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Abstract

Hydrazinesulfinate and sulfite hydrazinate derivatives of rare earth elements of compositighl43Q0O%(H,0) and Ln(S0;)3(N2H4),
(H20),, respectively, where Le= La, Ce, Pr, Nd and Sm, have been prepared and characterized by chemical analysis and infrared spectra.
The uranyl complexes of the composition L{,;H3;SO0), UO,(N,H3SOO)(N,H,4) and UQSO;(N.H,4)(H20) have also been prepared
under different reaction conditions and studied by different physicochemical techniques. Thermal properties of all these complexes have
been studied by thermogravimetry, and differential scanning calorimetry. The hydrazinesulfinate derivatives of rare earth elements undergo
thermal decomposition in multisteps to give the respective metal sulfate as the residue. The other series of complexes, viz., rare earth sulfite
hydrazinates gave a mixture of metal sulfate and metal oxide as the end products. However, all the uranyl complexes undergo decomposition
in air to give UQSG; as the final product.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction Although the transition metal complexes of hydrazine and

its derivatives have been widely studied with various anions
Hydrazine being a versatile ligand with two basic sites, such as thiocyanat®], chloride [10], sulfite [11], sulfate

forms a variety of complexes with alkaline earth metals and [12], carboxylatg13—17], hydrazinecarboxylaf@—6], hy-

also with lanthanides and actinidfy. The hydrazinecar-  drazinesulfinatd8], etc., the corresponding complexes of

boxylate ion NH3COO™ which is a derivative of hydrazine, rare earth elements and uranyl ion have not been extensively

received much attention during the last two decades duestudied. Only a few reports are available in the literature on

to its different modes of coordination towards metal ions these complexed8-20]. This paper describes the prepara-

[2-6]. It can act as either bidentate chelate or bridging lig- tion, characterization and thermal reactivity of some lighter

and. While studying these hydrazine complexes and their lanthanides and uranyl complexes with hydrazinesulfinate

derivatives, more emphasis is laid on their thermal behav- and sulfite hydrazinate.

ior. The thermochemistry of these complexes is attractive

since hydrazine is an endothermic compound and it liberates

enormous amount of heat energy due to the formation of 2. Experimental

nitrogen molecule. Hence, metal complexes containing hy-

drazine and its derivatives have been utilized and are being The chemicals used were of AR grade. The rare earth

exploited as precursors to metal oxides by their low temper- oxides were purchased from Indian Rare Earths Limited. In

ature decomposition. all the reactions, 99-100% hydrazine hydrate was used as

The hydrazinesulfinate MzSOO™ is the sulfur analogue  received. The solvents were distilled prior to use.
of the hydrazinecarboxylate, which also forms complexes
with metal ions[7,8]and has similar coordination behavior. 2.1. Preparation of Ln(AH3SOO0}(H20)

* Corresponding author. Tel+91-2441975; fax:+91-2448500. The respective rare earth oxide, A®y(0.01 mol) was
E-mail address:ivabickol@yahoo.com (B.N. Sivasankar). dissolved in a minimum amount of dilute nitric acid and
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evaporated to dryness. The residue, the nitrate was dis-was dissolved slowly by passing sulfur dioxide carefully
solved in 20ml of distilled water. To this solution excess so as to avoid even a slight excess of sulfur dioxide which
of hydrazine hydrate (3ml, 0.06 mol) was added which otherwise causes the precipitation of uranyl hydrazinesul-
resulted in the formation of gelatinous precipitate, the finate. The clear solution thus obtained was left aside at
hydroxide. When sulfur dioxide gas was passed through room temperature to yield intense yellow spongy crystalline
this resultant solution, the precipitate dissolved slowly and substance after 2—-3 days. The complex, uranyl hydrazine-
the respective lanthanide hydrazinesulfinate monohydrate,sulfinate hydrazinate thus formed was removed, washed
Ln(N2H3SOOX%(H20), where Ln= La, Ce, Pr, Nd, or Sm  with water followed by alcohol and dried.
was precipitated simultaneously. Excess sulfur dioxide was The above complex was also prepared by adding the lig-
passed (for about five minutes) and the precipitate was fil- and NH3SOONHs in water to an aqueous solution of
tered, washed with water then with alcohol and dried in air. uranyl nitrate hexahydrate as in the case of uranyl hydrazi-
nesulfinate, till the clear solution was obtained. Then, the
2.2. Preparation of Lp(SQs)3(N2H4)(H20), clear solution was processed as above.

