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Complexes of the types [M(LhJ [HZP04hH)P04
and
[M(L}zJ[HzP04Jz [M=Co(lJ) or Ni(II) and L=2,2'-bipyridyl or
1,10-phenanthrolineJ have been synthesised and characterised on
the basis of analytical, IR and electronic spectral, and magnetic
moment data. The stereochemistries
of the complexes
[M(LhJ[HzP04J2.H)P04
are found to be octahedral and those of
[M(L)2J [H2P04J2 pseudotetrahedral. No phosphate coordination
is observed in any of the complexes, It is suggested that the
occurrence of pseudotetrahedral stereochemistry for the complexes
[M(L)zJ [H2P04J2 rather than the cis octahedral stereochemistry
observed for complexes of the type [M(LhX2J (X=CI-, Br ", 1-,
NCS - or CIO,,) may be a consequence of crystal packing forces.

Coordination
compounds
of transition
metals
containing orthophosphate ion have not received
much attention, The multivalent and multidentate
nature of the orthophosphate
ion suggests the
possibility of a variety of coordination of water.
Complexes of cobalt(III) containing neutral ligands
like NH3 and NH lCH1CH lNH1, and orthophosphate
ions as well as substituted orthophosphate ions,
and of copper(II) containing
N,N'-bis(2-pyridylmethyloxamide) and orthophosphate ions have
been reported by different workers 1,2. In the present
paper, we report the synthesis and characterisation of
2,2'-bipyridyl(bipy) and 1,1O-phenanthroline(phen)
complexes of cobalt(Il) and nickel(II) dihydrogen
phosphates.
The reagents used were of AR grade or equivalent
quality. The compounds were prepared by reacting the
metal chlorides with the neutral ligand and syrupy
H3P04 in dry distilled alcoholic medium, Dry distilled
alcohol was used in order to minimise the water
content of the reaction medium and thereby to prevent
corrdination of water.
[Co(bipyhJ [H2P04J2·H 3P04
Solutions of bipy (IS,OmM) and H3P04(IS,OmM)
in 20 ml ethanol each were gradually added to
CoCI2.6H20 (S.OmM) in ethanol (20m!) simultaneously. A blue precipitate of [Co(bipy)CI2J was
formed in the initial stages of addition of bipy and
H3P04; addition was continued until the supernatant
solution changed colour from blue to pale yellow. The

blue compound was filtered off and the remaining bipy
and H 3PO 4 were gradually added to the filtrate when a
yellow precipitate separated out, which was filtered,
washed with ethanol
and dried in vacuo.
[Coiphenj.] [H1P04Jz.H3P04
was also prepared in
an analogous manner.
[Ni(bipYhJ [H 2P04Jz.H 3P04
Solutions of bipy (1S mM) and H3P04 (IS mM),
each in 20 ml ethanol were gradually added to
NiClz.6HzO (S.O mM) in ethanol (20 ml) simultaneously. A pale pink precipitate was obtained, which
was filtered, washed with ethanol and dried in vacuo.
[Nitphen},] [H2P04Jz.H3P04
was also prepared in
an analogous manner.
[Co(bipy)zJ [H zP04J2 and [Co(phen)2J [H lP04]1
The complexes were prepared by heating the trisbipy and phen complexes of cobalt(II) in vacuo
(10-2torr). H3P04 present in the tris complexes could
be removed at 11S°C. The bis-bipy and phen
complexes (yellow) were obtained at 1S0° and 160°C
respectively.
[Ni(bipY)zJ
[H2P04]Z
and
[Nitphenj,'] [H2P04]2 were prepared by the same
method as used for the corresponding cobalt
complexes except that the Ni(Il) complexes were
obtained at 190° and 220°C respectively. Both the
complexes were lilac in colour.
Total phosphate in the complexes was extimated as
phosphomolybdate. H3P04 was determined after
extracting it from the aqueous solution of the
complexes using tri-n-octyl amine in benzene (in order
to separate it from H2P04'); the organic phase after
dilution with acetone was titrated against standard
alkali employing a method analogous to that reported 3
for the extraction and determination of H2S04,
All the above complexes (Table1) were stable in air
and were insoluble in common organic solvents.
Infrared spectra were recorded on Perkin Elmer S77
spectrophotometer in nujol. A Cary 14 spectrophotometer was used for recording electronic spectra in
nujol. Magnetic susceptibilities were measured by the
Gouy method using CuS04.SH20 as the standard.
[Co(bipy/phenh] [H2P04]2.H 3P04 and [Ni(bipy/
phenhJ [H 2P04J2.H 3P04
The ligand field spectra and magnetic moment
values of these complexes were similar to those
observed for octahedral cornplexes+" of the type
[M(bipyh]2+ [M =Co(II) or Ni(II)]. The structural
similarity of the present complexes with those of the
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type [Mibipyjj]? + was corroborated by similarities in
rM-N mode and other IR spectral features". The vP-O
modes of H2POi
and H3P04
overlapped and
appeared as broad bands at 1050-1200 and 970 em - I.
Bands due to bipy /phen in these regions were
superimposed on the above broad bands. The P - 0
- H inplane deformation mode 7, characteristic of
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phen. A shoulder at 8400 em - I, which appears in all
the spectra, is due to H 2PO i (8405 ern - I for aqueous
solution of KH2P04).
The room temperature magnetic moments of
[Co(bipyh] [H2P04]2
and [Co(phenh] [H2P04]2
are 3.74 and 4.06 B.M. respectively; these are closer to
the values expected for tetrahedral complexes rather

