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Transition metal sulfite hydrazine hydrates, MSO3 .xN2H4.yH20 where M --- Mn, Fe, Co, 
Ni and Zn have been prepared and characterized by chemical analysis, infrared spectra, ther- 
moanalytical and combustion studies. The colours, x and y parameters of the complexes 
varied depending upon the preparation conditions. Thermal decomposition characteristics 
differ from metal to metal yielding metal oxides at relatively low temperatures. 

Hydrazine is well known [1] to form various complexes with transition 
metals. The nature of these complexes is greatly influenced by the type of 
anions such as sulfates, oxalates, hydrazidocarbonate etc., associated with 
the metal ions. These complexes are important as precursors to obtain 
simple and/or mixed oxides which can have interesting semiconducting and 
catalytic properties. Ray and Goswami [2] in 1928 reported sulfite based 
metal hydrazinate hydrate complexes having the composition 
M S O 3 " x N 2 H 4 " y H 2 0 .  Their preparation involves varying degree of satura- 
tion of a solution of metal hydroxide and hydrazine with SO2 gas. The 
present investigation was aimed at synthesizing such complexes under 
definite preparative conditions and study their infrared spectra, magnetic 
properties and thermal behaviour. 
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2584 BUDKULEY, PATIL: SYNTHESIS, INFRARED SPECTRA 

Experimental 

The synthesis of these hydrazine complexes MSO3.xN2H4-yH20, in- 
volved two steps. Hydrazine hydrate (99-100%) was at first saturated with 
SO2 gas and the resulting product-hydrazinium sulfite monohydrate, 
(N2H5)2SO3-H20 was precipitated out by the addition of alcohol. Sub- 
sequently hydrazinates were obtained by treatment of (N2H5)2SO3"H20 
with divalent metal ions, M 2+ =Fe, Mn, Co, Ni or Zn under different 
preparative conditions as mentioned below: 

Method I*." Reaction in presence of  N2H4 " t"I20 

Calculated quantity of (N2H5)2SO3" H20 was dissolved in N2H4" H20. To 
the alkaline solution (pH-9)  thus obtained, stoichiometric quantity (M: SO3 
equal to 1:1) of metal salt solution was added with constant stirring. The 
compound formed was initially washed with alcohol and then dried in a 
vacuum desiccator over P205. (Method I is indicated by single asterisk (*) 
in the ensuing discussion.) 

Method II**: Reaction in the absence of  N2[-I4" H20  

To an aqueous solution of (N2H5)2SO3"H20 (pH 4), stoichiometric 
quantityM: SO3 (1:1) of metal salt solution was added with constant stirring. 
To the resulting solution alcohol was added to the product precipitate which 
was filtered and washed with alcohol and then filtered. It was then washed 
with alcohol and dried in a vacuum desiccator over P205. 

(N2H5)2SO3"H20 + aq. ~ (N2H5)2SO3"H20 aq. 

(N2H5)2SO3"H20 aq. ~ (N2H4)2"H2SO3" H20 aq. 

MC12 + (N2H4)2H2SO3 -H20 aq +nH20  

--}MSO3.xN2H2 �9 yH20 + 2HC1 + (2-x)N2H4 + (n + 1-y)H20 

(Method II is indicated by two asterisks (**) in the ensuing discussion.) 
The compositions of metal sulfite hydrazine hydrate complexes were es- 

tablished by chemical analysis. The metal content was fixed by EDTA titra- 
tions [3]. The usual volumetric method of determining hydrazine using 
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0.025 M KIO3 solution under Andrews [3] conditions could not be used for 
these complexes as sulfite also reacts with KIO3. Therefore, a modified pro- 
eedure [4] (method of difference) for determination of hydrazine and sulfur 
(in sulfite) was used. 

Thermogravimetry (TG) experiments were carried out using a Stanton- 
Redcroft TG - 750 thermobalance with 6-8 mg samples. Differential Ther- 
mal Analysis (DTA) was carried out using an instrument described 
elsewhere [5] with 50-100 mg sample. The heating rate employed was 
5 deg.min -~ both in TG and DTA experiments which were carried out in air. 
Pt sample holders were used. Infrared spectra of the samples were recorded 
as Nujol mull using Perkin-Elmer 599 spectrophotometer. X-ray powder dif- 
fraction patterns of the samples were recorded on a Philips PW 1050/70 dif- 
fraetometers using CoKa and CuKa radiations. 

Results and discussions 

Ray and Goswami [2] reported the synthesis of various metal sulfite 
hydrazinate hydrates MSO3"xN2H4.yH20 by passing SO2 gas for different 
duration in solution of metal salt containing hydrazine. In the present inves- 
tigation it was noted that irrespective of the method of preparation, 
hydrazine hydrate represented by the formula given above was formed. The 
value of x and y representing the number of molecules of N2H4 and H20 
respectively varied depending upon the method of preparation. It is interest- 
ing to note that while Fe, Mn and Zn formed those complexes only by 
Method I, Co and Ni could form these complexes by both the methods viz. 
Method I and Method II. 