To an aqueous solution (50 ml) of the corresponding rare 2.5. Preparation of UQSQ3;(N2H4)(H20)
earth oxide (0.01 mol) dissolved in a minimum quantity of
dilute nitric acid, hydrazine hydrate (1.5ml, 0.03mol) was  The complex was prepared by mixing the aqueous solu-
added and sulfur dioxide gas passed. The gelatinous preciptions of uranyl nitrate hexahydrate (5.02g, 0,01 mol) with
itate formed initially by the addition of hydrazine hydrate either hydrazinium sulfite monohydrate (1.64 g, 0.01 mol) or
was dissolved slowly on passing sulfur dioxide. The gas was hydrazinium hydrazinesulfinate (1.28g, 0.01 mol). In both
passed continuously (for 10 min) till the solution was clear. the cases, the precipitate formed immediately after mixing
Then, the clear solution was left for crystallization. The flake was dissolved by adding a few drops of concentrated nitric
like substance formed after two to 3 days in all the cases acid. The clear solution thus obtained was allowed to stand
was filtered, washed first with water then with alcohol and at room temperature to give yellow flakes of uranyl sulfite
dried in air. hydrazinate hydrate which was removed, washed with wa-

ter, then with alcohol and dried.
2.3. Preparation of UQ(N2H3SO0»
2.6. Physico-chemical techniques

It was prepared by passing excess sulfur dioxide gas into
an aqueous solution containing uranyl nitrate hexahydrate The metal content in the complex was determined by
(5.02 g, 0.01 mol) and hydrazine hydrate (1.5ml, 0.03 mol). EDTA titration after decomposing a known amount of the
The precipitate formed initially by adding hydrazine hydrate complex with nitric acid[21]. The uranium content was
to an agueous solution of uranyl nitrate first dissolved and the determined gravimetrically as WICgHsON)2(CoH7ON)
uranyl hydrazinesulfinate precipitated simultaneously during using oxine. The hydrazine content was determined volu-
the course of the reaction. The precipitate thus formed wasmetrically using a standard Ki3olution (0.025 mol dm?)
filtered, washed successively with water alcohol and dried under Andrew’s conditionf21]. The infrared spectra of the
in air. complexes were recorded on Perkin-Elmer 597 spectropho-

The complex was also prepared by mixing an aqueous so-tometer using KBr discs in the range 4000—-200¢éniThe
lution of uranyl nitrate (0.01 mol) and excess of hydrazinium thermogravimetry and differential thermogravimetry of the
hydrazinesulfinate, pH3SOONH5 (5.12 g, 0.04 mol). complexes were recorded on a Delta series TGA 7 instru-

The ligand, NH3SOONH5 was prepared by passing sul- ment and differential scanning analysis was recorded on
fur dioxide gas through hydrazine hydrate in absolute alco- a Delta series 7 instrument. The heating rate wasCLO
hol. Initially by mixing the ligand with uranyl nitrate yellow  per minute and all the experiments were carried out in air
precipitate was formed which dissolved slowly by the addi- using platinum cups as sample holders. About 3-8 mg of
tion of excess ligand to give a clear solution. Further addition the sample was used for simultaneous TG, DTG and about
of ligand to this clear solution resulted in the precipitation 1-5mg was used for DSC experiment.
of the complex, uranyl hydrazinesulfinate. This precipitate
was filtered, washed first with water then with alcohol and
dried at room temperature. 3. Results and discussion

2.4. Preparation of UQ(N2H3SOO)»(N2H4) The rare earth hydrazinesulfinate monohydrates and lan-
thanide sulfite hydrazinate derivatives were prepared and the
This compound was obtained by bubbling the sulfur diox- compositions of these complexes were assigned on the ba-
ide gas through a mixture of agqueous solution containing sis of their metal and hydrazine contentalfle 1). In the
uranyl nitrate hexahydrate (5.02 g, 0.01 mol)and hydrazine case of lanthanide sulfite hydrazinate derivatives lanthanum,
hydrate(1.5ml,0.03mol). The precipitate formed initially cerium and praseodymium form bis-hydrazine complexes
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Table 1
Analytical data of the complexes
Compound Color Yield Hydrazine (%) Metal (%)

