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ELECTRONIC AND INFRARED SPECTRAL STUDIES OF COBALT(I) AND NICKEL (11)
CYANIDE COMPLEXE3S WI1iHl SOME NMTROGEN DONOR LIGANDS

R. C. AGGARWAL®* anp V. CHANDRA SEKHAR
Department of Chemistry, Banaras Hindu University, Varanasi 221 0035, India

ABSTRACT

Complexes of the composition ML, (CN), [where M = Co(Il), or NiIl), L = Pyridine (Py),
Aniling, hydrazine, phenylhydrazine, ethylencdiamine(cn) or o-phenylencdiamine (OPD)] have been
prepared and characterized through elemental analysis and various physico-chemical studics. Molar
conductances of the ethylencdiamine and o-phenyicnediamine compicxacs in TMEO show that tley
are non-ionic. Elcctron’c spectral s'udies suggest mixed stercodhemistry (Q, + Da,) for Ni (C H;
NH.)); (CN), and octahedral geometry for the rest of the compleacs. Magnetic moments for Ni (cn),
{CN); and Ni(OPD); (CN), are consistant with spin-frce octalicdral gecometry but subnormal magnelic
moments have been observed for all other compiexes. IR spectral studies indicate bidcntate
behaviour of ethylenediamine and eo-phenylcnediamine, unidentate and’or bidentale behaviour of

cyan.de ion,

INTRODUCTION

SURVEY of the literature shows that some com-

plexes of Co(ll) and Wi(Il) cyanidcs wih nitrogen
donor ligands have becn preparcd™* and in som.e cascs
their structures also studicd, but no work appears to
have becn done ¢n thrse cyan.de complexcs with pyri-
dine, anline, hydrazine, plenylhydraine, e¢thylcne-
diamine and o-p. eny.encdiamine except for the syn'he-
sis of Ni(Py),; (CN),? and the determination of forma-
tion constants of Ni(N,H4), (CN},%. A syn hetic and
structural study of the compiexcs of Co(II) and Ni(II)
cvanides with these nitrogen donors has thercfore
been undertaken and the results of this study are dis-
cussed in the prescnt papcr.

EXPERIMENTAL

All the chrmicals used were of BDH or equivalent
grade. Ethanol, pyridine, aniline, hydrazine, phrnyl-
hvdrazine and ¢ihylenediamine were made anliydrous
before use.

All the complexes were preparcd by mixing and stir-
ring the ethanclic solution of the ligand and ethanolic
suspe nsion of metal cyan.de for 7-8 hrs kceping the
1gand to metal ratio Ca 2 : 1. Co(ll) complexes were
preparcd in nitrogen atmosphere to avoid oxidation,
The complexes thus obtainrd were suction filtered,
washed successively wi‘h ethanol and eithsr and dried
in vacuo, Aftcmpts to prcpare the aniline complex
of Co{CN). were unsuccessful.

Cyanide was &stimated as AgCN. AN other dctails
periaining to analysis and pliysico« hemical studics of
the complexcs were the same as described in our pre-
vious paper®. Analytical data, ;. valucs and mclar

* Author to whom all correspondence should be
addressed,

conductances are given in Table I. FElectren'c spectral

bands, alongwith their assignmcnts and lLigand-field
parameters are listed in Table II,

REsuLTs AND Discussion

All the complexcs are insoluble in common orgznic
solvents.  Ethylencdiamine  and  o-pher ylencdizmine
complexes are soluble in coordinating sclients hke
THE, DMSO, DMF but all other complexes are
insoluble in these solvents too.  Complexes of ethylene-
diamine and o-rhenylcnedizmine melt in the 162~
207° C range but the remaining complexes do not
melt upto 250°C. The insolubility and nonmelting
nature of the pyridine, aniline, hydrazine and phenyl.
hydrazine complexes indicate that they are polymeric,
The molar conductances of e ethylencdiamine and
o-phenylenediamine complexes lving in the 3-¢0-
5-31 mhos cm?® mole! range, suggest their non-
elcctrolytic nature’.

