.zl+o

to 0.262 volts) and. this courd. account for our Eo r¡alue rceing high
comtrrared to those deternrined þ vanderuee (z\) and Aditya (2) who

enployed a þdrogen electrode in their research.

Th'e resulting e-m"f. of a solution containing an equinrolar
volu¡æ of netal to thiocyanate hras recorded (Tables 2-6) a¡rd. used.

to read directþ from the graph (r'ig. 2) the free thiocy.anate

concentrationo
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TABTE 1

E.luloFo (Àe - ¿g (CNS) electrode vs. calomel)

for various concentrations of K0IVS"

scls-

rnolesr/Iiter x lß3

Eolf.F.

volts x lolt

100.0

90.o

80.0

75.O

óo.o

50.o

ho.o

30,o

25.0

20.0

10,0

9.0

B.o

7.0

6'Q

5.o

h.o

3.o

2"0

1.0

o"75

785.o

755.o

725.O

71i+.0

653.o

605.0

5h5.o

h73.0

h2B.O

367.O

190.0

158.0

]:29.o

g5.o

55.o

10"0

5o.o

120.0

225.O

b35"o

lr82.o
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Prepa{ation and Beba¡riour_of the .&fi:åg(tNS) Electrodes

A platirnrm wire spird, I cmo long and 3 ¡nn. in d:lametero

one end mounted in soft glass tubing, was packed $rith a paste of

pure silver oxide (26), dried in an or¡en for 5 horirs ñ 1+25 - l+5ooC

and allo¡red. to cool overnight. This left a layer of white shirry

silver on the platirmm spiral. this silver base raas then made the

a¡ode in a solution, 0.20 M l'rith respect to potassium thiocyanate

a¡ld 0.0ó II in perchloric acid. A current of 0.1+ to 0.7 rnillianperes

rüas passed through this solution for a period of one hour. Electrodes

were al-lowed to equilibrate in a portion of cell solution for J days

before use. They normal-ly reached equilibriut valrrc,s in a day, show-

ing Iittle change in potential after the first 12 hours"

The electrodes prepared in this manner are generalþ gray Í-n

color; although occasionally one would be quite dark, it wouJ-d show

no difference i¡¡ potential or behaviour. The electrodes were rnade up

in groups of five. Argr one electrode differing fron the mean r¡alue

ty rnore than 0.3 mv. rtras discarded" After the initial equilibratÍ.ng

period, the electrodes were found to adjust to the changes in con-

centration (CltS-) quite rapid3y; constant êrlil.f. rralues r'rere

reached in 15 to 20 rn:i¡uteso
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Theoretical Discussion

In recent years, an increasing amount of interest bas been

shor.nr j¡ the problems associated ü¿th the for"rnation of corplex ions

in aqueous solutÍons. In a classical review, Bjemrirn ()+) has poirÉed

out that tbe fomation of conplexes always appears to occur in step-

wise fashion, r,rith the stabj-lities of the r"arious complexes MA¡ r

characterized by a series of formation constants K¡, ..... K¡.

There are availabl-e onþ a J.Í¡nited number of general

mathenatical methods for the ce-lculation of successÍræ formati-on

constants, although a variety of slight modi-fications and specifíc

applications of these general forrmrLations have been made by a

nrimber of investigators. The three general treatnænts found j¡ the

literature are those by Leden (16), Bjertrrm (3), æd Fronaeus (p).

The theory of calculating formation constants from erçerjmental data,

in an abbreviated fortn, is given below"

Symbols

fu = total metal concentration in mol-es per liter.
(ltÐ= free (rxrbound) metal ion concentration in noles per }iter"

CA. = total ligand concentration in moles per liter.

(A)= free (unbound) lig¿nd coneentrat,ion in moles per liter.

MA¡ = concentrati-on of corç1ex in moles per liter.

n = artÍ integral value fronr 1 to N"

N = the nw,iber of ligands bound to the highest conplex, ioe.

the largest number of ligands bou¡d to a corçlex.

K = the forrnation constant (f,aw of l{ass Action).

