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Fig. 2 - Plots of log kf,b versus Ed.. [plots 1, 2, 3 and 4
correspond respectively to pH 3.29, 4.10, 5.7~ an~ 7.96.
Starting potential of curves 1, 2, 3 and 4 respectively IS 0.36,

0.40, 0.50 and 0.64].

range investigated lies in the range 0.98 to 0.53. An
attempt to estimate n« (the number of electrons
involved in the rate-determining step) apparently
leads to a conclusion'v" that n; is equal to 2, because
for totally irreversible systems, as the present one
is, Cl should be less than 0.5 (ref. 11). However,
according to Meites'" only a single electron can be
transferred at a time during the course of an electrode
reaction; a value of na exceeding I should merely
mean that successive steps are nearly simultaneous
and cannot be distinguished on the time scale implicit
in the polarographic measurements. Further, the
plots of log ku« versus Ed.e at different pH . values
are linear (Fig. 2). This shows'" that there IS only
one rate-determining step involved in the electrode
reaction of bromophenol blue. Having thus esta-
blished the stoichiometry of the rate-determining step,
the mechanism shown in Schemes I & 2 can be sug-
gested for the polarographic reduction of bromo-
phenol blue.
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Complexation reaction of Mn(lJ) and penict11ins G and V
have been studied in 50% aq. acetone and f.I. = O.IM (NaCIO.)
at 20°,30°, and 40° using Bjerrum-Calvin pH-titration technique.
Stability constants of the complexes ML and MLs and thermo-
dynamic parameters of the complexation reactions have been
evaluated. Solid complexes of the composition MnLs.2H.O
have been isolated and characterised.

MANGANESE is a cofactor for a number of
important enzymes and in some cases replaces

magnesium in vitro; the synthesis of cholesterol from
acetate, fatty acid synthesis and oxidative phosphory-
lation may be cited as examples.

In our attempt to work out the avidity of certain
drugs for metal ious>", in this note we report the
complexation reactions of penicillin G and penicillin
V with manganese in 50% aq. acetone medium
and at an ionic strength of O.lM (NaCl04).

All the chemicals used were of high purity. The
procedure employed was the same as given in our
previous communications,

Stoichiometries of the various complex species
formed were determined conductometrically and the
stability constants were computed by Bjerrum-Calvin
pH-titration technique as adopted by Irving and
Rossotti. This involved titration of the following
thermo stated mixtures against a carbonate-free 0.2M
KOH at fJo = O.IM (NaCI04) keeping acetone water
ratio 1:1 (v/v) in 50 ml. (a) 5ml of 0.04M HCI04;

(b) mixture (a) + 10 ml of 0.02 M ligand solution
(penicillin G or V); and (c) mixture (b) + 5 ml
of 0.002 M metal solution. Correction for pH
measurements in 50% acetone-water system was
done as described by Van-Uitert and Hass, The
accuracy in pH titration was 0.02 pH unit.

The values of iiH, nand pL were calculated using
Irving-Rossetti equations and the values of log Kit
log K2 and log ~2 were directly read from the for-
mation curves. The refined values for the same were
computed by the best least square fits.

The values of changes in free energy (.6G), enthalpy
(.6H) and entropy (.6S) accompanying the com-
plexation reaction were calculated at the various
temperatures.

Solid complexes were prepared by mixing equi-
molar solutions of the metal and the ligand (peni-
cillin G or V) in 1:2 ratio and reftuxed for 4 hrs.
The solution was concentrated to one fifth of the
original volume on a water-bath and the separated
solid filtered under suction, washed with ether, dried
in vacuo and analysed : Mn-penicillin-G complex
(Found: C, 38.25; H, 4.55; N. 6.48; S, 8.34; Mn,
7.10; H20, 5.1. Reqd : C, 38.0; H, 4.48; N, 7.40;
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S, 8.46; Mn, 7.26; H20, 4.76%). Mn-penicillin-V
complex (Found: C, 36.87; H, 4.22; N, 7.22; S,
8.02; Mn, 7.22; H20, 4.50. Reqd : C, 36.48; H,
4.30; N, 7.10; S, 8.11; Mn, 6.98; H20, 4.56%).

