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Studies in Some Nickel(Il) Complexes 

D. C. Patel, R. C. Shar:ma and P. K. Bhattacharya 

Adduct of his oxine nickel with pyridine, fl· and y-picoline have been prepared. Nickel(II) com
plexes of the above bases with nitrate, glycollate and lactate as anion have also been isolated. The com
pounds have been analysed and structures have been suggested on the basis of magnetic and spectral 
studies. 

Complex formation between pyridine and substituted derivatives have been studied 
widelyl-3 and compounds with composition [ML4]-t+ and [ML6 ]++ have been reported4 • 

Hexacoordinating tendency has been shown in various tertiary base adducts of nickel com
plexes3,5. In the present investigation adduct formation of pyridine, fl· and y-picoline with 
nickel oxinate has been attempted in non-aqueous solvent. Isolation of complexes of 
pyridine and its derivatives with nickel has also been attempted in aqueous solution with 
nitrate, glycollate and lactate as the anions. 

EXPERIMENTAL 

I. Preparation of the adducts : To the mixture of nickel chloride and pyridine (or 
P- or y-picoline) in nearly 1 : 2 ratio with little excess of base, an alcoholic solution of 8-
hydroxyquinoline was added. The mixt~re was allowed to stand over night. Yellowish
brown crystals settled down. 

The solids were filtered out and washed with alcohol impregnated with corresponding 
base(......._. 5%), dried in vacuum desiccator and analysed (Table 1). The analysis corresponds 
to composition [Ni(oxine)2L 2].2H20. The compounds were heated at 110° in au oven and 
the resulting yellow compounds were also analysed in each case. The analysis (Table 1), 
indicates that the composition is [Ni(oxine)~.2H20. 

2. Preparation of nickel glycollate and lactate : Nickel lactate and nickel glycollate 
were prepared by refiuxing nickel carbonate (in excess) with lactic and glycollic acid. The 
filtrate was evaporated to dryness and recrystallisod. Their analyses correspondng to 
[NiX2] (X = glycollate or lactate ion) and visible spectra in aqueous solution resembling 
that of [Ni(H20)6l' + indicate that they are simple salts. 

3. Preparation of nickel complexes : Concentrated equimolar aqueous solut.ions of 
nickel salts (nickel nitrate, nickel glycollate and nickel lactate) and tertiary bases were 
mixed in 1 : 2 ratio with slight excess of the ligand, pH being maintained at -6. 

4 
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8. S. M. Nelson and '1'. M. Shepherd, J. Chem. Soc., 1965, 3248, 8276. 
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Partial precipitation of nickel hydroxide took place. Solution was filtered and refl.uxed for 
about 3 hrs. Solution was concentrated and evaporated under reduced pressure till 
blue crystals were obtained. The solid was washed with ether several times to remove 
excess ligand and dried. Solids could be isolated in case of pyridine, fl- and y-picoline but 
only Ni(OH)2 was precipitated in case of a-picoline. The analyses are given in Table 1. 

TABLE 1 

Analytical data and other properties of the complexes 

Compound Colour 
Calc.% 

Ni N 

l. [Ni(oxineh(py}z]o 
2H2 0 

Yellowish 100 84 lOo 35 

2. [Ni(oxineh(/3-pieh]· 
2H2 0 

3. [Ni(oxineh(yopioh]· 
2H2 0 

green 

Greenish 10 . 31 
yellow 

Brownish 10 o 31 
yellow 

Yellow 15o32 

9081 

9o84 

7o33 

15o58 14o86 

6o [Ni(f3-pich(H20)2 ] 

(NOa):~ 

7. (Ni(y-pich(H20)2 ] 

(N03 )z 

Blue 

Blue 

8. [Ni(pyMH:a0)2](glyb Blue 

9. [Ni(,B-pich(H2 0)2 } Blue 
(gly):> 

10. [Nt(y-pich(H20h] 
(gly)2 

Bluo 

II. [Ni(py}a(H2 0b](lact)2 Blue 

12. [Ni(,B-piu)2(H20h} Blue 
(lact)a 

130 [N1(y-pich(H20hl Blue 

(laetb 

14o50 13o83 

14050 13°83 

14o57 

13o62 

l3o62 

13o62 

12o79 

l2o79 

6o95 

6o50 

6o50 

6o50 

6o10 

6010 

Found% 
BoM. .l.max(mJL) 

Ni N 

10072 10o12 3o2 

10o40 9.63 3o1 -540 -830 -950 

10.45 9o 71 3o1 .-540 -sao ....... g5o 

15010 7 o16 . 
15.62 15o25 3o12 -640 ~950 

14o42 l2o95 3o19 -640-950 

14 o 89 14 0 50 (absorbs) -640 -950 

14o10 

13.06 

13o02 

l2o96 

12.87 

12069 

6o17 

6.84 

water 

2o87 -650 -960 

2 0 72 -650 -960 

5o 94 (absorbs) -650 -960 
water 

5o93 

5o 96 

6015 

2o94 -650 -960 

2 0 7() -650 ~960 

2o93 -650 -960 

gly = CH20HCOO- and lact = CH3 CHOHCOO-

In presence of excess ligand and at higher pH values mainly the hydroxide of nickel 
was isolated, alt.hough a small amount of the above mentioned complexes was isolated from 

the filtrate . 

.111 ag netic studies : Magnetic susceptibilities of all the com pounds wore dctm·minod 
at room temperature using Gouy method6 and were found as shown in Table 1. 