The stoichiometric forrnation constant of the mononuclear

conplexese I4An , (O(n(lf) formed from the central netal ion, M,
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and n Ii.gands, A, is defi.:eed by

K - Mltn

(u) (¡)'
uhere charges are ornitted for clarity"

The total metal concentration is given þ:

q4 = M + MA + 14AA + M3 * ...M-4,ñ

ttN
or ch = !,[ * fr¡r(*)" = f r,r(u)(l)" (z)

and the total ligand concentration is giræn by a s'irnilar equaÈion:

CA = å. + MA + Nþ + 3 IAl3+ .. o.N 1{A1g

^. ìlhence C¿ = (A) + 2 nrr, (i't) (¡)n (3)
¿rrl a I

The degree of formation of the system, oT ligand number, 6,

rnay be defined as the average nu¡tber of ligands combined wÍth each

central group or metal ion"

Thus: ; = c¿-(¿)

tu

Then it fol].ows from equations (2) and (3) that

,-=M
; = f rrrn (t)t

/rt3a

n=N
I Ko (¿)'

m=o

(l+)

(5)



0n rearrangi::g equation (ó) one obtains thegeneral fornula

belo¡¡:

Kr+Kz (2-;)
(1 -n)

-t6-

^= l/
å (ã - ") Kr, (a)'

.rr 
=O

=$ (ó)

n
*r:l/

talijC" - Ð Kn(Â)n-I

-=3 (r - ã) (7)(r - ;(a)

In any experiment, the total- concentrations C¡,r and C4 r

of neta] and ligand will be knonm and, in principle, the determi:ration of

at least N va1-ues of the concentration of one of the conplexes is suf-

ficient for the conputation of the fortnation constants. A set of

values for ñ a¡ra (A), r.rhen substitued. into equation (7), wil1 yield

the forrnation constants. The equation itself (7) may, however becorne

very díffícult to solve when three or rþre complexes are forrred in

the sa¡ne systerrn. The value of ñ is calculated fro¡n equation (l+), Ðd

(3.) r"y be obtained. erperimentally in a variety of w€ìys, i.e. from

€dil¡fo nÞa"sure¡¡ents, spectrophotometricalþ, solubility methods, from

di.stribution coefficÍents, etc.

In order to test for the possible presence of polynuclear

conplexes, iltea'surerents ¡rere made at a nurrùer of G* va-Lues. That is

to say, iJ a poþnuclear conplex Mo{, (p ) I) is present, the formation

consta¡rüs calcul¿ted from equation (7) ï'ritl. vary røith the differesb

retal concentrations used. Si.n:ilarl¡rr f ñ is a function of both (A)

rttd CM, at least one poSynuclear conplex is presentr Ðd the fonnati on

constants ea¡not be calculated by the conventional methods, unless the

data can be exbrapolated to 1ot'¡ metal concentrations at which poly-

nuclear conple:res can be neglected (23) " If no poSynuclear corçlexes
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are formea, i :-s a function of (A) onþ, and is independ.ent of Cr,.

This fact provides a sirçle test for presence of poJynuclear conplexes,

narneþ, a plot of ã against (A) wiJl yíe1d a smooth curæ for all

n¡ononuclear conplexes, and separated cu"rves for data containi:1g any

po3ynuclear cor4:lexes.

In the case t¡here the fj-rst two cor,plexes can be detected,

a¡d. the h.igher corplexes are neglected (because of the very small

quaritity present), equation (7) points out that a plot of --3(r - n) (¡)

against (2 - ã) (a) yields a straight line of intercept KJ and. a

(r-ñ)
of K2. The above consideration is a special case of Rossottits

method (21) for the deten'ij¡ration of formation constants. The above

procedure was used in our investigation for the followj:rg reasons:

(a) Hune a¡-rd Leden (references ll and 16) both reported

that only Cd(CNS)+ ancl Cd(CllS)2 could be detected below

0"3O 14 thiocyanate.

(b) trrihen a speeial case of Rossottir s n¡ethod (given above)

was applied to our data, a straight J-ine plot was obtained,

providing cor¡fi.rmatory evidence for the existance of onJ¡r

cd(Cl{s)+ and Cd(cNS)2 at 3.orv ligand concentrations.

