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direction only {i.e., 4y, >0, v,,= 0) which imples that
a=0. For §>0, B<0 and a<0. This means that
there is a reverse {low in the x direction and the line
&= a/8 divides the line into two regions: To the left of
this line, the wallshearis to the left and to the right of
it. the same shear is to the right. The value of
c*(c* < 0) for which s =0 depends on the parame-
ters w, [« , 2nd g... Some of the features of this case are
shown schematically 1n figure 2,

Now we consder the surface shear lines in the
region — | <c<c¢* As in earlier cases, u, >0,
V=0, hence a=0. Also for §<0, >0 and a<0.
Thus 1t reduces to the case I (¢ > 0) described earlier.
Also, the direction of the shear lines is the same as that
for ¢>0. This is due to the reverse flow in y
component of the velocity which occurs at ¢=-— 0.5
independent of the wall which is moving in the x
direction. Thus 1t can be concluded that for both
nodal and saddle point flows (— 1= ¢<1), the line
§=a/B is a locus of surface shear lines dividing the
flow into “upstream™ and “downstream™ regions and
is analogous to a three-dimensional separation line
without the other manifestations of separation.

CONCLUSIONS

Here, we have extended the analysis of Libby for
the steady three-dimensional stagnation-point flow
over a moving wall for incompressible fluid to
compressible fluid case with mass transfer. The effect
of compressibility and mass transfer on the flow field
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is found to be significant. Also the three-dimensional
analog of two-dimensional separation is shown.
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ABSTRACT

Equilibrium studits on the formation of the ternary complexes with homo donors of the type Cu
XY, where X is propylenediamine and Y succinic, maleic or malonic acid, has been studied by
polarography. The overall formation constants have been evaluated at 25°C and at an ionic
strength of 1.0 M (KNQO3j) using Schaap and McMasters’ method. The mixed ligand stabilisation
constant, clearly indicates the preferred formation of copper (I1) mixed ligand complexes with
nitrogen donors over oxygen donors. The otherdriving forces leading to the favoured formation of
mixed ligand complexes are also discussed. The stability constants of complex species are reported.

INTRODUCTION

IXED-Ligand Complexes of metal ions have

been extensively studied in recent years since

these play an important role 1n oiological proccssl'a Ter-
nary complexes of various metal ions involving ami-
noacids, diamines and carboxylic acids have been
studied by pH meteric technique*® Research
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workers’ *° have studied recently the behaviour of
mixed complexes of copper with some aminoacids,
carboxylic acids and diamines by polarographic tech-
nique, using Schaap and McMasters'! method. The
present investigation deals with the study of mixed
ligand complexes formed by Cu(ll) with (i) propyle-
nediamine-succinate, (i) propylenediamine-maleate
and (1) propylenediamine-malonate systems.

THEORY

Since the coordination number of copper (11) is
unlikely to exceed four, only the mixed species of the
type Cu XY can be formed with bidentate ligands.

The DeFord and Hume'" expression for Fo(X) may
be extended to give a new function Feo( X, Y) given by

0.434%‘ nkF
RT

Fx(X, Y) = Antilog

Ein

{
+log = ]
Ic

The symbols have their usual meanings. The func-
tion Foo can also be expressed as

Fo(X, ) =A+ B[ X1+ C[ X}
where A =1+ Bul Y]+ Bol le;
B=810+ Bul Y]

and C = B

Here X and Y represent variable and fixed higands

respectively.
In this method, other functions have been calcu-

lated from the following eguations:

FmLX. Y] — A4

Fio(X, Y)= [X] = B+ C[X]

Fm[x. Y] - B
. = C
[ X]

and Fxl[X Y]=

The intercepts of plots of Fio{X, Y) vs[ X]extrapo-

jated to{ X] = O give respective values ol A4, B and C.

The mixed stability constant 3, for the Cu XY can be
gvaluated by the knowledge of B.

MATERIALS AND EXPERIMINTAL DITANS

Propylenediamine and potassium salls of succinic,
maleic and malonic acids were used as complexing
agents. All the chemicals used were of AR.grade. The
jonic strenpths of all the solutions were maintained at
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1.0 M by adding the required amount of potassium
mitrate. pH of the solution was maintained at the
required value by adding nitric acid solution or car-
bondioxide free potassium hydroxide. The solutions
were deaerated with pure nitrogen. Capillary charac-
teristics for the open circuits were m = .89 mgm per
sec and ¢ = 3.5 sec. The polarograms were taken
using H type of cell and a manual polarograph.

The acid dissociation constants of the ligands used
were determined under the present experimental con-
ditions by the method of Albert and Serjeant'®, The
pK2 values were 5.44, 6.26, 5.69 and 9.78 respectively
for succinic acid, maleicacid, malonicacid and propy-
lenediamine. These values are in good agreement with
literature values'*.

RESULTS AND DISCUSSION

(a) The Binary Systems

The reduction of Cu(ll) was found to be difussion-
controlled in each case as indicated by the finear plots
of ig vs heg passing through the origin. The plots of log
i/ig-t vs Wiy were linear with a slope of 31 +2mV
indicating a reversible wave. The concentrations of
free’ ligand ions were calculated from pH data. pK
value and the total amount of ligand present. The
overal]l formation constant of simple complexes have
been evaluated by DeFord and Hume'? method.

