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ABSTRACT

A thermal investigation of M(N3;H;s)2(S03),, where M = Mn(II) or Co(Il), has been
carried out. On heating, the complexes become MSO, via an intermediate compound,
M(N,Hg)p.5(HSO4)S04)g.5- The intermediate compound has been isolated and charac-
tenised by elemental analyses, IR spectra, diffuse reflectance spectra, magnetic and con-
ductance data. The intermediate compound seems to possess pseudo-tetrakedral coordina-
tion where one SO4 group is tetradentate and bonded with four different metal ions
which are surrounded by HSO4 groups and hydrazines bridging two metal 1ons The X-ray
powder diffraction pattern of the intermediate derived from the cobalt(Il) complex has
been obtained and the d-values are reported. Activation energies (E™) and enthalpy
changes (AH) for each decomposition step have also been calculated. The probable me-
chanisms of decompositions are discussed

INTRODUCTION

Numerous metal hydrazine complexes are reported in the literature [1—
4]. Hydrazinium metal complexes are also widely known [5—7]. Thermal
investigations of these complexes are very scanty. Tsuchiya et al. [8] carried
out some thermal investigations of Ni(II) halide hydrazine complexes and
reported the intermediate bridge complexes formed on heating the uniden-
tate hydrazine complex. Recently, some attention has been given to the
mechanism of thermal decomposition of some hydrazinium salts [9—12],
but the thermal investigation of complexes having the hydrazinium cation as
ligand [13] has not yet been done. This paper describes the mechanism of
thermal decomposition of M(N,Hs).(SO4),, where M = Mn(II) or Co(1II). It
reports the thermal stability, maximum decomposition temperature, activa-
tion energy and enthalpy change for each decomposition step, and also deals
with the characterisation of the intermediate compound formed while
heating.

EXPERIMENTAL
All the chemicals used were A.R. grade.

* To whom correspondence should be addressed.
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Preparation of M(N,H;),(SO.), - n H,O, where M = Mn(II} or Co(Il), n=1 in
Mn(II)and n =0 in Co(Il)

These were prepared in two ways. (1) An aqueous solution of hydrazine
sulphate (2 mmole) was neutralised by drop-wise addition of dilute ammonia
solution. This neutralised solution was mixed with MSO4 (1 mmole) dis-
solved ‘n water while stirring vigorously for a few minutes; a fine crystalline
mass separated. The crystals were collected, washed several times with water
and finally with ethanol, and then dried in a desiccator containing fused cal-
cium chloride. (2) This procedure is almost identical with procedure (1). Here
aqueous hydrazine sulphate solution instead of neutralized hydrazine sul-
phate solution was used. By this procedure, the complexes do not possess
any water.

Thermel measuremesnts

The thermal analysis was carried out using a MOM derivatograph. A con-
stant flow of dry air was maintained. Platinum crucibles were used and the
heating rate was 4°C min~!. The particle size of the samples was within 150—
200 mesh. The volume of the sample in each case was the same. Enthalpy
changes (AH) were calculated from the DTA peak area using indium metal as
calibrant. The activation energy was calculated from TG and DTA curves
using the equations of Freeman and Carroll [14] and Borchardt and Daniel
[15], respectively.

Elemental analyses

Elemental analyses were carried out in the microanalytical section of the
Australian Mineral Development Laboratories as well as in the microanaly-
tical laboratory of our institute.

Spectral measurements

Infrared spectra (KBr disk, 4000—400 cm~') and diffuse reflectance
spectra (visible range) were recorded using a Beckman IR spectrophotome-
ter, model IR-20A4, and a Cary 17D spectrophotometer, respectively.

Magnetic measurement and conductivity data

Magnetic moments of the compounds were evaluated at room temperature
from the magnetic susceptibilities of the samples, corrected by applying Pas-
cal’s constants of the elements involved, using the Guoy technique where
Hg[Co(SCN),] was taken as standard. Conductivity data were obtained using
a Philips conductivity bridge.

