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We note that the reaction of Nja(acac)e with
ligand (Ib) yields mononuclear pentacoordinated
Ni(acac)(salenR.) which readily+forms octahedral
adducts (III) with monodentate donorss, No evi-
dence for dinuclear species has been obtained '\\-ith
this ligand. The difference in the behaviour of la
and Ib can be rationalized on the basis of structure
(II). In this structure the saltnRILIigar d occupies
three facial positions of an octahedron. The flexible
-(CH.k chain makes this possibles, On the other
hand salenRI can only span meridional positions?
(as in III) due to relative shortness of the -(CHlLk
chain. It cannot span facially.
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Chemical Oscillations in
Mn2+-catalysed Belousov-Zhabotinskii

Reaction in Orthophosphoric Acid Medium
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The occurrence of Belousov-Zhabotinskii reaction
in orthophosphortc acid medium is reported for the
first ttme, The existence of two alternate mechanisms
for the observed chemical oscillations in this system
is suggested.

OSCILLATORY reaction between potassium bro-
mate, malonic acid, and cercus/eerie ion in

sulphuric acid medium has received considerable
attentionv". In this reaction malonic acid may be
replaced by a number of organic substances contain-
ing active methylene group which can be easily
brominated by enol mechanism? The catalyst, the

cerous/ceric ion, can also be replaced by a number
of metal ions capable of existing in two valence
states differing by one electron only and having
their Eo values between 0·9 and 1·6 (ref. 7). How-
ever, no alternative to sulphuric acid medium for
this reaction has, as yet, been reported. In this
paper we report our observations on chemical
oscillations in orthophosphoric acid medium. The
work is all the more significant in view of chemical
oscillations found in biological systems containing
enough of phosphate group.

Potassium bromate (Baker analysed), manganous
sulphate (S, Merck/GR), malonic acid (Riedel,
extrapure) and orthophosphoric acid (E. Merck/
GR) were used as such.

Procedure - The reaction was followed potentio-
metrically using bright Pt wire as indicator elec-
trode and SCE as reference. Potassium chloride
was found to inhibit oscillations and so a very dilute
solution of RCI (0'002J\lI) was taken in the calomel
electrode. The two half cells were connected with
the help of potassium sulphate agar agar bridge.
The e.m.f. of the system was determined using
direct reading potentiometer (Titrieautomat,
ILMLABOR, GDH.). To a solution containing
orthophosphoric acid, malonic acid and manganous
sulphate equilibrated at 35° ± 0.1°, was added a
solution of potassium bromate alw equilibrated at
this temperature. The bright Pt indicator electrode
was inserted in the vesseland e.m.f. recordedat vary-
ing time intervals. The results are plotted in Fig. 1.

The oscillation in the present system is found to
be qualitatively different from that found in sul-
phuric acid medium. The total oscillatory state of
the system can be divided into three parts (Fig. 1),
The oscillatory states from A to B and from C to D
are similar to that found in Belousov-Zhabotinskii
reaction system in sulphuric acid medium. These
states are characterized by a slight increase in time
period with time.

The state from B to C is unique. It shows alter-
nate long and short periods, L1, 51; Ls, 51; ...•..•..
Lb 5;, suggesting that the system has two alternate
cyclic routes by which it reaches the autocatalytic
state signalled by a sudden rise of e.m.f. of the
system. The shorter time period is associated with
shorter amplitude whereas the longer time period is
associated with longer amplitude. These amplitudes
can be related to the difference between the upper
and lower critical [bromide ion] limih,8,1I.Thus it
seems that the two alternative routes are having
two pairs of critical [bromide ion] limits under two
different conditions. More work is required to
elucidate this point.
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Fig. 1 - Plot of e.m.f. against time at 35° ([Malonic acid] =0·032M, [KBr03]=0'044M, [MnSOJ=0'OOO8M and
[HaP04]= 8'4N)

*To whom correspondence regarding the paper may be made.
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COMMUNICATIONS

The state, C to D, is highly sustained with nearly
constant amplitude. Oscillations lasted for nearly
2 hr (only a part of which is shown in Fig. 1). One
may have some doubt that sulphate ion obtained
from manganous sulphate or potassium sulphate in
the agar agar bridge may have caused oscillations.
But this is negated by the fact that Rastogi and
coworkerss-s could not obtain oscillations in cerium
and manganese catalysed Belousov-Zhabotinskii re-
action when sulphuric acid concentration was less
than O·4N.

The authors express their thanks to Prof. H. C.
Mishra, Head of the Department of Chemistry,
Ranchi University. for facilities.
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Graph Theoretical Interpretation of Existence of
Large Catacondensed Rings
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From graph theoretical considerations it has been
shown that only three -, four- and six-membered rings
can give extended catacondensed planar structures.
Catacondensed structures from ftve- or seven-mem-
bered rfnga, If they exist, should be non-planar.

IT is well known that benzene rings can fuse
together to form catacondensed hydrocarbons

(I) which can be synthesized by various chemical
means-. When this fusion extends to infinity we
get graphite which have unique electrical and mag-
netic properties. Catacondensed systems containing
fused five (II) and seven (III) membered rings have
also been prepared, but in these cases fusion has
not proceeded very far, and large systems obtainable
from six-membered ring systems have not been
prepareds, It has often been asked if graphite-like
structure could be prepared with five- and seven-
membered ring systems and if they will have unique
electrical and magnetic properties as distinct from
normal graphite.

We may analyse the possibility of such systems
mathematically from the graph theoretical con-

ill

siderations-, Let us consider a system of the type (I).
Let us assume there are nv vertices (occupied by
atoms), ne edges (represented by bonds) and nf faces
bounded by edges. Let P be the number of edges
at each vertices which is evidently different from
the P* which gives the boundary edges. If nb be the
number of vertices at the boundary, we have
nb- -:;..0 as nv-:;"00
nv

If the number of edges at each vertices is Pnv and
the boundary edges is pnb then
pnv-pnb<2n.<Pnv ... (2)
where n; is the total number of edges in the graph.
This may be written as
P P nb n; P- - - - < - < - ...(3)
2 2 nv nv 2

We, thus, conclude that

.~ -:;..~ as nv-:;"oo ..• (4)
nv 2

Now each edge lies on the boundary of just two
faces. So there are nf-l faces with P* boundary
edges and the face fa> has nb boundary edges, same
as the number of boundary vertices. This leads us
to conclude that
2n. =(nf-l)P*+nb
or
nf _ 2 n, + 1 1 nb
nv - P* nv nv - P* n;,
As nv-:;"oo we get

~-:;...£..
nv p*

The Eulers equations for planar graph states

1+ ~ = n. + 3.
nv nv nv

n

... (1)

... (5)

... (6)

... (7)
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