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Abstract
The preparation of solid complexes [Ni2(NCO)2(H2O)4]SO4 and [Ni2(NCO)2(H2O)4]-

(NO3)2 during the reaction of biuret with NiSO4
.7H2O and Ni(NO3)2

.6H2O, respectively, in
aqueous solutions at elevated temperature are described. The reaction products are
characterized through elemental analyses and infrared measurements. The IR spectra of the
new complexes clearly indicate the absence of bands due to coordinated biuret, but instead
show characteristic bands of bridged isocyanato ligands and coordinated water. TG and
DTA thermograms of the complex [Ni2(NCO)2(H2O)4]SO4, as well as the IR spectrum of its
final thermal decomposition product were recorded. The data obtained agree quite well
with the expected structure. Detailed mechanisms for complex formation and their mode of
thermal decomposition are given.

Resumen
En este trabajo se describe la preparación, en solución acuosa y a elevadas temperaturas,

de los complejos sólidos [Ni2(NCO)2(H2O)4]SO4 y [Ni2(NCO)2(H2O)4]-(NO3)2  durante la
reacción de biuret con NiSO4

.7H2O  y Ni(NO3)2
.6H2O, respetivamente. Los productos de

reacción fueron caracterizados mediante análisis elemental y espectroscopía IR. Los
espectros IR muestran la ausencia de bandas correspondientes a biuret coordinado. En
cambio, se observan bandas correspondientes a ligandos isociano puentes y coordinados
al agua. Se registraron termogramas TG y DTA del complejo [Ni2(NCO)2(H2O)4]SO4, así
como del producto de su descomposición. Los información obtenida concuerda muy bien
con la estructura esperada. Se describen mecanismos de formación de los complejos y de
sus descomposiciones térmicas.

Introduction
The biuret molecule is known to act as a good donor ligand. It has the ability to from stable

complexes with metal ions [1-4]. The formation of oxygen to metal bonds between biuret molecules
and metal ions occurs in acidic and neutral media [4,5]. However, in alkaline medium, biuret
molecule coordinates to metal ions through amide nitrogen atoms [4-8]. The chelation mode of
biuret molecule in many biuret-metal solid complexes have been estimated by infrared spectral
measurements and established by X-ray analysis [4,7].
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In the last few years, this research group is engaged in studying the role of metal ion in the
mode of decomposition of coordinated urea in many metal-urea complexes at elevated temperature
and very interesting results were obtained [9-14]. It was found that the formed reaction products
depend upon the nature of the metal ions used as well as on the nature of the counter ions
associated with the metal ions. To continue our investigation in this area, we report here, the
study of the related nickel(II)−biuret complexes at high temperature as biuret molecule is looked
as a condensed form of two urea molecules. The nature of the obtained reaction products were
identified through their elemental analyses, infrared spectra as well as thermal analysis. The obtained
results enabled us to make an assessment of the nature of the decomposition of Ni(II)−biuret
complexes beside the understanding of the bonding and structures inherent in reaction products.

Experimental
Biuret (Merck) was purified by using  recrystallization from ethyl alcohol. NiSO4.7H2O

and Ni(NO3)2.6H2O were of Analar grade.
The parent complexes [Ni(biuret)2]X2 (where X= ½SO4

2− or NO3
−) were prepared by a

method similar to that described for the preparation of the related complex [Ni(biuret)2]Cl2 [4]. A
hot solution of the Ni(II) salt (10 mmol) in absolute ethanol (80 mL) was added to a hot solution
of biuret (2.06 g., 20 mmol) in ethanol (160 mL). The mixture was refluxed for about ½ h. The
precipitated complex (pale green) was filtered off, washed with ethanol and dried under vacuum
over P2O5. Anal. Found (Calcd for [Ni(biuret)2]SO4: C4H10N6NiO8S; 360.93): C, 13.41 (13.31);
H, 2.80 (2.79); N; 23.32 (23.28); Ni, 16.30 (16.27); S, 8.86 (8.88).

Anal. Found (Calcd for [Ni(biuret)2](NO3)2: C4H10N8NiO10; 388.88): C, 12.56 (12.35);
H, 2.60 (2.59); N, 28.32 (28.81); Ni, 15.50 (15.10).

The binuclear complexes [Ni2(NCO)2(H2O)4]SO4 and [Ni2(NCO)2(H2O)4](NO3)2 were
prepared by mixing 0.1 mole of the Ni(II) salt in each case dissolved in 50 mL H2O with 0.2 mole
of the biuret dissolved in 50 mL H2O. The reaction mixture was heated on a water bath to ca.
90−95 °C with continuous stirring. A green complex began to precipitate after 25 hours and its
amount increases by increasing the heating time. The precipitated products were separated by
filtration and washed several times with hot water, then dried in a desiccator under vacuum over
P2O5. However, the same products [Ni2(NCO)2(H2O)4]SO4 or [Ni2(NCO)2(H2O)4](NO3)2
could also be obtained by dissolving the corresponding parent complex [Ni(biuret)2]SO4 or
[Ni(biuret)2](NO3)2, respectively in 100 mL distilled water and heated on a water bath at ca. 90-
95 °C with constant stirring. Anal. Found (Calcd for [Ni2(NCO)2(H2O)4]SO4: C2H8N2Ni2O10S;
369.58): C, 6.42 (6.50); H, 2.30 (2.18); N, 7.60 (7.58); Ni, 32.00 (31.77); S, 8.48 (8.68).
Anal. Found (Calcd for [Ni2(NCO)2(H2O)4](NO3)2: C2H8N4Ni2O12; 397.53): C, 6.00 (6.04);
H, 2.30 (2.03); N, 14.20 (14.09); Ni, 30.10 (29.54).