The results of chemical analysis (Table 1) show that there is a good 
agreement between observed and calculated values of metal, sulfur and 
N2H4 contents for proposed formula mentioned therein. 

Infrared absorption spectra (Fig. 1) of the compounds are identical and 
show characteristic absorption of N2H4 and sulfite. The assignments of the 
i.r. absorptions have been made on the basis of earlier studies and sum- 
marized in Table 2. The absorption-960 cm -1 is characteristic of N-N 
stretching frequency of bridged hydrazine. Sulfite absorptions are observed 
around 1000, 620 and 495 cm -1 in comformity with those reported [7] in the 
literature. Infrared absorptions of H20 molecule are also observed 
(Table 2). 

Thermoanalytical (TG and DTA) data of the complexes are presented in 
Table 3. Discussion of the individual complex is as follows: 

J.. Thermal AnaL, 36~ 1990 
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FeS 04" 2N2H4" H20* 
This complex is pale green in colour, highly susceptible to atmospheric 

oxidation and exhibits autocombustion. TG and DTA curves of this complex 
are shown in Fig. 2. Thermogravimetry of this complex shows 38% weight 
loss in the temperature range 130-142 ~ due to the loss of H20 and N2H4. 
Complementary peak is observed in the DTA at 135 ~ FeSO3 thus formed 
decomposes disproportionately into oxide and sulfate in the temperature 
range 190-198 ~ showing 50% loss in the TG and sharp exotherm at 190 ~ 
Qualitative tests of the decomposition residue in the TG and DTA confirm 
the presence of oxide and sulfate. However combustion residue of this com- 
plex contains a mixture of a and y-Fe203 (mostly y-Fe203). This is con- 
firmed [8] by its X-ray (Fig. 3). This can be ascribed to the highly 
exothermic decomposition of the complex. 
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Fig. I Infrared spectra of MnSO3"2N2H4"2H20 in Nujol Mull 
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Fig. 3 X-ray diffraction pattern of a) ? - Fe203 ( CoKa ) b) NiO(CuKa) 

MnSO3" 2N2H4" H20* 
This colourless complex shows a comparatively high thermal stability. TG 

shows 17.0% weight loss in the range 120-158 ~ and 42% weight loss in the 
range 202-245 ~ The former is due to the removal of. H 2 0  and the later due 
to the loss of N2H4 through decomposition. Complementary peaks are seen 
in the DTA - an endotherm at 152 ~ and an exotherm at 232.8 ~ beyond 360 ~ 
Mn803 disproportionates [9] into sulfate (major) and oxide/sulfide. 

CoSO3.2N2H4.H20* 
It is a flesh coloured complex found stable upto 88 ~ Beyond this 

temperature, it gradually loses H20  as is evident from the thermogram 
which shows 8% loss in the range 88-121 ~ The exothermic loss of N2H4 and 
decomposition of COSO3 is continuous in the TG. Weight loss of 50% and 
analysis of the residue suggest the decomposition to oxide and sulfate. Com- 
plementary peaks are seen in the DTA. X-ray diffraction data [8] of the TG 
residue shows the presence of Co304 as a major component. 

y.. Thomal AnaL, 3~ 1090 
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COSO3" 1.5N2H4"H20** 
This is a yellow coloured complex which loses H20 (8.4% loss) and N2H4 

(38% loss) on heating, with weight loss in TG in the temperature ranges 84- 
108 ~ and 127-134 ~ respectively. The residue COSO3 so formed on further 
heating decomposes disproportionately to yield Co304 as a major com- 
ponent (together with traces of COSO4). 

NiSO3.3N2H4" H20* 
This complex which contains three N2H4 molecules is rose coloured. TG 

data indicates gradual loss of water starting below 100 ~ (Fig 4). The weight 
loss is from 72-140 ~ . Further decomposition occurs between 164-215 ~ which 
is due to the loss of total hydrazine. Peaks at 98 ~ (endo) and 182 ~ (exo) are 
seen in the DTA. NiSO3 is found to be stable upto 240 ~ subsequently 
decomposing into oxide (major) and sulfate similar [10] to hydrated NiSO3. 

lOO 
u~ 
u) 
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80 

6r 

4r 
*~e~eI .m*i  

I I I 
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Exo 
t 
I 

AT 

En~ 
200 300 400 

Ternperot u re 1 ~ 

Fig. 4 TG and DTA NiSO3.3N2H4. H20 

NiSO3"2N2H4"H20** 
NiSO3 "2N2H4"H20 is blue in colour and soluble in water. On addition of 

N2H4"H20 to its solution, it yields rose coloured complex which is iden- 
tiffed as NiSO3.3N2H4. H20. 

