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STUDY ON EQUILIBRIUM CONSTANTS OF UO;2+ WITH MALONIC ACID AT DIFFERENT
JONIC STRENGTHS

D. N. SHELKE Anp D. V. JAHAGIRDAR
Deparvtment of Chemistry, Marathwada University, Aurangabad (Maharashtra)

ABSTRACT

The dissociation constants of the ligand and log K values of its complexes with uranyl
ion have been investigated by Calvin-Bjetrum potentiometric titration technique at 30 = 0+1°C

and at wvarious ionic strengths in aqueous medium., Uranyl forms both
in the pH range 3-5.
drawn to understand the exact complexation equlibria of 1 :
1 : 1 complex by the reaction UQ:2* -4 HL™

complexes with malonic acid

dynamic constants at s> 0 are reported.

INTRODUCTION

RANYL complexes of malonic acid were investi-
gated by some workerst*®. Ramamoorthy and

Santappa® have reporied the uranyl
malonic acid at 0-1 M NaClOy;.

malonic acid system in aqucous medium at various
jonic strengths.

EXPrrRIMINTAL

The details regarding the chemicals, apparatus are

given in our earlier paper?®,

Culvin-Berrum  Titration

The experimental procedure involved the potentio-

metrie titration of carbonate free solution of (i) free
10 % M)
HICH()y

HCIO, (4-40 - 10 M), (i) free 1110, (4:40
. malonic  acid (3002 - 10 * M), (i) free

= UO,L 4 Hf is confirmed.

complexes of
The present paper

reports the study of the stability constants of UO,*

1:1 and 1:2

The plots of pK/log Kvs. v/ wete
The formation of

1 complex,
The thermo-

(4:40 x 10-3 M) + malonic acid (302 X 107 M) +
uranyl ion (4-32 X 10-* M) against sodium hydroxide
(0-18 N) added from a microburette.

The ionic strength of the selution was nuantained
by the addition of appropriate amount of 1 M sodium
perchiorate solution. The exact ionic sirength of the
solution was calculated by taking u - } 2 ¢ 2® where
¢, and z; are the concentration and valency respectively
of i-th ion,

RESUTTS AND INSCUSSKON

The probability of  complex formation  between
U0t and the ligand anion was assumed and the
factors like hydrolysis of uranyl jon apd the formation
of polynuclear species were neglected on the following
potnts,

(i) The pll of hydeolysis of uranyl ion, oblained
[tom the deviation of uramyl ion curve fiom the acid

veure, was around plt 3-8, The departuie of metad
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titration curve from the hgand curve was observed
around pH 2 6. This indicated that the complexation
occurs before the commencement of hydrolysis of
ion. (1)) The sofution being very dilute, the probability
of existence of polvnuclear species was neghgible.
The proton-hgand formation number i,
hgand
and Rossotti's exprossions?®

calculations”.
by the method of Ileast-squares.

The mavimum »alue of i at each ionic strength was
around 1-9. The metal-licand ratio was taken as
{:5. No precipitation was observed in the metal
complex titration upto pH 9 This showed that 1:1
and 1:2 complexes were formed befoie the conimence-
ment of hvdrolysis. The
rK; pK,, log K, and log K, are given in Table 1.

TABLE I
pk und log K thermodvnamic values of VO -malonic
acid at various ionic strengths t = 30° C

g K, PKa B log Ky, logK. log§
0-032 2-83 5-59 5-87 3-54 941
0-052 2-80 5-50 5-75 3-66 9-41
0-072 2-73 46 571 3-70 9-41
0-092 2-70 5-40 562 3-76 9-38
0-112 2-68 5-30 456 3-80 0-36

TasLE I
Slope values and thermodynamic constants

Equilibrium .&ZE Thermodynamic
constants contents at u—-0

K - 2-17 3-00

PK, g 3.37 5-86

log KI —3-87 620

log K. +3-10 3-26

The stability constant data at different ionic strengths
could be utilized to know the exact mechanism by which
the complexation occurs ai different pH. The data
were analysed by Bronsted equation® as given

logK =logK® + A A 27
where A is Debye-Huckel constant (A = 0-5161)7,
A Z* is the difference in the square of the charges of
product and reactant ion and K° is the formation
constant at zero ionic strength.

The values of pK,, pK,, logK; and log K, when
plotted against 4/u gave the following results:

(i} All the points fel]l on a straight Jine in all the plots.