Found Calcd. Found Calcd.
La(N2H3SOOX%(H,0) Colorless 75 21.00 21.71 30.30 30.45
Ce(N;H3SOO0)(H20) Colorless 75 21.00 21.65 31.70 31.60
Pr(N,H3zSOO)(H,0) Pale green 80 21.50 21.61 31.00 31.76
Nd(N2H3SOO0)(H20) Rose 85 20.80 21.45 32.20 32.22
SmM(N:HzSOO0)(H,0) Light yellow 70 20.60 21.16 32.50 33.11
Lap(SOs)3-2N2Hg Colorless 80 11.20 11.00 46.90 A47.77
Ce(S0O3)3-2N2Hs Colorless 85 11.50 10.96 46.80 47.95
Pry(S0;s)3-2N2H4 Pale green 75 11.50 10.92 47.60 48.12
Nd2(S0;s)3:3N2H4-3H0 Rose 70 13.80 14.16 42.00 42.48
Smp(S03)3-3N2H4-3H,0 Light yellow 75 13.25 13.91 42.70 43.48
UO2(N2H3SOO0) Light yellow 90 14.30 13.91 49.90 50.74
UO2(N2H3SOO)(N2H4) Intense yellow 70 20.00 19.79 47.60 48.37
UO,S03(N2H4)(H20) Light yellow 70 8.30 8.00 58.70 59.00

while neodymium and samarium tris-hydrazine trihydrate 3.2. Thermal decomposition
complexes. The formation of different types of complexes . _ _
in the later case was also observed with transition metal ions  The thermal properties of hydrazine complexes are inter-

[8]. esting due to their sensitivity towards heat. Besides the fi-
nal decomposition residues, the degradation scheme is also
3.1. Infrared spectra more interesting which leads to different intermediates and

final products. Thus, the decomposition process depends on

All the hydrazinesulfinate monohydrate complexes show various factors like rate of heating, surrounding atmosphere

three bands in the region 3300-3000¢mThese bands etc. are new to the literature the thermal degradation was
are assigned to the N-H stretching of Nigroups. The studied in air with the heating rate of 1@ min—1.

O-H stretching of the water is seen at 3400¢niThe N-N The salient feature of the thermal decomposition stud-

stretching of NH3SOO™ ions are observed at 980 cth ies are summarized as follows. The intermediates and fi-
The symmetric and asymmetric stretching of SOO group are nal residue/residues formed during thermal degradation have
observed at 1100 and 880 ¢ respectively, which indi- been proposed on the basis of thermogravimetric weight loss
cates the oxygen co-ordination rather than sulfur coordina- (Table 2). Though the final products have been analyzed for
tion [22]. their composition, the intermediates have not been analyzed

The band seen at 3450-3400chfor neodymium and  due to their instability at such temperatures at which they
samarium sulfite hydrazinate hydrates is due to the O-H start decomposing as soon as they are formed preventing
stretching of water molecules. All the rare earth sulfite hy- their isolation.
drazinates and hydrazinate hydrates show N-H stretching
frequency at 3350-3000 cth. The N-N stretching of the  3.2.1. Rare earth hydrazinesulfinate monohydrates
N2H4 groups are observed at 960 chindicating the biden- All the complexes of this type decompose in a sim-
tate bridging nature of hydrazine moietig3]. This is ex- ilar fashion (Figs. 1 and 2). The first stage is found to
pected similar to that of the transition metal complexes. be dehydration in the temperature range 60-150As

