‘egmplex formation constants

obtained in thigiWog \ turé.values usins the same

ﬂ'lJEl’JVIEWI’iWEI']ﬂ‘i
ﬂmmmmumwmaa
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From Table 6.1a, it is obvious that the value of
By = 5.00+0.10, obtained here is slightly higher than that (31-.-11.5{)}
obtained by Lutfullah & Paterson (2p). The authors had admitted
that there was considerable ambiguity concerning their value being

o
due to the non-unique solution obtained from the determination of E.

Aduldecha & Korbratna (21)y: ‘ghat this value ( 51 =4.50 ) gave

Agn2+value of ZnCly ineonsistedfWfiu those obtained from the

= _,‘ nvastigated the complex
formation constaghs : : ‘ otentiometric titrations
using liquid zigl g \\\ onstant ionic strength
. ‘ . .1b, are given in terms

of the concentratiog cgmp £ g snstants, Bfl, defined by

To compare tHeSe

J

converted to the

complex  formation
r.-onr:antr ion complex formation

c:natants Flﬁfﬁ’?fﬁmfwmﬂ? They are listed

Table 1b. The two sets of results are 111 fairly good

TN ST <

The values of 52.«. 33 Bll are about 1.

constants were

From the results of the species concentrations as a
function of salt concentrations (table 5.3, Fig.5.1), it is obvious
that in the dilute concentration range up to about 0.1 mol kg-1 the
major species are 2n2+{31.6ﬂ and Znclt(17.6%). Initially, there is

a2 sharp increase in the amount of znc1® species with a maximum at
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about 0.45 mol kg“. Above this concentration the anion complex
species become significant. The decrease in the amount of znclt  is
compensated by the increase in ch].; and anﬁ_ concentrations. The
onset of Znt'.lﬁ' concentration is more rapid than that of Znﬂlg which
makes ZnCIE' a dominant anion complex ( a maximum concentration of

22% at 2 mol lq:s'1 ) up 8 ’l»‘atian of 2.2 mol kg'I. Above

this concentration - decreases and the ch13

complex anion be fhis could be due to the

values of 33 an 96, BII =1.00 ). For the
whole range of sutral EnClz species is
always very low tration.

Zx 12-!{!:1 system in the
analysis, the sagie ge pbtained except for the
larger BIl value ( This effect may be due to
additional amount of i Lorid ;4\" je Bolution , especially for anion
complexes. ,;:{ -?'“-"'}:5'-—_;"-'-"'1::%‘ concentration range

studied is alﬁ Cl, system (Fig.5.2).

2

However, the nmuiunt of the indi'-ridual species of the former is

thﬁ HEINHNINYINT

It might be forthwhile to compare t.l-bresult of ZnCl
s LAl AT UG B i,
CdIE systems. Fig.6.1 shows the species distribution of the Cdclz
system calculated from Rielly & Stoke's data (9). The same plot
for {::II2 system was obtained by Paterson & co-workers (23) and was
shown in Fig.6.2 . The appearance of the distribution curve of
Zrﬂill2 system is generally similar to that of CdIE system, but quite

different from that of Ir;u:ilf.:l2 system. The distribution of monchalide



3

cdcl
T

100 T—

| 1
=] =] o o (=]
8 e @ © - ® * - ©

w / 001 X [,_10P]

80 -

0.8

85

-1

0.6

0.4

/ mol kg

m.
cdcl,

The percentage distribution of free and complexed cadmium as a function of
the molar concentration of cadmium chloride