X-Ray powder diffraction

X-Ray powder diffraction patterns of the compounds were obtained on a
Philips powder diagram camera, using CoK, radiation.
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RESULTS

Mn(N,H;),(SO4), - H,O prepared by procedure (1) loses its molecule of
water in a single step (Fig. 1). The dehydrated compound decomposes to
manganous sulphate via an intermediate compound (I,; Table 1). The manga-
nous complex prepared by procedure (2) does not contain any water. The
pattern of decomposition of this compound differs little from the previous
one, as shown in Fig. 1, and it appears from Table 1 that the starting tem-
perature of decomposition of the anhydrous as well as the intermediate com-
pound is lower than that of the decomposition of the complex derived by
procedure (1). The DTA curve shows a sharp exotherm for the formation of
an intermediate compound. On the other hand, the DTA curve exhibits no
notable drift of the curves from the baseline for the decomposition of the
intermediate compound to metal sulphate. In the case of the cobalt(II) com-
plex, unlike the manganese(Il) complex, both the preparation procedures
produce complexes similar in composition. The nature of the thermal curves
(Fig. 1) of cobalt(II) complexes is identical to that of manganese(II) com-
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Fig. 1. Thermal curves of Mn(N,;H;5)2(SO4)2: H,O (A) prepared by procedure (1);
(Mn(N,H;s),(S04); (A') prepared by procedure (2); Co(N3Hs)2(S04); (B) prepared by
procedure (1); and Co(N3zHs)2(S04)s (B') prepared by procedure (2).
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Fig. 2. Diffuse reflectance spectra of Co(NyH;s)2(SO4)y (1) and Co(N3;Hg)o.5(HSO,)-
(804)0.5 (2).

plexes. The temperature ranges, DT A peak temperatures, values of enthalpy
changes and activation energies for each decomposition step are shown in
Table 1. Both the intermediate compounds (I, and I,) are highly soluble in
water. Molar conductances of complexes and their intermediate compounds
are shown in Table 2. Magnetic data of complexes as well as intermediate
compounds are also tabulated in Table 2. Reflectance spectra (in the visible
range) of the cobalt(II) complex and its intermediate compound (I,) are
shown in Fig. 2. Infrared data of both the complexes and the intermediate
compounds (I; and 1,) are shown in Table 3. The derived intermediate com-
pounds separate as shining, transparent crystals [colourless for Mn(II) and
pink for Co(II)] from a water—ethanol mixture on long standing. The com-
position of I; and I, changes to M(N.H.)o.s(HSO4)(SO4)o.5s *+ 2 H,O. The inter-
mediate (I,) derived from the cobalt complex is dark grey in colour but
changes to pink in water. Magnetic data of both the hydrated intermediate
compounds are given in Table 2. Infrared data of the hydrated intermediate
compounds are also shown in Table 3. d-Values of Co(N,Hai)o.s(HSO,)-
(SO.)o.s are shown in Table 4. d-Values of the corresponding manganese(II)
compound could not be recorded because of the non-availability of proper
radiation. Analytical data of the complexes and their intermediate com-
pounds are given in Table 2.

DISCUSSION

It is noted in Fig. 1 that the thermal curves are dependent on the prepara-



21

duipuaq (HOH) e

"JOPNOYS = (Ys) ‘wnipawl = wl ‘Buo13s = § ‘peoIq = 1q ‘Juorts KieA = sa ‘Juipuaq = g ‘Burydjenss = a