Electronic Spectra

The electronic spcetra of Co(Il) comolexes yield
two d-d transition bands in 9091-10740 and 16370-
18870 cm™ regions  assigned to ‘T, , (F) ~ T, (F)
(1) and T, (F) — 9T, , (P} (V3) transitions respectively
characteristic of octehodral geometry around the Co(II)
ians.

The elcctronic spectra of the Ni(I) complexes are
also conssstent wi'h octelrdral stercoclymistry? in
as much as they slow three d-d transiticn bands in the
10C00-11490, 17040-18870 and 25550-2817°0 c¢m~?
regions attributable to A, - °T. (*}), *A., — °T,  (F)
(V2) and SA., — *T,, (P) (v,) transitions rcspectively.
The proposcd octehrdral geometry for the NidI)
comp.excs draws furher support from Vof¥, ratio
lying in the 1:65-1-72 range!¥. In addition to the
three bands characteristic of octahodral geometry,
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Complex

TABLE I

Analytical data and general behaviour of the complexes

R e

Co(Py): (CN)a

Ni{Py).: (CN),

Ni (C H NH,).(CN),
Co(N:Hz), (CN),

Ni(N EH4)-¢ (CN)E

Co(C_H NHNH,), (CN).
Ni (C H NHNH,), (CN),
Cofen); (CN),

Ni(en), (CN),

Co(OPD). (CN),
Ni(OPD); (CN);

il — i

e il

Colour Co/Ni CN

4 A
Brown 21:5(21-9)  19-0(19-3)
Pink 21-5(21-8) 19-1(19-4)
Blue 200 (19-8) 17-3(17-5)
Brown 33-4(33-7) 29-8(29:7)
Pink 33-5(33-6) 30-0(29-8)
Brown 17-8§ (18-0) 15:6(15-9)
Blue 17-7(18-0) 15:7(15-9)
Prown 25-2(25+3) 22-3(22-5)
Pink 25-3(25-4) 22-2(22-5)
Brown 17-8(18-0) 15:6 (15-9)
Pink 17:6(17-9) 15-7(15-9)

N
7o

20-4 (20-8)
20+5 (20-8)
18-6 (18-9)
47-8 (48-0)
48-2 (48+1)
25-4 (25-7)
25+5 (25-7)
36+1 (36-4)
36-2 (36-4)
25-5(25+7)
25-3(25-7)

[ —

* Calculated values are given in parentheses.
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2+21
3-89
2-19
3-69
2-28
3-33
278
3-87
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Electronic spectral data and varvious ligand-field parameters of the Co(IlI) and Ni(Il) complexes
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LI
LR
L
&%
LR

LR

5-31
4-30
3-87
3-60
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LFSE
(K3/mole)

e

Complex vy (cm™)  v{em™) vi(em™?) Dglem) B’ (cm™1) B B° G0
Co(Py). (CN), 10740 18870 11£0 614-4 064 36:46
Co(N,H4),(CN), 9091 16370 1006 5480 0-57 43+33
Co(C_H NH.). (CN), 10420 1830 1150 €029 0-62 3765
Co(en), (CN), 9524 17150 1054 5741 0-59 40-63
Co(OPD), (CN), 10540 . 1810 1145 5719 059 4036
Ni(Py), (CN), 105¢0 17540 26850 1058 8433 0-£0 20-14
Ni{C.H NH,), (CN), 16000 17040 25550 1060 839.3 D50 20-52
Ni(N,H,). (CN), 11490 18520 . 1149 066+ 8 0-92 §-45
Ni{C H NHNH,),(CN), 10810 17750 26180 1081 7693 0-73 27-16
Ni(en)s (CN), 10870 187¢0 275€0 1087 €086 0-86 13:96
Ni{OPD), (CN), 11240 18870 28170 1124 8880 0-84 15-84