Figure 6.1
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cation complex in these systems all show the maxima in the low

concentration range. For the system of IZnCl_,, however, the maximum

21
occurs at somewhat higher concentration due to the lower value of
B.'. The concentration of the neutral complex in CdCI.a solution

otal complex distribution while those
of ZWI:IE and (.‘.t.'.lI2 syster ) ery low. In most cases, the
anion complexes pre ﬁ_nannantration range. For

the Cdi:lE system

becomes as high as 50% of th

of Cdﬂlﬁd is virtually

ZEro. It mig concentration range,

although the system contributed

more significs the reverse was true

for the znt:l2 systen , 7 " 'me lent cation complex in

EI:ICIE system is paPs] ten }‘l

B ( 50 ,\ while those in Zrn::l2 and

CdI, solutions decrefise! 1{; t ol

It shoud to discu&a the equilibrium

and transport *"""f"?:"f“'?""“ “'“,F-i terms of the species

distribution urin s.m.a.ﬂ.n and 6.5 are the

plots of equiva.)pkunnductanca iscosity and tracer diffusion

werriosofd] T8} FAH WS WUB AT incr,. cacr, ane

MgCl, compiled by Wiengartmer & co-wopkers (8). Fiv 6 shows the
ARG TN ADRE Brbhrsin o
chIE, Znﬂlz. Znﬂr and Znl, systems obtained by McQuillan (24},
Harris (25), Parton (2g) and Robin & Stokes (27) respectively. By
comparing the data of Zrlf.':].2 and r:::c12 with those of M.g;l:].2 { complete

dissociated 2:1 electrolyte ), several remarks can be made.
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10

| @Iu Eiﬁ‘y] E]'VI%V‘W 4 ﬁﬁ’.f mol/2 am=3/2
~AasnInmANIY,,

for aqueous ZnCl, solution at 25 C in comparison with values of
values of MgCl, and CdCl,




dm=3/2

ﬂ‘LJEl’J‘VIEI'VITWEI’]ﬂ‘ﬁ

AT RN W ANBREL. ...
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ﬂum‘nﬂmwmm Crame’
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constituent in aqueous ZnCl, solution against concentration (C)

at 25 C in comparison with MgCl, and CdCl,
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1. In dilute concentration ( < 0.1 mol dm'3 ) the
equivalent conductance of InCIa system shows no indication of
incomplete dissociated whereas that of L‘.dﬂl2 system obviously
indicates ion association even in dilute concentration range.

2. Two points of inflection were observed at 0.1 mol dnf'3

g n 'dip' in the conductivity curve
__\QEQA 1;;;::'
-

'_;IIIE-n the conductance of

= 0.105 & emts

and 1 mol dm_g, result

of ZnCl 2 system.

max
This wvalue is lgwe ah Lk _f 3 =k.f sanormal 2:1 electrolyte

a..:g. ey ( gher than of GdEla
( 0.025 0™ 'en™

bn range up to 0.1 mol dm~3 the
viscosity for ZnCl_jfandMgCl 8y 3 héve identical slopes while

fedents of H,0 and of

Cl™ for ZnCl, 7| ,4&,1 MgCl, in the dilute
i -

concentration range whereas those nf GdCl a ow some departures.

B SN P PRt Ty or v cvtons

tracer diffilsion ¢uaff1ciaﬁ3 in ZnCl as in CdCl uystem.

) SR TR VAR prm: =
Zn andl C1 constituents in ZnCI are almost equal implying that the
motion of the ionic constituents are strongly coupled (i.e., Zn and
Cl in some complex ).

8. The cationic tranference number in chlz becomes
negative at 2 mol.kgf‘ whereas in CdCl,, it occurs at a higher

concentration ( 4 mnl.kgrt ).
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From these observations the following interpretation

can be made. At 0.1 mol kg_1 zm':lE solution the percentage

distribution of species of Zn2+, chl*, ch1a. znﬂli and chli'

81.6%, 17.6%, 0.51%, 0.08% and 0.03% respectively. Within this

are

concentration range the major species are therefore Zn2+ and znC1'.

end, ca2*, cac1* and cdc, are

In the system of Gdﬂla,

the major species with percentag ‘Lpibution of 23.2%, 65.2% and

cation and the neygralfcouplex Species would.be more pronounced than

that in the ZInCl 1l species amount to only

0.5% . Within th range, therefore, the

observed conductancel o

;}fl' £ show much effect due to
Sz |

autocomplexation and closely to the complete

dissociated sy; I 3 al : aflects ALf. yiscosity as well as
d e \L r
fr-:fficiant for the

