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ABSTRACT

Mixed halides and nitrate cqbalt(l) com-
plexes of the type [CoXLY2]", {CoxaLY]z'
nwvhere X and L are different halides and Y
= nitrate) have been synthesised. The
crystal field parameters, i.r, and magnetic
data of the complexes suggesta tetrahedral
environment of the ligating atoms around
the central Co(ll) ion.. The antimicrobial ac-
tivity if these compounds against four
bacteria and a yeast is studied, and the
activity compared with that of a Cobait(l)
Chioride. 1

INTRODUCTION

Though structural and gpectral proper-
ties of regular and pseudotatrahedral Co(ll)
complexes of the [CoX4] ~ (where X =
halide(1-3) and [ColL2(NOg)2] (where L
= amino (4) and PhaP2 (5) have been re-
ported, not much is known particularly about
the structure and antimicrobial properties of
mixed helides and nitrate groups in 112
1-2:1 and 2:1:1 combinations. '

Cotten and Bergman (6) have demon-
strated from X-ray crystal structure of the

(Co(NO3)4)>" anion that each nitrate ion
bidentate giving an eight coordination ina
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COBALT(l) COMPLEXES

dodecahedral complex with the centres of
the nitrate lons (N atoms) lying at the vertices
of a flattened tetrahedron.

In thig work the cogjplexes of the ty?aa
[CoXLY2], [CoXL2Y]” and [CoXalY*™-
(where X = halide, L = halide different from
X, and Y = nitrate) have been studied, in
order to compare their propegies with thf
corresponding [CoXal2] " [CoXaY2l“
species, and also the antimicrobial activity of
the cobalt complexes has been compared
with that of Cobatt(ll) chioride, which has
been reported to show such activity (7).

EXPERIMENTAL
The complexes are of the general for-
mulae Q2[CoXzL2]. Qz[CoXLY2].

Qz{CoXLz2Y} and Q2[{CoX>oLY] where Q =
EtaN* ion, X and L are two different halkles
(e.g.Cl,Br,NandY = NO3". In all cases,
the quarternary ammonium salts (TAC) and
the simple Co(ll) saits in the desired ratios
were separately dissolved in a minimum of
1:1 acetonitriie/95% methanol solutions.
The quarternary salt solutions were then
gradually introduced dropwise into the
Co(l) sat solutions while stirring for one
hour after which the complexes were
allowed to dry in vacuo over P20s. The
elemental analyses were carried out in the
Microanalytical laboratories at the University
of Ibadan (and the results are summarized
in Table 1.).

The i.r spectra were recorded on a Per-
kin-Elmer model IR - 137 spectrophotometer

* using nujol and hexachlorobutadiene mulls

whilst the electronic spectra in methanol sok
ution (102 - 1.0M) were measured on a
Perkin-Eimer model UV-VIS 137 and the
molar extinction coefficient values were
cross-checked using an SP-500 spectro-
photometer. The magnetic moments were
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TABLE 2: INFRARED SPECTRA - MONODENTATE ONOz (C2V) (em™)

b S A e
Sample Compiex .
4 [COCI(ONO2)2)” 1026 1333 796 2387
5 [Cola(ONO2)2] 1274 1000 1333 778 2381

1504
6 (CoBra(ONO22]% 1274 1000 1326 784 - é
1020 1428
7 [COBrCONOZ)2]> 1274 1000 1429 787 - ;
| 1015
8 [COCI(ONO2)2)* . 1000 1325 787 - 2083
: 1020 1425
¥ - . e ‘_i
; 1
1" [COBrI(ONO2)2)” . 1000 1333 787 - ' -
' 1024 1428

determined on a Gouy balance at 303K
using Hg[Co(SCN)4] as a calibrant.

Antimicrobial Ativity

The agar diffusion method which in-
volves seeding agar with microbial
suspension was employed(7) 0.5mg/mi
aqueous solutions of the cobalt complexes,
cobal(il) chloride, tetraethy! ammonium
chioride (TAC) and dodecyl dimethyibenxyl
ammonium chioride (positive controf) (QAC)
were prepared in sterile water.