Watkjns and Jones (25) have reeentþ sbowr that a rela:ratj.on

method. ca¡r be applied. mather,'ratically to a serj.es of li¡rear equations,

containing Kts, õ and (A), to obtain the various K values. They harc

demonstrated the nethod by recalculating nurlÞrous eguilibriun con-

stants fro¡n the published. data by l,eden (16)r ilune (11) and Bjernrm

(3) " The table gÍ-ræn below j¡rdicates the agreeroent betr¿een var-ious

1{!¡ calculated by the dj-fferent inves'r,igators"
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Leden

Watkins * Jones

s¿(Br),,

57

57

2n

2æ 2000

2100 50o0

6000

Bjemun

!úatkins + Jones

235 6.t+|¡ÍJoh 2.Qtpr1QT 2.88x109

¿¡(NHr)r,

zl;o 8.0:¿04 2.oxro7 3.oxlo9

Hr¡me

cd(cNs)n

Itatkins * Jones

The relaxation nethod car¡ be applied in the caleulation of

successive sÈability constants in conJunction with the most commonly

used experimental methods. It has the advantage of being capable

of giving answers even in systems where large nr:nbers of complexes

are present and, in fact, it is here that i-tts advantages are seen

most forei-bty. The ease r,¡ith which the method. can be used j-n the

solution of linear algebraic equations w'ith large numbers of r¡nkno¡rns

is an advantage over graphical methods. The method is superior to

the use of determinants in the respect that it is an approximation

æ

58I

56

58

11
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method and in the respect that any nrrnber of equations equal to

or greater than the number of unhrowns can be used. In working

w'ith nore equations than unknoÞrns, poor data r¡'ilI not rel¡x as

far as good data when the najority of the data is reraxed a¡rd this

gives an indicati.on of the most suitable poi-nts. From these

considerations and the example cited above, it is obvious that

the relaxation ¡lethod is best applied to systems of three and

more complexes, where the determj¡ration of successive Kts is rather

difficult by graphical or conventional approxination methods.

Tl¡e relax.tìor, nethod has the disadvantage, characteristic of

most algebra.ic methods, of treating the equations as exact and i-s

not as flexible as graphical methods in allowing poor data to be

selected and discarded. The results obtained are in good agree-

nent with those obtained by other methods.
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Results

rn Tables z - 6 are giræn the experimentalJy detenr¡-i-ned.

molar concentrati.ons of free li-gan¿ (A), along r,rith the calcu1¿ted.

values of ñ, etc. The assun'ption that arqr ehange in potential of

the Ag-Ag(cNs) electrodes is due eubirely to conplex fosnation is
i:tplicit in the interpretation of the data. This assunption was

felt to be rralid because arry vari.ation in the liquid junction

potential between the sod:iurn perchlorate - thiocyanate rri:rbure

and saturated ammoni.um nitrate ¡sould be insignificant at 1or¡

thiocyanate concentrations (2O)"

A thorough i-::vestigation of beryllium thÍocyanate solut,ioræ

revealed no colrylex forrnation that could be reasured accuraiely by

the eom.f. technique, From the data (faUk 2) recorded at 0.10M (CI\TS)

concentrations it can be estjmated that K1 for Be(cNS)* ís less tha¡r

OoBr j-f it does forrn under the conditions described., At a thiocyanate

concentration of 0.301{ a substantial difference in voltage (2 nv")

roas observed., al ong with some fluctuatior¡s Ín potentiar due to the

increased forrnaiioir of Ag(CNS)-2 off the electrodes. The electrodes

used. at this high a concentration (O.3Ot¿ Cllls-) had to be replaced ¡,rith-

in two days of use, and. henee the data obtained from those runs T^Tas

di scarded.

The cadmium thiocyanate solutions, on the other hand, did show

tpderate conplex fonnatj-on. The for¡ration constarrts of the mononuclear

cadmiurn thiocyanate corylefies r'rere determi.ned graphically b;,r Rossottit s

method. (exa¡¡efe see Fig. h & 5) for all four sets of data (tables 3 - 6) o

ar¡1 are giiæn belowo
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T¡3T,8 2

ExperÍmental Data and Related Quarrtities for Berylliult - Thiocyanate

Solutions o t
frû1

f .ilof .