- |
e Frnm the catlonic tracer diffusion

uperimentﬂau\ﬂ Twﬂnﬁ ﬁ waETnI ﬂ iﬁznm solution was

found, whigh indicates the existence nf the r&utar moving chl

cumpﬁantawlﬁ anﬂ‘m ﬁlﬂtﬂty of the

methodg in sensing the formation of complex.

the water anf

concentration {'!Bo 1 mol dmi

Above this concentration up to 0.45 mnl.kg't the
concentration of ZnCl® rises to a maximum of 26.4% and then falls to
19.6% at 1.0 mol.kgfj. This variation of ZnCl® concentration could
be responsible for the small 'dip' and the two inflection points in

the conductance curve of ZnﬂlE due to the partial reduction of charge.



23

=1
At a higher concentration (above 1.0 mol kg ), the
reduction of ZnCl” concentration is compensated by the production of
the complex anions, Z.nc1£ and Zn(:li'. The conductance of the system

=3

thus rises to a maximum at 2.5 mol dm and the cationic

mes negative at 2 mol I‘v:\g"1 as a

consequence of the high'mo ility 6 ese complex anions. At this

l&wm reaches the maximum of

22%, while tha system, however, the

percentage dist es are considerably low
being 9.2% for “at 1.2 mol kg~

solution .5 Gonfentratior o ZnCl, solution, the

n‘.:cll::rl2
percentage dist .Zakl., and k- le- are 12% and 18%
respectively. Th e | Jicdtion Cramference number of t:::l,q’.:lE

becomes negative on as high as 4 mol kg_I. At

2+

this concentration, xpect most of Zn- to form

complexes witlps
y!‘

tracer diffus iaxmb z

rﬁituﬂnts. ,
ﬂuma%mw gIN3

Silleén & L:@.jaquiat {W had also uvastigatsd the
R R FH T AV B s s
using liquid zinc amalgam electrode at constant ionic strength ( I =
3 mol dn™3 ). Only the ff; value was obtained and was found to be
0.25 £0.04. Converting our thermodynamic complex formation constant
to the concentrationz constant at the same ionic strength gives
3'1" = 0.10+£0.01. There was no indication of why the other complex

formation steps has not been considered in the literature.



However, the author had anticipated that there should be higher

complexes formed as in the case of Z.!!ll:12 system. Therefore the

discrepancy of these data could be partly due to the omission of the
other Ec values in obtaining the value of E? in the literature.

The trend of the g values of ZnBr is similar to

2

yate| wever, the value of B3 is very
\,, .“‘-a'g = 0.036, Bu = 0.43 ) are
considerably lowersthamthe WAl

Q.zﬁ ). The valve of B,

u
;,\.f?¢xix;::;r than that of EnCl2

oncentration of ZInBr

those of Znﬂla. For ZnBrJ

low ( 0.036 ).

2

system ( Fig.5. o that of ZnCl, system.

The percentage dis species is somewhat lower

due to the smaller dilute concentration range
-1 2+ +

up te 0.1 mol kg ies are Zn  and ZnBr . At this

concentration| %k tage d ubion 6f zn%*, zoBr*, ZnBr

o5

2!
ZnBr;, and ZniﬁﬂA s 0.01%, respectively.

The amount nf¥“2n3r+ complex reaches maximum of 14.8% at

0.45 mﬁl@ﬁ ﬁﬁ%ﬂﬂ{mﬁ’] ﬂ:.jntration of 2nCl,

solution amount of Zn comp s also at a maximum but with a

TR T

higher complexes become sign whereas
decreases.