1208
103-1
118-0
1081
117-4
1512
142-9
168-1

154-5
159-0
164-4

L, e S, -—
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the electronic spectrum of Ni(C H NIo), (CN), shows
a band at 22470 cm™?! assirned to 1A, — 'A. transition
In the Square planar cnvironment around Ni{I) jon'!,
The positions and assisnmenes of electronic spectral

bands thus indicate mixcd stercochemistry (O, -+ Du,)

for e above complex,

-

Maguaetic neasurements *

Co(1l) 1s known to form spin-paired complexes with
strong, ficld ligands and spin-free compleacs with weak

ficld ligands!s,

—

FEcuilibrium between these two stales

has also been reportcd with lipands of bporder line
Co(CN), forms Jow spin compleacs

strengthstd e,
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with strong  field ligands Lke 2.2%-bipyridyl and
o-phenanthroline!. Wnh the cyanide lon occurring at
the extremie richt and 1he nitrogen donor ligands in
the midd'e of the spectrachamical scries, the co-existenoe
of spin-free and sin-paired states may be expected in
our Co(Il) complexes and the subnormal magnetic
moments {1-33-3- 82 BM) obscrved for these complexes
are 11 jine with the above reasoning. The coexistence
of low spin and high spin states in these oomplexes
is further supported by their Dg B ratio (1-84-2-0)
which approaches the hmiting point where change over
occurs from I,  to *E, ground statels.

The magnetic moments of the ethylenediamine and
o-phenylonediamine complexes of Ni(CN), are normal
and indicate ocCtahedral geometry for Ni(ll) in these
complexest®, The remaining NI(II) complexes have
subnormal tnagnetic moments of the order 2-19-
2.28 BM. The subnormal magnetic moment of
NYCH;NH,), (CN), can be explained on the basis
of mined stereochemistry. Due to the simultaneous
existence of scuire planar and spin free octahedral
Ni(II) ions in the above complex, the observed magnetic
moment per NI(Il) ion is 2-21 BM. Although the
pyridine, hydrazine and phenylhydrazine complexcs
of NI(CN); also have subnormal magnetic moments,
this type of mixed stereochemisfry for thom is rulcd
out because of the absense of hands characteristic of
square pianar Ni{ID) in their electron'c spectra, The
subnormal maghetic moments of the;e comp.exes may,
however, be explained on the bass of polymetallic
structures arising from cyanide bridging just as in the
hydrated Wi(I1) cyanidel?,

IR Specitra :

The IR spectrum of the free cyanide ion yields a
v {CN) band at 2080 cm!—*'®, This band is reportcd
to shift to higher {frequencies on coordination and is
obtained near 2100 ¢m~! when cyanide is unidentate
and Ca 2200 cnmt™! when it is bridging through both
carbon and nitrogen'®, Lowering in v {CN) is observed
whsn cyanide ion bridges through carbon atom only.
The w(CN) band is observed in the 2118-2146 et
region in our ethylenediamine and o-phenylcnediamine
complexes and Ca 2175 cm™? in the spectra of pyridine,
hydrazine and phenyihydrazine complexes indicating
thit cyanide ion is monadentate in the former com-
plexes and bidentate bridging through carbon and
nitrogen in the latter complexes. IR spectrum of
Ni(CcH NH2), (CN), gives two 1(CN) bands at 2176
and 2128 c¢cm™ suggesting the presence of both bridg-
ing and terminal cyanide ions in the above complex.

A negative shft in the v(N-H) (14-124 em-),
0 (NH), (5-22cm™), and v(C-N) (28-63cm™1) in
the aniline, ethylencdiamine and o-phenylencdiamine
complexes as compared to similar bands in the spectra
of free ligands and a positive shift in v (N-N) (27-89
¢m™?) in the spectra of hydrazine and phenylhydrazine
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complexes indicate coordination of these ljgands
through  nitrogen(s)*-*'. Coordination of pyridine
Is suggested by positive shifts (3847 cm™) in its in-
plane and out-of-plane ring deformation modes in the
spectra of its complexest®, Occurrence of a single
v(C-N) band in 1032~1052 and 1232-1248 cpy-!
regions in the spectra of ethylencdiamine and o-pheny-
lencdiamine ¢omplex<s respectively shows that both the
nitrogens of these diamines are involved in coordi-
naticn. The non ligand bands Ca 450 cm™? and in
the 396-261 cm1 regicn are tentatively assigned to
v(M-CN) and v (M-N) modes respectivelyls,