6 . .P. W. Selwood, "Maguetoehemistry", Intei:science :Publishers, Now York, 1956, p. 5. 
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Spectral 8tudie8 : The absorption spectra of the complexes were determined in t.he 
t·ange 400-1000 mp.. using Spectromom 360 (Hungarian) spectrophotometer. The spectra 
of the oxine adducts, were recorded in a mixed solvent system of alcohol and the corres
ponding base in 4 : 1 ratio. In case of tertiary baso complexes with nitrate, glycollate and 
lactate as anions, solutions were prepared in water. The bands in the absorption spectra 
have been shown in Table l. 

In case of latter compounds, I.R. Spectra were also obtained in the form of pellet.s 
with KBr. 

DISCUSSION 

The above observations clearly indicate that adducts of nickel oxinate with pyridine, 
P-picoline and y-picoline molecules are formed. That the resulting compounds are adducts, 
is indicated by the fact that no compound is obtained with a-picoline, which may be explained 
to be due to the steric hindrance. The weak linkage of the tertiary bases is indicated by 
their low thermal stability. At abour ll0°, the yellow-brown compounds turn yellow indi
cating that the tertiary bases are lost resulting in the formation of nickel oxinate. The water 
of crystallisation appear to be held strongly and this may presumably be due to strong hydro
gen bonding involving oxine molecules. The experimental evidences are not adequate to 
substantiate the explanation. The compounds are unstable in aqueous medium and a 
yellow solid, [Ni(oxine) 2].2H20, has been isolated by treating the adduct with water. The 
displacement is evidently due to dilution effect. 

The solutions of adducts (O.OIM) in I : 3 pyridine (or fl· or y-picoline) and alcohol 
mixture (of negligible conductance) are found to be almost nonconducting (molar conduc
tance ..-.....1.5 mhos) indicating that the:y: are nonelectrolytes. 

The observed magnetic moment values ( ........ 3.2 B.M.) for the adducts are suggestive of 
an octahedral stereoche~istry for the present Ni(II) complexes. Spin-orbit coupling due 
to higher state mixing may be responsible for somewhat higher values of B. 

The visible absorption spectra of the adducts show three peaks at ---....540, ,..___880 and 
"-'950 mp.. corresponding to 3A2g(F) ~ 3T 1g(P), 3A2g(F) ~ 3T1g(F) and SA2g(F) ~ ST2g(F) 
transitions8 • Distortion, due to the coordination of oxygen and nitrogen of oxine, is in
significant because of almost similar field strength of the atoms. The peak position in the 
spectra of the three complexes do not differ much because of similar binding tendencies of 
the bases as shown by their formation constants in solution9. 

In case of the other set of studies, the analysis of the compounds corresponds t.o the 
composition [NiL2{H20)2]X2 (where L = pyridine, fl- or y-picoline ana X = nitrate, lactate 
or glycollate). Presence of glycollate and lactate in the outer sphere is indicated hy the 
fact that compounds are freely soluble in water. 

7. J. Lewis and R. G. Wilkins, "~Modern Coordination Chemistt·y", Interscience Publishers, New 
York, 1967, p. 427. 

8. R. S. Drago, "Physical Methods in Inorganic Chemistry", Reinhold Publishing Corporation, 

New York, 1968, p. 179. 

9. D. c. Patel, R. C. Sh11nnl\ and P. JL BhattMharya, Itldian J. Ohem., 1969, 7, 927. 
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The magnetic momf'nt values of the complexes with nitrate, glycollate and lactate 
are almost same, indicating that glycollate and lactate also bPhave as nitrate and exist 
in outer sphere. The values of magnetic moment "'-'2.9 B.M. is in agreement wit.h spin 
only value10 of two unpaired electrons and inrlicatPs the presence of polymeric octahedral 
or tetrahedral structure in solid state11• 

The visible ah_:;orption spectra show the presence of peaks at ,...._,650 and .-......960mp. 
The peak positions being different from [Ni(H20)6] 2+, it is indicated that the complex ions 
are stable in aqueous solution. The nature of the peak is same in all the cases indicating 
that nitrate, glycollate and lactate behave alike. The low intensity of the peaks (e = .-...4.0) 
is suggestive of distorted octahedral structure (due to the coordination of solvent molecules) 
rather than tetrahedral structure. 

I.R. Spectra of the compounds show the characteristic bands of the pyridine ring and 
hydroxy acids. Bands in the region 1600-1300 cm-1 are attributed to the ring stretching 
vibration and represent interaction of C = C and C = N stretching vihrat.ion. Bands 
appearing in the region 1200-1000 cm-1 are due to C-H in plane deformation. In case of 
nitrates, hands are observed at .-.....1380 and .-.....821 cm-1 corresponding to stretching and 
banding modes. In case of the complexes with glycollate and lactate ions in the outer 
sphere additional bands are observed in 1300-1200 cm-1 region corresponding to 0-H bend· 
ing frequency and additional bands at ......... 950 cm-1 probably corresponding to C-0 deforma· 
tion. In all compounds the band at ,...._,515 cm-1 corresponds to M-N stretching frequency. 
The band at ,...._,640 cm-1 correRponds to M-0 stretching and confirms the presence of 
coordinated watE>r. 

Thanks are due to Prof. S. M. Sethna, Head, Chemistry Department, M.S. University 
of Baroda for pro·dding laboratory facilities. 
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