The parent complexes, [Ni(biuret)2]X2 and the reaction products [Ni2(NCO)2(H2O)4]X2
(where X = ½SO4

2− and NO3−) were identified by their elemental analyses, infrared spectra as
well as thermal analysis (DTA and TG). Nickel(II) content was determined by atomic absorption
method using a PYE UNICAM atomic absorption spectrophotometer SP 1900 fitted with a
nickel lamp. The infrared spectra of all reactants and the formed complexes were recorded as
KBr discs using a Perkin Elmer 1650 ratio recording infrared spectrophotometer.
Thermogravimetric (TG) and differential thermal analysis (DTA) were carried out using a Shimadzu
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TGA.50H and DTA.50 computerized thermal analysis system. The rate of heating of the samples
was kept at 10 °C min−1. A 15 mg sample was analysed under N2 flow at 30 ml min−1.

Results and discussion
Two greenish solid complexes [Ni2(NCO)2(H2O)4]SO4 and [Ni2(NCO)2(H2O)4]-(NO3)2

were obtained in aqueous solution at elevated temperature, ca. 95 °C, either by the reaction of
biuret with NiSO4

.7H2O or Ni(NO3)2
.6H2O, respectively, or through the decomposition of the

corresponding parent Ni(II)−biuret complexes. The infrared spectra of biuret, parent complexes
and of the reaction products are shown in Figure 1. Band assignments of these spectra are given
in Table 1. The IR spectra of the parent complex ion [Ni(biuret)2]

2+, Figure 1, B and C, indicate
a coordinated biuret ligand associated with nickel ions. The infrared spectra of the products
obtained on reacting Ni(II) ions with biuret at high temperature, Figure 1, D and E, clearly show

Figure 1. The infrared spectra of (A) Biuret, (B) [Ni(biuret)2]SO4, (C) [Ni(biuret)2](NO3)2,
(D) [Ni2(NCO)2(H2O)4]SO4 and (E) [Ni2(NCO)2(H2O)4]((NO3)2.
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four features in common. (i) The absence of bands due to coordinated biuret, (ii) The presence of
a medium to strong new band observed at about 2185 cm−1 related to the N≡C bond stretching
vibration and is characteristic for a bridged isocyanato ligand [10, 15, 16]. (iii) A set of bands lies
in the region 3642−3421 cm−1 characteristic of coordinated water [10, 16-18]. (iv) The regions
of 700-200 cm−1 in the spectra of the two complexes are very similar in terms of band positions
and are related to the various Ni(II)−ligands vibrations (Ni−N) and (Ni−O), Table 1. On the
bases of elemental analysis as well as the infrared spectra of these products, we suggest the
formation of the binuclear complex [Ni2(NCO)2(H2O)4]X2 (where X = ½SO4

2− and NO3
−). The

same binuclear complex ion [Ni2(NCO)2(H2O)4]
2+ has been obtained in a previous investigation

on reacting nickel(II) chloride or nitrate with urea at high temperature [10].
It is known that biuret coordinates to nickel(II) ions at lower temperature to form the

complex ion [Ni(biuret)2]
2+ [4]. The formation of the bridged isocyanato complex,

[Ni2(NCO)2(H2O)4]X2 (X = ½SO4
2− or NO3

−) from the corresponding parent complex at high
temperature may be understood as indicated by the following reactions:

2[Ni(biuret)2]SO4 +10H2O  90−95 °C    [Ni2(NCO)2(H2O)4]SO4+6CO2+10NH3+H2SO4

2(Ni(biuret)2](NO3)2+10H2O  90−95 °C    Ni2(NCO)2(H2O)4](NO3)2+6CO2+10NH3+2HNO3

Table 1. Infrared frequencies* (cm−1) and band assignments** for the [Ni(biuret)2]X2 and
[Ni2(NCO)2(H2O)4]X2 (X = ½SO4

2−, NO3
−) complexes

[Ni(biuret)2]SO4 [Ni(biuret)2](NO3)2 [Ni2(NCO)2((H2O)4]SO4 [Ni2(NCO)2((H2O)4](NO3)2 Assignments
- - 3642 vs. 3642 vs.
- - 3577 m 3575 s ν (O−H); H2O
- - 3498 m 3482 sh
- - 3421 mbr 3433 m
3410 (s 3433 s - - νas(NH2)
3317 s 3318 s - -
3271 s 3285 s - - ν (N−H)
3201 s 3208 s - - νs(NH2)
- - 2185 ms 2191 s ν (N≡C); NCO−