volts x loh
cAq4 (¿) K1

h2B"o
605.o
711+.0
785.0

6o5-o
775.O
BBO"O

955.o

6o5.o
785.o
9óo.o

785.o
955.o

1o5o.o

780.0
955.o

1O5o.o

a.o25rq,
.o25
.o25
.o25

o.o5oM
.050

"o50
.050

0"100M
.100
.100

0.30If
.30
"30

0"501"i

"50.50

o"025M
.o5o
.o75
.100

0.050M
.100
.150
"200

0.o5oM
.100
o2O0

0.looM
.200
.300

,100M

"200.300

o"o25r4
.o5o
.o75
"100

0.0501'l
.og6
.1)r5
.f:95

0"050M
,100
.]:9T

0.100M
.191)
.285

o.0gB

"195
,285

:
0.3

o.2
0.1

0"05
0"05
o.10

t"B
o.h
o.5

Note:
A change of O.$ mv, j¡r the potential changes Kt by .l+, hence the

the K, values given harre 'very Iittle meaning, considering that

the potential is obtained with an accuracy e¡ I ¡.3 mv.
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TABLE 3

Ex¡rerimental data and Related Quarrtities for o.25þr 6d. solutionso

Note; eoncentrations of solutions given inrqo].es,âitre, €om.f. is
the potentÍal of Ag-Ag(SCÀI/eÍectrod.e r¡s. cal-omei.

enm"f .

vol-ts x loh
nC4 (A) n

ÏË,IGT

325"O

2ho.o

121+.0

69.o

255.o

hl+0.0

5b5.o

0.100M

"o75

"050

"o25

.or25

.00625

.001+0

0.ouM

"0]125

.oo77

.0036

.0018

.0009

.00059

.330

.250

.uo

.085

.0,l+3

.o2r

.01h

29.2

26.5

26.1+

26.O

25.O

2b.2

23.6

.0h2h

.029]-

.0u0

.oo75

.0037

.0018

.0012

TABT,E 4

Experfurcnbal oata and Relateri quantities for 0.10!l Gd solutions,

ê.Iß. f .

volts x toh
C"A

(¿) n ñ
1Ën-ITAI-

+ 5l+0"0

ùl+5.0

318.0

l-21"0

- 8o.o

262.O

b25.0

0.1001,i

.o75

"o5o

.o25

.0725

.0062'

.00b0

0.039t{

.o27

.0165

.0076

.oo3h

"oor73

"00110

0.ó10

.)+Bo

.335

.17h

.091

.0h5

"o29

Lo.1

3l+.2

30,5

27.8

26.9

26"3

26"2

.1390

"0789

"0,l+10

.0168

.QO72

"oo35

"oo22
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TABIE 5

Ex¡rerimental data and Related quantities for 0.05II cd. solutions.

ê.rl.f .

volts x loh
C¿ (¿) n n (z-ñ)(¡,)

GÐTÃ:r i(Ëïr-
* 653"o

518"0

l+35.o

235.O

35"o

- 150.0

262.O

0.1001i

"o75

.o5o

.025

.oa25

.00625

.ooho

0.0601-{

"0h3

.026

.012

.oo55

.oa265

.o0170

.Boo

"óho

.l+86

"260

.11+0

"o72

.01+6

66.o

l+t.3

35.5

29"2

29.6

29"3

28,)+

.3óoo

.1630

.0890

.0280

.0120

.oo55

.oo35

T.A¡LE 6

F,xperÍmental data and Related quantities for 0.025I{ Cd Solutions

ê.ÍI.f o

rrolts x loi+
(¿) n ñ

ll
n) (1 -ñ)

720.O

635"O

5t3"o

310.0

118.0

65.o

180"0

0.100M

.o75

"o50

"025

.o].:25

.oo6z5

.00iJ0

0.078t{

"056

.o35

.016

.00?6

"003?

"002,I+

.BBo

.760

.óoo

J6a

"lg6

.f:oz

"06h

9L.2

56.L

l+2.8

35"1+

32"O

30"7

29"5

.5100

.28go

"1230

.ohIo

,0170

"0078

"0050
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I{etal Concentration K1 K2

0.25 M Cd

0.10 M cd

o.o5 M cd

o.o25 M cd

2h.5

26.0

28.O

30.0

rl.5

ro2

9B

105

Average K & deviation 27.5!3 105!10

A plot of ñ vs. (¿) as a test (21) for polynu-clear conplex

formation i-s given in figure 3. To within erçermental error no

polynuclear species seem to be present, for the points fal1 on a

smooth curve going through the origin. If any poJynuclear conplexes

wer€ present one would find the points of different metal concentration

data giving paraJ-lel curves (22) , the separation of the crlrves indicating

the degree of poþnuclear complex formatj-on.