H 2 PO i /H 3PO 4, was observed at 1230-1240 em - I. than octahedral complexes". The values are lower than
The downward shift of this band ('" 40 ern - I) with
respect to the corresponding band for H2PO; in
NaH2P04 indicated slight weakening of the hydrogen
bonds 7. The remaining IR bands due to H2POi and
H3P04 were observed in the expected spectral
regions 7.
[Co(bipy/phenh]

[H 2P04]2 and [Ni(bipy/phenh]

[H2P04]2

The electronic spectral features of the complexes (see
Table 1) closely resemble those of cobalt(II) and
nickelill) pseudotetrahedral
complexes with {3ketoamines''" and {3-diketiminesI 0.11.This shows that
the two bidentate neutral ligands alone are
coordinated to the metal ion. The lower and higher
energy groups of bands have been assigned in idealised
T, symmetry to the transitions 4A2(Fj-+4TI(F)
and
4 A2(Fj-4TI(P)
respectively for the cobalt(II)
complexes" and 3TI(F)-+3A2(F)
and 3TI(F)_3TI(P)
respectively for the nickel(II) complexes? with {3ketoamines. These bands shift to higher frequencies in
the case of bipy and phen complexes as compared to
their positions in {3-diketimino and {3-ketoamino
complexes due to the stronger ligand fields of bipy and

those expected for normal tetrahedral complexes",
indicating lowering of symmetry around metal ion due
to distortion of the tetrahedral structure. This removes
the degeneracy of the triply degenerate excited states 12
partially and thereby reduces the orbital contribution '
to the magnetic moment arising from the 4 A2 ground
state in such complexes8,lo,12, The magnetic moment
of [Co(bipyh] [H2P04]2 is nearly equal to the spinonly value", Such a low value has also been reported
for a pseudotetrahedral complex of cobaJt(II) with a {3diketimine+'. The nickel(II) complexes with bipy and
phen have a magnetic moment value of 3.14 B.M.
which is also much less than that expected for
tetrahedral complexes=!".
In the far IR spectra the vCo-N modes were observed
at 265 and 235 em - I for the bipy and phen complexes
respectively while the corresponding vNi-N modes
occurred at 280, 265 em - I, and 295 em - I respectively.
These band positions are very close to the values
reported for the tris bipy and phen complexes of
cobaJt(II) and nickel(II) halides and perchlorates".
However, no additional bands were observed in the
region where vM-O mode '" is expected (200350 em - I), further corroborating the uncoordinated

Table I-Analytical and Electronic Spectral Data
Compound*

Found

Yield

(Calc), ~~

Vmax

(em-I)

(%)

[Co(bipyh]

[H2P04h

[Cotphenjj] [H 2P04hH

H3PO;
3P04

[Ni(bipYh][H2P04hH3P04
[Nilphenjj]

[H 2P04]2·H

[Cotbipyjy]

[H2P04]2

32
29
29

3P04

36
~IOO

[Colphenjj]

[H2P04]2

-100

[Ni(bipyJ,]

[H 2P04]2

~IOO

[Nitphenjj]

[H2P04]2

-100

N

P

10.6
(10.3)
9.0
(9.4)

11.0
(11.3)

9.2
(10.3)
S.6
(9.4)
11.1
(9.9)
9.0
(9.1)
9.9
(10.0)
9.5
(9.1)

10.6
(10.4)
11.3
(11.3)
10.3
(10.4)
10.5
(10.9)
9.S
(10.2)
10.7
(10.9)
9.9
(10.1)

*The compounds
did not show sharp melting points due to thermal
+C and H, 44.6 (43.9) and 3.7 (3.S) respectively
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H3P04

Metal

11.8

6.9
(7.2)
6.9
(6.6)
7.6
(7.2)
6.9
(6.6)
10.1
(10.4)
9.S
(9.6)
10.4

(11.9)
11.9
(11.0)
10.2
(11.9)
10.3
(11.0)

11,560 ~ 22,220(sh)
11,300 ~ 21,74O(sh)
12,120 IS,690
12,120 IS,S70
~9010(sh) 11,110 ~ 12,200(sh)
- IS,S70(sh) - 21,050(sh) ~ 23,250(sh)
-9010(sh)
10,420 ~ 11,910(sh)
~ 19,230(sh) ~22,220(sh)
~9090(sh) 11,490 12,660 IS,S70

(10.4)
9.5
(9.6)
decomposition

(l50-250oq

-909O(sh) 11,110 -12,500(sh)
-20,OOO(sh) ~21,740(sh)

NOTES

nature of phosphate
moietres. The P-O-H in-plane
deformation mode 7 characteristic of H 2PO 4" appeared
at about 1240 and 1270cm -1 for cobalt(II) and
nickel(II) complexes respectively.
The electronic
and IR spectral and magnetic
moment data show that the bis-bipy and phen
complexes of both coba\t(II)
and nickel(II) have
pseudotetrahedral
structures and H 2 PO 4" ions are not
coordinated.
The pseudotetrahedral
structures may
arise due to N-M-N
(M = metal) bond
angle
distortion 12. In contrast, bipy and phen complexes of
coba\t(II) and nickel(II) containing anions like halides,
perchlorate and isothiocyanate
have been reported to
exhibit cis octahedral
stereochemistry 16, 17. It is
possible that the pseudotetrahedral
structures of the
bis-bipy and phen complexes
of coba\t(II)
and
nickel(II) dihydrogen
phosphates
are primarily
a
consequence of crystal packing forces. The dihydrogen
phosphate ions are potentially capable of hydrogen
bonding which is a pertinent factor in determining
crystal packing forces 18, whereas the anions associated
with the cis octahedral complexes of coba\t(II) and
nickel(II) mentioned
above are by themselves not
capable of hydrogen bonding.
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