w Q19 s 089 ‘s 099
5009 ‘5 029 ‘s GF9

S 009 ‘s 629 ‘s 0¥9
5009 ‘s 39 ‘s ¢¥9
1q'sA 089—08S
iq'sa 0L9—0%9

(us) o¥01
$ 0S0T

(us) ogot
w ggor
w 666
W Go0T

SA QOTT ‘sA GPIT
SA QTTT ‘sA QLTI

SG6OT ‘s GV11
S 080T ‘sA 0ETT
194 0Z01—0031T
iqA 0G0T—08TT

S Q0PT ‘W ¢ 091
SA 00VT ‘W g 0E9T

SA g1

SA GGP1
wOgeT ‘s G0SI
wQIET ‘s 0081

iq'sa 00TE—00%E

1q‘sA 0S08—003 €

‘(us) 00¥e
1q‘sa 0G08—008¢8
1q°sA 0G0E—008¢€
1q°sa 009%—008¢
1q‘sa 0G92—06%8

O%H 2 - 9'0(*08)(YOSH)S A YHIN)oD

0'H?g T9*08)("OSH)S U(*HEN)UN
30(r05)(*0sH)® AYHEN)0D
¥'0(* 05)(*OSH)® AP HEN)UI

(*0S)¥SHEN)oD
Y*08)(SHEN)UIN

uoljeurIojop
(H—N) + (_Y08)va

(H—N)a

duidfem (H—N)
+(_tos)ta

‘N

(EHN)a/(*HN)a

punodwoy

spunodwod ajerpawiajul AaYy} pue puedi| se uoijed wnuizeapAy ujuiejuod saxadwod ayj jo (,_wo) ejep [erjoads pasedyuf

Rt LA



22

TABLE 4
X-Ray diffraction data of Co(N;Hg)g.5(HSO4)(S04)0.5 [I.1

dpr (A) I/ig (™) dupr (A) /g (~)
4170 80.0 2.499 50.0
3728 600 2.221 35.0
3.377 100.0 2.001 25.0
3.016 80.0 1.895 30.0
2 815 40.0 1.768 30.0

tion procedure of the complexes. On the other hand, no remarkable distinc-
tion is observed in the IR spectra, diffuse reflection spectra and magnetic
moments of the complexes prepared in two different ways. The mangan-
ese(II) complex isolated by procedure (1) contains one molecule of water
which was not observed by Nieuwpoort and Reedijk [13]. Initially, we
thought that the M(N,H;),(SO,4), complex would generate H,M(S0O;); as an
intermediate compound [16] transforming to MSO, upon heating. In prac-
tice repeated elemental analysis of the intermediate compounds corroborates
M(N,H4)o.s(HSO,) (804)0.5s (Table 2). The weight loss also corroborates the
derived composition.

Identification of intermediate compounds

The reported absorption bands in Table 3 are attributed to the vibrations
of N,H: and the SO%™ species in the complexes and their intermediate com-
pounds on the basis of the work of Nieuwpoort and Reedijk [13] on hydra-
zinium complexes. The vibrations in the cobalt(II) and manganese(II) com-
plexes are similar to the reported vibrations of the same salts by Nieuwpoort
and Reedijk [13]. The loss of symmetry due to the coordination of SO,
groups to the metal ion structure (1) as evident from the study of Prout et
al. [5,6] should be clearly visualised in the IR spectra of the complexes, but
the very broad band at 1100 ecm™! is possibly due to the overlap of wagging
of (N—H), »(N—N) and v3(SO3") vibrations. The broad band at ~600 cm™
may be due to the (N—H) deformation in NHj3 and v4(SO%"). Another broad
band centred at 3000 cm™ and the absence of extension of this broadness
up to ~2600 em™!, which is exhibited in the complexes, indicate the absence
of the N,H; group in the intermediate compound. The splitting of the broad
band at ~1100 cm™! in the intermediate compound may be due to the pres-
ence of the coordinated SO, groups existing in different ways, which cause a
greater loss of symmetry of the SO; groups in the compound. Similarly, a
rather complex line pattern of at least three lines at ~600 cm ™! in the inter-
mediate compounds may be due to v4(S04) and (N—H) deformation vibra-
tions [13]. A medium intensity band at ~995 cm™' which may be ascribed
to (N—N) stretching [13] in the complex is found to shift to higher energy
by about 85 cm™! for I, and I,. It is shown in the literature [2,17] that
v(N—N) shifts to a higher wavenumber if hydrazine behaves as a bidentate
chelate bridging two metals. On the basis of this, it is presumed that hydra-
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Fig. 3. Structures of M(N;Hs)2(S04)z (1) and M(N,Hy)o.5(HS04)(SO04)0.5 (2).

zine acts as a bidentate chelate bridging two metal ions in the intermediates.
Also, the bands at ~1500 cm™! and ~1820 cm™ in the complex are evi-
dently due to (N—H) bending [13]. These two bands collapse to a single
band at ~1420 cm™!, which is tentatively attributed to the bending mode of
vibrations of two NH, groups which are coordinated and symmetrically the
same. Thus IR spectra support the coordination of the bonding sites as
shown in structure (2) for the intermediate compound in Fig. 3.