The relatively high decomposition temperature of this complex indicates 
its high stability in comparison to the other Ni-eomplex mentioned above. 
Thus it loses H20 between 140-170 ~ (7.8% loss in TG) followed by loss of 
N2H4 in the range 220-256 ~ (24% loss in TG). DTA shows complementary 
peaks at 148 ~ and 251 ~ Decomposition of NiSOs .N2FI4 follows immediately 
after the removal of N2H4 and exothermieity of decomposition of both N2H4 
and NiSO3 appears as one sharp exotherm (58.5% loss) with shoulder. The 

I.. Thermal AnaL, 36, 1990 
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X-ray diffraction pattern (Fig. 3) of the residue ~400 ~ shows the presence 
of NiO [8]. 

Z n S O 3 -  2 N 2 H 4  �9 1 . 5 H 2 0  * 

It is a colourless complex. It does not exhibit autocombustion and 
decomposition occurs above 100 ~ . 23.5% weight loss in the range 115-155 ~ 
indicates loss of total water. N2H4 decomposes between 200-236 ~ with the 
weight loss of 40% observed in the TG. (Theor. 38.5%). Both these decom- 
position steps are seen in the DTA with endotherm at 145 ~ and exotherm at 
215 ~ ZnSO3 so formed decomposes 368 ~ exothermically to sulfide and sul- 
fate. 

Thus the total loss of water during decomposition occurs below 110 ~ in 
the case of complexes of Fe, Co and Ni and exhibit autocatalytic decomposi- 
tion. Whereas in contrast Zn and Mn complexes lose water around 145 ~ and 
do not exhibit this property. Thus autocatalytic decomposition is due to loss 
of hydrated water at lower temperatures. Though disproportionation is ob- 
served in all the complexes, the combustion residues of all metal sulfite com- 
plexes are oxides. Which can be ascribed to very high heating rate together 
with exothermicity of hydrazine decomposition. 

In metal sulfite hydrazine hydrate complexes, the temperatures at which 
the disproportionation occur are thus found to be relatively lower, which 
evidently suggests the presence of a strong metal - oxygen bond. Secondly, 
the detection of SO2 gas as one of the products during the decomposition 
together with the fact that oxides are found to be the major residues, favours 
the presence of bonded sulfite group with a strong metal - oxygen bond. 

References 

1 (a) L. F. Audrieth and B. A. Ogg, ~'he Chemistxy of Hydarzine ~, Johll Wiley and Sons Inc., New 
York N. Y. 1951. 
(b) E. W. Schmidt, "Hydrazine Chemistry n, John Wiley & Sons, 1984. 

2 P. Ray and B. K. Goswami, Zeit. Anorg. Chemie., 168 (1928) 329., C~ A. 22:1921. 
3 L A. Vogel, "A Text-Book of quantitative Inorganic Analysis ~, 2nd FAn., Longmans, London 1951. 
4 J. S. Budkuley, 'Synthesis, Characterization and Thermal Analysis of Hydrazinium Sulfite 

Monohydrate' (Communicated). 
5 K. Kishore, V. R. Pal Verneker and M. 1L Sunitha, J. Apply. Chem. Bio. Technol., 27 (1977) 415. 
6 A. Braibanti, F. DaUavaUe, M. A. FeUinghelli and E. Laporati, Inorg. Chem., 7 (1968) 1430. 
7 V. P. Verma, Thermochim. Acta, 89 (1985) 363. 
8 Powder Diffrdction File, Inorganic 3/ol. Joint Committee on Diffraction Standards, Pennsylvania, 

1967. 
9 F. G. Butler and A. MitcheU, J. Therm. Anal., 10 (1976), 257. 

10 H. Lutz, W. Eckers and B. Engelen, Z. AnorD Allgem. Chem., 475 (198 0 ,165,  C. A. 95:17207 ge 

Thermal Anal., 5~ 1990 



2592 BUDKULEY, PATIL: SYNTHESIS, INFRARED SPECI'RA 

Zusammenfassung - -  Mittels chemischer Analyse, IR-Spektren, thermoanalytisehen und 
Verbrennungsstudien wurden die Hydrazinhydratr der hergestellten Ubergangsmetallsulfite 
MSO3"xN2H4"yH20 mit M = Mn, Fe,  Co, Ni und Zn beschrieben. Farbe sowie die 
Parameter x und y der Komplexe h~ingen von den Herstellungsbedingungen ab. Die thermi- 
sehe Zersetzung, bei der bei relativ niedrigen Temperaturen Metalloxide entstehen, ist yon 
Metall zu Metall versehieden. 
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