The uranyl hydrazinesufinate and its hydrazinate show expected, this step is endothermic as shown by the DSC
two bands in the region 3300-3200tidue to the N-H curve. Also, the removal of water relatively at low tem-
stretching frequencies. The N-N stretching ofH§SOO perature is an indication of the presence of this group as
group is observed at 980 crh similar to the rare earth  non-coordinated species. In the known systgfr& con-
complexes. The hydrazinate adduct also shows a band ataining coordinated water, the dehydration takes place above
960 cnm ! which can be attributed to the N-N stretching fre- 300°C.
quency of bridged hydrazin@3]. The two bands observed The anhydrous complex thus formed undergoes further
at 3300 and 3200 cri for the uranyl sulfite hydrazinate hy-  decomposition in two steps giving the respective metal sul-
drate are ascribable for N-H stretchings. The hydrated com-fate as the final product and the corresponding metal sulfate
plex shows a band at 3400 cthdue to the O-H stretching  hydrazinate as the intermediate. The formation of this inter-
of water molecule. The N-N stretching for the complexes mediate has been confirmed by their qualitative and quan-
is observed at 970 cni. All of the uranyl complexes show titative analyses of metal, sulfate and hydrazine contents.
S—0 asymmetric stretching in the range 1100-1090'cas This has been done after the isolation of this intermediate
reported earlief23]. The characteristic O-U-O stretching at appropriate temperatures during thermal degradation.
of all these compounds is observed at 900¢m The formation of metal sulfate is quite probable since the
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Table 2
Thermal analysis data
Compound DTG peak DSC peak TG temp TG weight loss (%) Final products
t C t C C S ———
emp (C) emp (C) range (C) Found Calcd.
La(N2H3SOO0)(H20) 110 110 (+, b) 60-120 5.00 4.07 La(NH3SOO}
205 210 (+) 120-250 20.00 21.51 LESOy)3-4N2H4
490, 540 (d) 440, 540 (+, d) 360-600 34.00 35.99 ABOy)3
Ce(N;H3SO0X%(H20) 95 120 (+) 60-120 4.00 4.06 Ce(NH3SOO0)
200 190 (+) 160-240 19.00 21.45 GEOy)3-4No2H4
390, 530 485, 520 (+, d) 300-570 23.00 25.06 CeSO
Pr(N;H3SOO)(H20) 90, 140 (d) 90, 130 (+, d) 60-150 4.00 4.05 Pr(NH3SOO}
210 210 (+) 150-250 20.00 21.41 RISOy)3-4N2H4
470, 535 475, 535 (+, d) 300-595 34.70 35.83 280y)3
Nd(N2H3SOO0X%(H20) 100 105 (+) 60-110 5.00 4.02 Nd(MH3SOO0}
200 220 (+) 160-240 19.50 21.26 NESOy)3-4N2H4
550 560 (+) 300-595 35.20 35.56 NESOy)3
SM(N;H3SOO)(H20) 90 100 (+, b) 60-150 3.50 3.97 Sm(MH3SO0)
195, 220, 230 (t) 220, 240 (+, b) 150-250 22.00 20.97 2&8y)3-4N2H,
585 590 250-600 36.80 35.08 SIHBOy)3
Lay(S0;3)3-2N2H4 150 170 (-) 100-180 6.00 5.50 Lo#S03)3(N2H4)
320 280 (+,%) 180-500 12.00 11.00 LESOs)3
550 550 (+) 510-580 24.30 23.37 LE&5Oy)3 + Lax03
Ce)(SOs)3-2N2Hyg 150 150 (-) 80-200 6.00 5.48 Ce(SOs3)3(N2H4)
290 290 (+,%) 200-300 9.50 10.95 GESOs)3
450 450 (+) 300-500 12.00 13.70 Ce(9R + CeO
Pry(S0;3)3-2N2H4 160 160 (-) 100-180 5.60 5.46 RS Os)3(N2H24)
330 330 (+,%) 180-480 12.50 10.92 RISOs)3
540 540 (+) 510-580 26.50 23.21 RiSQs)s + Pr203
Nd2(SOs)3-3N2H4-3H,0 110 90 (+) 60-130 7.00 7.96 Nd(SO3)3-3N2H4
220, 460 220, 460 (+,%) 130-480 22.50 22.12 NESOs)3
540 540 (+) 500-580 35.78 32.74 N¢ESOy)3 + NdoO3
Smp(S03)3-3N2H4-3H,0 80, 110 80, 110 (+, d) 60-130 8.00 7.82 Sm(SGs)3-3N2H4
210, 460 210, 460 (+,%) 150-480 22.00 21.73 SIE0s)3
560 560 (+) 520-580 34.00 32.17 SItBOy)3 + SMpOs
UO2(N2H3SO0) 185 185 (-) 160-230 23.80 23.91 US0s
UO2(N2H3SOO)(N2H4) 145 145 (-) 95-155 6.10 6.51 UQ(N2H3SO0)
180 180 (-) 155-280 22.30 22.35 UGS 0s
UO,S03(N2H4)(H20) 180 180 (+) 125-210 5.00 4.50 UEB0O3(N2H4)
240 240 (-) 215-260 8.00 8.38 Ugs O3