(ii) The observed slope values (AZ%, along with
expected, for various reactions are given as follows:

Slope values

Reaction equilibrium  Constants -
Expected Observed
H,L.=HL- 4+ H* pK, p) 2.17
HL-=1%* 4+ H* pK, 4 3-37

Study on Equilibrium Constants of U0 with Maonic Acid

and meta’
formation number 72 were calculated by lrving
The approximate valugs

of pK and log K were obtained by half iategral method
and accurate salues were caiculated by point-wise
The final values were also calculated

thetmodynamic values of

Currenl
Science

The agreement between the observed and expected
values of slope 1s fairly satisfactory,

N\

H 5'7

Fig. 1. Plots of pK; vs. v/u (@) and pK; vs.
v (Q) of the ligand malonic acid.
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FiG. 2. Plots of log K; vs. 4/ and log K, vs
Vi for UQ.*-malonic acid complexes,

The complexation between UQ.?* and malonic acid
commences around pH 3. The dissociation of the
first-COOH group of the acid occurs around the same
pH (pK~2-83). The Iligand, therefore, may be
present as a neutral malonic acid (H,L) molecule or
a malonate ion (HL™). The alternate complexation
equilibria for 1:1 complex are

UO2* + H,L = UQ,HL* + H+
U0** + HL-= UOQ,L + H*
The magnitude of AZ? would be —2 or —4 for the

first and the second equilibria respectively. The obser-
ved A Z? (Table I) is in favour of second equilibrium.

The formation of 1:2 complex occurs around pH 5
at which the hgand is certainly present as HL-, The
1:2 complexation therefore takes place by equibbrium

UQO,L + HL- = UQ.L,*" 4- H*
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The observed AZ? confirm this speculation. The
overall reaction is presented as

U022+_!_ 2HI-= UQO,Ls* + 2HY

The changes in ionic strength could not affect
reaction. This has been concluded from
(log B} which remain constant,

this
the values
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NEUROMUSCULAR EFFECTS OF PHENETHYLBIGUANIDE (DBI)*

M. BANSINATH,

SUDHAKARA KARANTH, K. RAMABADRAN anp M. N. GURUSWAMI

Deparfment of Pharmacology, Kasturba, Medical College, Manipal 576 119

ABSTRACT
Activity of Phenethylbiguanide (DBI, Phenformin) has been studied on neuromuscular

janction, It is shown that,

DBI inhibits neuromuscular junction.

Experiments to elucidate

mechanism of this 1nh1b1tmn have shown that DBI has membrane swabilizing activity.

INTRODUCT 10N

lT 1S a long-known fact that the same structural

features in different compounds are attended by
similar pharmacological properties’. The structure of
phenethylbiguantde (DBI, Phenformin), an oral hypogly-
cemic agent, consisting of a benzyl ring with two
carbon atoms separating a biguanide radical, suggested
the possibility of sympathetic action.

There are claims that DBI lacks a potentiating or
blocking action, either to adrenaline or acetylcholine?,
and also that, only upon intravenous injection, in
dogs, DBI produces an adrenergic block3. DBI 1is
also reported to have negative chrontropic effect compa-
rable to that of propranolol). These contradictory
reports, in spite of structural semblance of DBI with
Beta-adrenergic drugs, suggested the need for critical
reassessment.

There are reports that Beta-adrenergic drugs have
both stimulatory® and inhibitory®? activity at neuro-
muscular junction. Hence 1t was decided to study
the activity of DBI on neuromuscular junction. Results

obtained in such a study provide the basis for this
report.

MATELRIALS AND METHODS
(a) Frog's Rectus Abdominis Muscle

The procedure used is essentially as described by
MacIntosh and Perry®, with the following modifications.

w———

* Presented at the Second Southern Regional Cons
ference of the Indian Pharmacological Society, Madras,
October 30-31, 1974,

Magnification is ten fold, tensior one gram; 20 to

30 min are allowed for relaxation in Frog Ringer
solution (Composition, NaCl 0:655,, KCl 0-01¢%,
CaCl, 0-012%, NaHCO; 0-019%, all W/V) before
addition of physostigmine (Eserine) sulfate (2 mg/i)
to sensitize the muscle. Another 20 to 30 min. are
allowed for sensitization to be complete. Fifteen
preparations were use:d for the study,
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