The fo'lowing structures may be proposed for the

complexes based upen their chemical compositicn,
general bchaviour and physico-chemical studies
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5-HT AND 5-HYDROXYINDOLEACETIC ACID LEVELS IN SUCCESSIVE SAMPLES CF
CISTERNAL CSF OF RHESUS MONKEYS*

M. S. KRISHNAMOORTHY** anp T. C. ANANDKUMARY

Neuroendocrinology Laboratory, W.H.O. Reproduction and Training Centre, All India Institute of Medical Sciences,

New Delhi 110 016

ABSTRACT

The 5-HT and 5-hydroxyindoleacetic acid levels were assayed fluorometrically in successive
samples—with no time imterval between sampling—of cisternal CSF of anaesihetised rhesus monkeys.
The basal levels were 3978 + 4-66 ng/ml and 68:29 - 15-16 ng/m! respectively. The significance of
the occurrence of S-HT in CSF with regard to its possible role in regulating pituitary gonadotropin
secretion is mentionéd. The first 3 ml of CSF is found to be homogeneous with regard to 5-HT and
5-Hydroxyindoleacetic acid; successive samples collected subs¢quently contained higher levels of
5-HT and 5-hydroxyindoleacetic acid. Hence, a standardised sampling procedure is advocated to

have comparable data.

INTRODUCTION

CONSIDERABLE volume of evidence has
accumulated to suggest that CSEF may constitute

a humoral link between different areas of the brain by
transporting neural products affecting cellular function.
Administered intraventricularly, 5-HT has been shown
to inhibit pituitary leutinizing hormone secretion!,
On the basis of this and other similar findings, it has
been postulated that 5-HT of extrahypothalamic origin
may reach the neural mechanism regulating pituitary
gonadotropin secretion yiga CSF, However, on scan-
ning the literature, very few references are found report-
ing the occurrence of 5S-HT in CSF?; 5-HT as such
has nevcr becn convincingly demonstrated in the CSF
of rhesus monkeys. On the other hand, 5-Hydroxy-

*This paper was presented at the 11l Southern
Regional Conference of the Indian Pharmacological
Socicty held at Mangalore on Qctober 30-31, 1976.

**Present Address ;. Department of Pharmacology,
P.G. Inst. of Basic Medical Sciences, Taramani, Madras
—42.

L Presant Address @ Department of Dxperimental
Biology, W.H.0O. Rcproduction and Trammg Centre,
All India Institute of Medical Sciences, New Delhi-10,
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repeatedly
and

indoleacetic acid (5-HIAA) has been
investigated in various  psychopathological
neurological conditions,3—5,

Hence, in this work, we¢ have assayed both 5-HT
and 5-HIAA in successive samples collecied on a
single cisternal tap—without allcwing any interval
between successive sampling—mainly to look for the
occurrence of 5-HT in CSF and also to look for any
differences in S-HT and S5-HIAA concentrationy
between successive samples.

MATERIALS AND MEeTHODS

In this study, rhesus monkeys of both senes were
anacsthetised with 30 mg/kg v, nembutal sedium.
Throughout the study, cisternal taps were done between
11 aAM. and 12 Noon to rule out diurnal yvariations.
Successive 3 ml and 1-5 ml CSF samples were collected
for S-HT and 5-11TAA assay in the fiest aad  the
sccond  group of experiments  respectively, Blood
staimed samples were discarded. Morcowver, the samples
were centrifuged in order to detect the presende of
red Dlood cells: because it was ditlicult (o see a eolo-
ration when a small amount of blood was presont.
The CSI7 samples were deproteinised and the soluton
was made 01 N with gespect o hydrochlone acxd?