(+): endotherm; (—): exotherm; d: doublet; t: triplet; b: broad): (boroad endotherm with minimum centered at the given temperature.

oxidation of sulfinates to sulfites or sulfates is the normal DTG curves corresponding to the dehydration are very sharp
trend during the decomposition of such complexes in air while the DSC curves show only broad exotherms. Fur-
atmosphere. Though this result is not convincing, since hy- ther, the decomposition of the hydrazinate complexes in all
drazine chemists and material scientists were always inter-the cases is continuous over a wide temperature range to
ested to have metal oxide as the final decomposition residuegive the mono hydrazinate intermediate, which decompose
such end products could be achieved through the thermalsharply to give the metal sulfate. The DSC shows a broad
decomposition of these complexes in inert or reducing at- endotherm corresponding to the decomposition of hydrazi-
mosphere, which prevents the oxidation of sulfinate group nate complexes and so also the DTG curve. Both DSC and
which has been observed in the case of transition metalDTG are very sharp for the final step i.e. the degradation of
hydrazinesulfinates and their hydrazindi&s Such a trend mono hydrazinate to the metal sulfate.
cannot be expected in the case of well known hydrazinium
rare earth sulfate monohydrates. 3.2.2. Rare earth sulfite hydrazinate derivatives

The TG, DTG and DSC curves of cerium and neodymium  Since lanthanum, cerium and praseodymium form com-
complexes given as representative examples show that theplexes of the same composition, they are expected to
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Fig. 1. TG, DTG and DSC curves of CefN3SOO)(H20).

undergo decomposition in a similar manner. Indeed, all the as expected. The dehydration is endothermic and broad.
three complexes decompose in three stages. The first ste@dhen the anhydrous compounds undergo dehydrazination
is the dehydrazination and it is exothermic. The second and decomposition as above to give a mixture of metal sul-
stage is also dehydrazination which corresponds to a broadfate and metal oxide in 1:1 ratio. Unlike the above three
endotherm centered at 280, 330 and 200 respectively, anhydrous complexes, the neodymium and samarium com-
for the La, Ce and Pr complexes in the DSC curve and TG plexes give up two hydrazine molecules during first step of
(Fig. 3) shows a weight loss for this step in the temperature dehydrazination. The formation of the mixture of metal sul-
range 200-550C. The final step is the decomposition of fate and oxide has been previously observed in the thermal
lanthanide sulfite at around 60Q to give the mixture of degradation of similar transition metal complex24].
respective metal sulfate and oxide in 1:1 ratio as the final Again, in this case also the final product is not a pure metal
products and this step is very sharp in DSC and DTG. oxide. Of course, the oxide can be separated by dissolving
In the case of neodymium (Fig. 4) and samarium, since the sulfate in water. However, as mentioned in the transition
they are hydrated, the complexes first undergo dehydrationmetal complexes, in this case also it may be possible to get
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Fig. 2. TG, DTG and DSC curves of Nd§N3SOO}(H,0).
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metal oxide alone by combustion. The TG, DTG and DSC 3.2.4. Uranyl sulfite hydrazinate hydrate
traces of lanthanum and neodymium complexes are shown The DSC of UQSOs3(N2H4)(H20) shows two distinct
in Figs. 3 and 4, respectively, as representative models forsteps. The first endothermic peak is due to dehydration,

anhydrous and hydrated metal sulfite hydrazinates. which occurs at (180C), a fairly high temperature, in-
dicating the presence of coordinated water. The anhy-
3.2.3. Uranyl hydrazinesulfinate and its hydrazinate drous compound further decomposes exothermically at

The DSC of UG(N2H3SOO0) shows a single exothermat  240°C to give UQSO; by the removal of hydrazine.
185°C corresponding to the decomposition of the compound The TG is in accordance with the DSC results. The
to give UGSOs. The uranyl hydrazinesulfinate hydrazinate uranyl sulfite formed in all the above cases have not
decomposes in two stages. The first stage is dehydrazinatiorbeen further studied since its decomposition at high tem-
at 145°C which is exothermic to give the UN,H3SOO0) perature to give @Og is well known. The TG, DTG
as intermediate which further decomposes similar to the and DSC traces of U£N,H3SOO) are shown in

above. Fig. 5.
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