- - -
1688 vs. 1688 vs. - - ν(C=O)
- - 1630m 1620 m δ(H2O)
1618 sh 1630 sh - - δ(NH2)
1583 w 1573 w - -
1502 s 1496 s - - ν(C−N)+ν(C−NH2)
- - 1455 m 1462 ms ν(C−O), NCO−

- - 1372 m 1371 m
1410 w - - - ν(C−N) + δ(N−H)
- 1390 s - 1350 m ν(NO3

−)
- 1330 vs. - 1300 sh
1329 s - - - δ(N−H)
1132 sh - 1121 s -
1087 s - 1045 s - ν(SO4

2−)
931m - 934 m -
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- 1115 w - - δr(NH2)
- 1085 vw - -
- - - 1049 w δr(H2O)
- - - 990 w
- - - 873 wsh δo.p. (NO3

−)
850 w 815 w - - δ o.p. (C=O)
745 mw 758 m - - δ(C−NH2)
699 w - - - δw(NH2)
- - 663 m 665 sh δ(H2O)
641 s 642 m - - δt(NH2)
- - 620 s 630 s δ(NCO−)
595 sh - - - δ (SO4

2−)
587 w 523 w - - ring def.
- - 515 vs. 515 ms ν(Ni−O)
- - 475 sh 469 ms
468 s 468 s - -
445 sh - - - ν(Ni−O)+δ(C−NH2
375 m 364 w - -
- - 380 ms 376 s ν (Ni−N)
- - 330 ms 330 vs.

* s, strong; m, medium; w, weak; v, very; sh, shoulder. ** νs, symmetric stretch; νas, assymmetric stretch;
δ, bend; δr, rock, δw, wag; δt, twist; δo.p, out of pla

The formation of the green solid complexes, [Ni2(NCO)2(H2O)4]SO4 and
[Ni2(NCO)2(H2O)4](NO3)2 clearly indicate that Ni(II) ions decompose the coordinated biuret
to isocyanate in the same manner as they do with urea at high temperature. However, the
interconversion between biuret and isocyanate and also between urea and isocyanate are known
in the literature [3].

Figure 2. DTA and TG curves for [Ni2(NCO)2(H2O)4]SO4 complex.
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Complete assignments of the infrared bands associated with the spectra of parent complexes,
[Ni(biuret)2]X2, and of the binuclear complexes, [Ni2(NCO)2(H2O)4]X2 (where X = ½SO4

2−

and NO3
−) are given in Table 1. For the parent complexes, all the assignments lie in the expected

regions and agree quite well with the related complexes, [Ni(biuret)2]X2 (where X = Cl−, Br−)
[4,5]. For the spectra of the binuclear complexes, [Ni2(NCO)2(H2O)4]SO4 and
[Ni2(NCO)2(H2O)4](NO3)2, a group of four bands lies in the region 3642−3421 cm−1

characteristic for the stretching motions of the four coordinated water molecules [10,16-18].
The corresponding bending motion δ(H2O) are observed in the expected region around 1630
cm−1 [16]. On the other hand, the various ν(N≡C) of the bridged isocyanato ligands are observed
in the expected region as a strong band at nearly 2185 cm−1. The ν(C−O) of the NCO group is
assigned as two bands for each complex around 1455 and 1372 cm−1, while the bending motion
of the type δ(NCO) in the two complexes is assigned as a strong band at 620 and 630 cm−1 for
the sulphate and nitrate complexes, respectively. The nickel(II)−ligand bond vibrations of the
type ν(Ni−O) and ν(Ni−N) are observed at 515 and 380 cm−1, respectively [10,15,20]. The
assignments of these bands and the other bands associated with spectra of the complexes (Table
1) agree quite well with those known for other related complexes [10, 16, 19, 20].

Figure 3. Infrared spectrum of the final thermal decomposition product, ((NH4)2SO4+NiO)

To make sure about the structure of these complexes, thermogravimetric (TG) and
differential thermal analysis (DTA) were carried out for the solid complex [Ni2(NCO)2(H2O)4]SO4
under N2 flow, and its thermograms are shown in Figure 2. The obtained thermal data strongly
support the proposed complex formula and indicate that the mode of thermal decomposition of
the complex, [Ni2(NCO)2(H2O)4]SO4 occurs in one stage at a maximum temperature of 308.7
°C and is accompanied by a weight loss of 23 % corresponding to the loss of two carbon dioxide
molecules, in good agreement with the calculated values of 23.82 % according to the following
reactions:

[Ni2(NCO)2(H2O)4]SO4     
308.7 °C     2NiO + (NH4)2SO4 + 2 CO2

The residue after this stage is expected to be a mixture of NiO and (NH4)2SO4. The infrared
spectrum for the residue left after this temperature strongly supports this conclusion, Figure 3.
The spectrum shows the characteristic bands associated with (NH4)2SO4.
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