CONCTUSTON



-24 -

Conclusion

The formai;ion constants obtained jn our i.nvestigation are of

the same magni-tude as those deterrnined by T,eden (fó), but vary þ a

factor of two when conpared with the work of Hune (11) or Golub ancl

Bilyk (15)" Hurne (11)¡ and. his coworkers, reported that the forrnation

constants deterrnj¡red under variable ionic strength showed a deviation
++of - 5 for K1 , and - li for K2 " The methods of calculati-ng the

formation constarrts (graphical, approximations, relaxation, etc. ) can

cause a deviation as large as ! Z5% of the K values, as shor,rn in the

chapter on Ttreoretical Discussion. In view of these possible dj-fferences

i-n the K values deterrni.::ed among the various inr¡esti.gators, our resu-Its

conpare very well with those obtained þ Leden (16), as seen i¡ the

chart below.

K1 Kz

Author

Leden

Hume

Golub

2b.5

11.5

Bo.o

27 "5 rc5

96

56

r.75

The d:isagreement with the formation constants deternrined. by Hume

and Golub is not so great when thej-r experimental conditions and bai¡ic

assumptioils are carefulJy exarn-ined. Golub and BiJyk (15) postulated.

that onþ Cd(CNS)* *"s fonned below 0,22 M (CruS-). Thís postulation is

contrary to the interpretation of the data given by f,eden (16), Hrme (11)

and our investigation. If, howeüer, our data is cond.itioned to Golubts

assunption, a K, value of approximately ?O is obtained for a thiocyanate

concentration up to 0"10 M. Thís K1 would be larger (v 100) if data

up to 0.20 M (CNS-) ¡'¡ere available, seeing there is a steartr increase in
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KI r,,ìith an increase in thiocyanate concentration (see Tab1es 3 - 6).

I{u¡ne (Lt), in his investigation, used a range of thiocn'a¡ate cofìcêrr-

trations from 0.10 M to 2"00 M" hlith these relativeþ more concentrated

solutions he was exarnini-ng the third a¡d fourth con¡plexes carefulþ,

while onþ a smal.l porbion of the ligand concentration ¡vas bound up

in Cd(CNS)+ and Cd(CNS)2. It is evident that his K1 and K2 values

are apt to be in substantial error, because his proceduve far¡ored

the formation of the higher conplexes. tlith the above considersÈions

i-a nrind, the apparent contradiction in tTre forrnatíon constar¡ts deter¡rined

by the various researchers is real1y abolished, and the deviations are

r,¡ithin the possible errors encountered jn the e:peri:nental and theoretical

procedures"

.4.. surey of the chart on page 28 rer¡eals a gradual jncrease i¡r

Kl (21+.5 - 3O.O) r¡ith a decrease i¡ cadmium concentration. The possible

errors in our K values, taking into account e,m.fo readingSr m:ixing of

solutions and graphical treatment of the data, is i fOl for K1 an¿ 1

2}ol for K2 . The gradual increase in K1 values, which is in the range

of experÍrnental error, could possibþ show the presence of srnall amounts

of the third cadnrlu¡n con:plex Cd(CNS)j ' The Cd(CNS)i conplex, if present

below O"1O I{ (CNS-), is negligible as far as the theoretical calculation

for K, and K2 is concerned. For j-f substantial quantities of Cd(CNS)J

had been present, the data rEould not har¡e yielded a straight line p1.ot as

shor,¡-n in figure l+ and 5. rn our investigation then, only cd(cNS)+ and

Cd(CNS) could be detected e:çeri:nental1y below a tenth molar thiosyanate

concenirat,ion"

The exbraction of cadmium, from aqueous thiooyanate solutions,

with organic solvents can be correlated rdth the normal exbract,ion of
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metal thiooyanate conplexes. The exbraction of berXrllium under

sirni-lar conditions is noi si:pþ the exbraction of the complex,

for the formation constant (¡ O.Ð of Be(CNS)+ could not account

for 9O/, exbraction reported by Bock (l). The deter.*mination of the

beryLliurn thiooyanate for-mation constants at relativel¡r þigþ

thiotyanate concentrations is inevitable before arry explanation

for high berylIiun exbraetion lri11 be possible.
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