(b)Y Mixed (Ternary) Systems

The copper-pn-malo., copper-pn-mal. and copper-
pn-succ. systems were studied by heeping the concen-
tration of the weaker ligand (Y = malonate or malcate
or succinate) constant (0.20 M) and by varying the
concentration of stronger ligand (X =pn) in each

case,

Copper-pn-malo, Copper-pn-mal and Copper-po-
succ. systems were studied at pH 7.7, 8.5 and 8.2
respectively, because at these pll s much easier 1o
hold the concentration of malonate {malo), malcate
(mal) or succinate {suce) constant and to vary the
concentration of pn, The corresponding binary Sys-
tems were also studied under identical pH valuey and
experimental conditions. The equilibrium concentra-
tion of stronger hHgand (pn) was determined trom pH
of the solution and determuned pK svalue.



122

Current Science, February 5, 1983, Vol. 52, No. 3

Ei 2 of Cu(il) at iomic strength 1.OM (KNO3) was
+ 0 015 volts vs SCE. The shift in £, 2 to more nega-
tive potential with increase in [ pn] was observed in all

the cases. This shift is greater in presence of weaker
hgand than in its absence. It signifies the formation of

mixed ligand complex. The Schaap and McMaster's
treatment was apphed to the E, .data and F, func-
tions evaluated* The calculated values of A are

1.523X 10° 3.239 X 10° and 9.0 X 10° for cu-pn-succ.,
cu-pn-mal. and Cu-pn-malo. systems respectively,

whereas the corresponding values of B are
0.072X10%¢, 0.099X10"® and 0.25X10°, while
cortesponding Cov Values are 0.177X10%°, 0.178=10x

and 0.540 X 10%. Theoretically, log C must beequal to
log B%. Our results are almost in conformity with this
postulate,

TR}

SoEME -1

__war

Complex pquittris i e dwrnety sysiem

{ Cu-propysens dlamene . mainrsie}

"4y
§
L—.&

Conpien wquillrd I the Wyhary wWsiEm
{ G- propylrmeclomeTey —ruitake )

rA
4
.
Fal
- ? &5
b E‘nm} 1 "{ﬁﬂmh’m;-] T
L
Canpiex equilbra I [ ternary sysiem
- { CU= DTO PYieTIthaMENE - Suce it )
" Fs
1

The results of these systems are summarized in
schemes |, 2 and 3 where logK of the steps are

indicated.
The mixed ligand stabilization constant log X;; is

calculated from the disproportionation reaction as
shown below:

[Cu X:]% +{Cu .1 & 2 [2 Cu(XY)]

[Cu(x N
[Cu X2]*° [Cu Y]

X1 —

The log Xii value proposed by Sharma and Schu-
bert' on statistical grounds is 0.6. The observed
values of log X;; greater than 0.6 indicates favoured
formation of the mixed ligand complexes over binary
complexes. The observed log X;; values are 5.092,
5.042 and 5.420 for cu-pn-succ., cu-pn-mal. and cu-
pn-malo. systems respectively.

It is also observed that mixed ligand complexes
having one five- and one six-membered ring are more
stable than the one having one five- and one seven-
membered ring.

Alternatively, the extent to which the ternary com-
plexes are favoured can be inferred from the value
of Alog K (log K mas— log K mB), where K magis the
equilibrium constant for the reaction MA+B<=MAB
and K wsthe equilibrium constant for M + B<= MB,
Sigel’® has shown when both the ligands are bidentate
the statistical value of Alog K'1s —0.4 for octahedral
complexes. According to Sigel' the statistical value
of Alog K for metal 1on like Cu(ll) forming distored
octahedral complexes will be still lower. The values
for cu-pn-succ., cu-pn-mal. and cu-pn-malo. systems
are —1.654, —1.741 and —2.206 respectively.

Many workers'’ have observed that charge neutral-
isation favours formation of mixed ligand complexes.
The results of our investigations are also inagreement
with this postulation.
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ANNOUNCEMENT

FIRST ALL INDIA UNIVERSITY YOUTH ACADEMIC WEEK

The First All India University Youth Academic
Week will be held during 3-5 April, 1983 at the Biria
[nstitute of Technology and Science, Pilani. The Aca-
demic Week will be a unique event where the conflu-
ence of the brightest student talent in Engineering,
Science, Technology, Economics, Management and
many other fields. will take place along with leading
academicians and professional experts in the above
fields. The Academic Week will also serve as a place
where the cream of the students willemerge, providing
a unique bonanaza, to the major national employer
groups to present to the graduating students, profes-

siona! avenues available.

The following are the areas of interest for papers:
Production and Manufacturing systems, Engincering
Design and Development, Instrumentation Systems,
Micro-processor Systems, Systems Engineering,
Computer Systems, Project Management, Research
Projects, Management Science based Systems, Envir-
onmental Systems, Economic Systems, Operations
Research and Statistics Integrated Rural Develop-
ment, Science Communication and Journalism, Edu-
cation Research, Science and Society,

Further information may be had from the Coordi-
nator, Academic Week, Students’ Union, B.L.T.S,,

Pifani 333 031,