At ~ 1.0 mol kgf1 the znﬂri' complex species
predominates. The percentage species distribution of ZnBr ", ZnBr,,
Znﬂrg and ZnBri* are 10.7%, 5.6%, 2.3% and 13% respectively. While

the amount of anr3 rises almost linearly with concentration, the

94
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concentration of znﬂrf'increauea more rapidly until the maximum
concentration is obtained at 2.7 mol kg'1. At this concentration
the species distribution of ZnBr"', anr-E. I.nBr-E and ZnBri- are 1.9%,
3.5% 16.9% and 26.2% respectively. This results from the "54 value

( 0.43 ) being larger than the & value ( 0.036 ). Similar behavior

was found for ZnCl : ' at a lower concentration

/ gight. expect a decrease in

atinuous increase in zmar'3

for zmuz system at the

sntration of the neutral

(2.0 mol kg‘i}.

o
Znﬂru
concentration.

concentration ab

Znﬂre complex is hole concentration range
studied as also gbsefval 1in l 15 System.

£ th ‘.Znﬂra—ﬂr system in the
analysis, the simi r, ‘. s Were obtained except for the
slightly higher F J{j 4 _ hcentration of the individual
species in i plot of pe -— --Lmu,f--—-:--,-,:;,-- as a function of
ionic strength- } ‘er than that for the

J i)

anr system due ;n additional amunt of bromide .

ﬂ uﬂ %%E}’ﬂ ﬂ?%ﬂﬂlﬂﬂ%ﬂ of aqueous ZnBr,

system e. found in Eha 11tarature except for the cation
QRN TR NN PR o
trnn erence number data as a function of m for InCl,_, ZrI.BrE, Zl!ﬂl2
and C-dClz systems. The three curves of the zinc systems are very
similar. One might thus expect that the trend of the g values could
also be the same. The fact that the cationic transference number of

=1

EnB:—2 becomes negative at a higher concentration (~ 2.7 mol kg )

than that of ZnCl, (~ 2 mol kg™'), normally implies that there is a
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Figure 6.6 Plot of TM (M=Cd, Zn) vs ml"z for CdC!z, Znﬂrz, Znﬂlz, Znﬂrz and
anz system :
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lesser extent of complex anions formed in ZnBrz solution. This is
conformed with the observed species distribution found in this work.
The same argument can be applied for anz system. It should alsc be
noted that the concentration at which the cation transference

numbers become negative coincides with the concentration maxima of

Pformation of Znﬂlz and
ZnBr, systems we 5gigated by poténtiometric method. From the

analysis of the daj He Yajues) o \ formation constants

Fi' = 5.00+£0.10, £ = 1.00+£0.03
for Zm!:l2 system and
51 = 2.4520 (05,48 ) ::JI Ell = 0.43+0.01
oy

for ZnBr, syst!

lyis now obvious that aimilﬂ trends were found for
Lk iy iy
RN I WIININY

The species distributions of the two systems also have similar
features. However the complex formation of J.'h-:uEr-3 system occurs in a
lesser extent. In a dilute concentration up to 0.1 mol kg_l the
major species are Zn®*, ZnXx* and X~ (X"= C17, Br~). Moreover, the

concentration of the neutral Zn}tz species is always very low. The
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contributions of the complex formations to the solution properties
( conductanca_. viscosity,ete.) are thus less than those normally
observed for associated salts. Consequently, the solutions of ana
may well behave more like a complete dissociated salts in this

concentration range. At a higher concentration, the amount of the

monovalent cation rises td \ .f y which cccurs at about the same
| Q\

éﬁ““ld be raapomible for the

L,:, e 1.0 mol kg the anion

concentration (~0.45.
small 'dip' in the
complexes are

( zmtf“ ) predom i he 1 \\\\\

monovalent anion e, A b8! \ e significant at a high

divalent anion complex
tion range while the
concentration. on of these complex anions
causes the cationf £o be negative . From our
results, the maxim he divalent anion complexes

for both systems oceur r%"ip By antratians where the cationic

transference numbers be : - i.e. 420 mol kg =1 for anIE

"-!J

\
and 2.7 mol kg
3

luding the data of an K@urstama in the analysis

o LN TG e o

value of gﬂ for ZnCl ayst.?n hnwevar shows a nnrnsiderahle shift.
QA HEY S R T § B o
the ddta for the evaluation of the By- It should thus be worthwhile
to further investigate the system with a larger X:Zn ratios and

allowing for the formation of higher complex in the analysis.
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