The conductometric titrations show formation of
ML and ML2 complexes between Mn(H) and peni-
cillins G and V, while pH-titrations indicate removal
of one proton during complexation of each molecule.
The ratio-titrations did not indicate formation of
1:3 complex in these systems. The absence of 1:3
(metal-ligand) complexes may be due to the steric
hindrance caused by the bulky molecules of PG and
PV.

The formation constants (Table 1) and free
energy change (Table 2) show that compared to
penicillin V complex, penicillin G complex is more
stable in accordance with their base strengths
(log KfI for penicillin G and penicillin V are 4.77
and 3.98 respectively).

The reactions of these penicillins with Mn(H)
are enthalpy-controlled, since the values of entropy
change obtained are negative. The high values of
-!:c,.H indicate considerable degree of covalency in
metal to ligand bond, which presumably involves
metal to nitrogen bonding. The negative entropy
change is due to the solvent effect. Further, the
value of !:c,.G for each stage is less negative than 6.H
and each substitution therefore has negative entropy
change (6.S) (Table 2).

For penicillin V complex the value of -6.H is
higher than that for the PG complex, in spite of the
higher basic strength (and higher stability). How-
ever, higher !:c,. H for PV-complex is rather more
than compensated by the more negative value of
!:c,.S, thus resulting in comparatively lower value of
!:c,.G which impart lower stability to the PV-complex.

The solid complexes were ana lysed for ML2.2H20.
The IR spectra of the isolated complexes were re-
corded in KBr. while most of the ligand bands
remain unchanged on complexation, the vasy, C=O

TABLE 1 - STABILITY CONSTANTS OF Mnfll) CoMPLEXES WITH
PENICILLINS G AND V.

[(.L = 0.1 M (NaClO.); (a) = half n method; and (b) = least
squares method]

Temp. log K, log K! log ~. Method

PENICILLIN G COMPLEXES

20· 5.00 4.35 9.35 a
4.93 4.40 9.33 b

30· 4.80 4.20 9.00 a
4.70 4.20 8.90 b

40· 4.53 3.92 8.45 a
4.49 3.97 8.46 b

PENICILLIN V CoMPLEXES

20· 4.45 3.95 8.40 a
4.55 4.]5 8.70 b

30· 4.30 3.78 8.08 a
4.24 3.79 8.04 b

40· 3.80 3.50 7.30 a
3.90 3.50 7.40 b

TABLE 2 - THERMODYNAMIC PARAMETERS OF THE Co~PLEXA-
nON REACTION

I(.L = 0.1 M (NaClO.); temp. = 30n
C]

--.1 G, -.1 Gs -flG
(Overall)

PENICILLIN V
5.96 5.28 11.25

PE~CILLIN G
6.63 5.78 12.49

-.1H, -.1H. -flH
(overall)

PENICILLIN V
15.44 ]5.10 23.75

PENICILLIN G
11.40 11.20 19.20

-.1S1 --flS. -flS
(overall)

PENICILLIN V
31.30 32.40 41.30

PENICILLIN G
15.83 17.80 22.10

-.1Gs and .1Hsin kcal mol"! and flSs in cal deg" mor"

of the ligand appearing at 1600 crrr? shifts to higher
wavenumber and appears ,....,1700 cm? in the com-
plexes, indicating chelation of the metal to the CO
of the carboxyl group. The slight but definite shift
in the band due to tertiary nitrogen and thiazolidine
nucleus points to the coordination of the metal to
the ring nitrogen. This mode of coordination of the
central metal ion through CO and ring nitrogen
results in the formation of a five-membered ring.
With the attachment of two molecules of the ligand
only four co-ordination sites are filled, remaining
two co-ordination positions in the octahedral geo-
metry of the complexes are occupied by two water
molecules. This finds confirmation in the absorption
bands ,....,3200cm-I, 1600cm-1 and 800 cm=" assign-
able to coordinated waterv", This is further sup-
ported by thermal behaviour when both the com-
plexes lost water on heating at 110". Low p Ka
values for these drugs indicate that they are almost
entirely in anionic form at the physiological pH of
7.3. The formation of only ML and ML2 complexes
indicates that the coordination number six for the
metal ion is not attained. This may favour the
attachment of the drug-chelate with the tissue, thus
binding these drugs with the nucleic acid and affec-
ting the structure and functions of nucleic acids.
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