The Test organisms consisted of four
bacterial species. E.coli NCTC 1093. Staph,
aureus H484, Pseudomnas aeruginosa
UCH 45, all grown and harvested as pre
viously described(8) Candida albicans UCH
60 was grown on Sabouraud Dextrose Agar,
and suspended in sterile water. All cuttures
were standardised by direct viable cell count
to contain approximately 108 viable cells/ml.
1ml of the test cuftures was used to seed
agar medium. 50! of test'solutions were for
the antimicrobial tests. |

The plates were incubated as previously
described for bacteria(9) ‘and those for the
yeast at 37°C/48 hours. |

123 ‘

Zones of inhibition due to the activity of
the test solutions were imeasured. The
diameters of the zones of inhibition were
recorded as follows,

() - no activity at the concentration
studies.

(i) + diameter of inhibition zone up to
10mm. :

(i) + + diameter of inhibition zone 10-
15mm.

(iv) + + + diameter of inhibition zone
15-20mm.

(v) + + + + diameter of inhibition zone
above 20mm.

RESULTS AND DISCUSSIONS

The intrared spectra of the nitrato com-
plexes (Table 2) are as commonly found in
complexes where the nitrato group is coval-
ently bonded through an oxygen atom. In
such a case, the symmaetry is lowered from
a Dan to a Caoy point group which is diagnos-
tic of monodentate nitrato groups.

The spectra of the complexes show
bands around 3300 cm’' (Table 3) which
have been assigned tothe Ax>T1 (F).
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TABLE 5: RESULTS SHOWING ANTIMICROBIAL ACTIVITY #F THE COABLT COMPLEXES.

1
Sample solution E. coli Ps. Aeruginosa B. cereus Staph. Aaureus Cahdida albicans

1 + + + +
2 ++ + + +
3 + + + +
4 + + + + +
5 ++ + + + +
6 ++ + + + #* +
7 + + + + + + +
8 + + 4+ + +
9 + + + + + +
10 + + + + +
11 + + + +
Cobaitt (1)

Chiloride i + +
TAC - -
QAC

(+vecontrol) + + 4+ + + + +

+ + o+ + + +
+ + o+ +++ + +
+ + + ] ++ + 4
+ + + l + + + +
+ + 4 P44t + o+
+ + + O e +++ +
++ + I+ 4+ + + + +
+ o+ 4 b4+t A
+++ | ++++ ++ 4+
+ + | Wbkt + +
+ + i kb + +
b
++ Lo+ o+ + -+
++ + + ++ + + + ++ +

S SRS T

The second transitions were calculated
and were found in the 6000cm™ " neighbour-
hood.

All the complexes gave broad bands in
the 1400- 19000 cm’ ' region. The iodo-com-
plexes in pamculaf show a band in the 25000
-30000 cm (logs, 3 - 3.5) region, which is
likely to be of charge-transter origin. A very
broad and symmetric band in the range
44000 - 46000 (logg. 3.5 - 4.1) found in the
spectra of the complexes are due to intra-li-
gand transitions.

The values of the crystal lield parame-
ters indicated in Table 4 were determined
using "Transition Energy Ratios"(10). The
Dq values obtained from these caiculations
range from 294 to 370 cm’ ! while the Racah

parameterB falls inthe 718 - ?73 cm’’ range
compared with B = 967 cm’ ! for the free
metal ion.

Previously reported tetrahalocobal-
tate(ll) ions have characteristic greenish to
bluish colours diagnostic of tetrahedral geo-
metry(1,11). The colour of the
complexes(1-11) reported in this work range
from green to dark blue(Table 1).

Massabni and Serra(12) attributed
Col2(NO3)2 complexes having violet to
pinkish colours to octahedral geometry
where the nitrate groups behave as biden-

tate species with B > 0.80 values.

Consequently, Cobaltate (If) complexes
having greenish to blue colour and a g value
less than 0.80 should be considered diag-
nostic for gobalt (H) in a tetrahcdral
enviionment..

Table 5 shows the antimicrobial activity
of the Cobalt (Il) complexes. The results
show that Cobalt (ll) compiexes are showing
activity enher comparable with or greater
than that of the simple cobalt (Il) chloride In
aqueous solutions, both cgmplex and Co(li)
chloride yield [Co(H20)g]“" cation. and in
addition, the TAC also produces (Cyt Is)aN™
ions which probably enhances the activity ot

these complaxes more than a simple Co(ll)
chioride. !
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