The observed diffused reflectance spectrum cf Co(N,H;s),(S0,); is in good
agreement with a basically octahedral geometry around [13] the metal ion,
while 1n the case of Co(N.H,)o s(HSO,)(S04)0 5(I;) the spectrum closely
resembles the pseudo-tetrahedral solid state reflectance spectrum of a com-
plex [18] having the same chromophore.

The magnetic moments of the hydrazinium complexes signify octahedral
geometry, but those of the intermediate compounds appear high and it is dif-
ficult to comment on the high mangetic moment of the pseudo-tetrahedral
complex as evident from reflectance spectra. The high conductance value of
the manganese(Il) compound in water indicates that it exists as a double salt
in water rather than as a complex, which is expected in the case of the
cobalt(II) compound as evident from its 1 : 2 electrolytic behaviour in
water. Intermediate compounds (I; and I,) in water clearly indicate 1 : 2
electrolytes. To satisfy all the physical data available so far, the intermediate
compound is presumed to exist as structure (2) in which one SO, group is
coordinated to four different metal ions, and four bisulphate groups acting
as bidentate chelates are coordinated to four different metal ions and the
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two hydrazine units are bridging two metal ions. Moreover, the aqueous
solution of the intermediate compounds is neutral which indicates that the
bisulphate groups are strongly hydrogen bonded (Fig. 3).

Reaction of the intermediate compound

Since the intermediate compound (I,) exhibits octahedral geometry in
water, as evident from ifs pink colour, its solution spectra and magnetic
moment, it is clear that two water molecules are coordinated to the metal
ion satisfying the octahedral geometry. The IR spectra of hydrated inter-
mediate compounds show a close similarity with the IR spectra of thermally
obtained intermediate compounds and the exhibited differences are due to
the coordinated water molecule.

If the hydrated intermediate of cobalt(Il) is heated, a grey intermediate
product develops. This phenomenon supports the formation of the hydrated
intermediate compound. The existence of this hydrated intermediate com-
pound also supports structure (2) proposed for the dehydrated intermediate
compounds.

MECHANISM

From the foregoing results and discussions, the probable mechanism of
decomposition may be as follows

Mn(N,Hs)2(S04), - H,O - Mn(N,H;),(SO04),
4 M(N;H;)2(SO4)z = 2(N;Hs),SO4t + 2 NHgt
+ 4 M(N,Hzs)o.s(HSO4) (SO4)o.s
4 M(NoHus)o.s(HSOL)(SO4)o.s > 4 MSO4 + 2 NH,t + 2 H, SO,

M = Mn({I)
or Co(II)

The first decomposition step may take place in two ways.

(1) A proton of the hydrazinium ion coordinated to the metal ion bonds
with the oxygen of the SO, group and this accelerates breakage of the M—O
bond. This phenomenon continues while two SO, groups become highly acti-
vated for the collisions between them, and this promotes the liberation of
the SO, group; hydrazine is bridged between two metal ions in parallel.
While liberating the SQ,4 group as H,SO, from the system, the hydrazinium
ion acting as a unidentate ligand cannot exist in the activated state. Conse-
quently, the hydrazinium ion is evolved as hydrazine along with H,SO,.

(2) At the time of decomposition, it may also be expected that the eight
protons attached to the hydrazinium ion become bound to the oxygen of
the SO, groups while the two hydrazines are evolved and four hydrazines form
a compound with two H,SO,; molecules; these two moieties evolve simul-
taneously, as evident from the sharp DTA curve. At the same time, the
remaining two hydrazine molecules are bridged between two metal ions.
Because of the sharp DTA profile it is difficult to infer exactly which path-
way is predominant. However, either of the two ways may facilitate the for-
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mation of structure (2) from structure (1) given in Fig. 3.

The second decomposition step may also take place in two ways.

(1) The hydrazine moiety bridging two metal ions is liberated from the
system. During liberation of the hydrazines the four M—O bonds formed
from four oxygens of a SO, group bound to four metal ions break. Conse-
quently, simultaneous liberation of two molecules of hydrazine and H,SO,
takes place from the intermediate compound.

(2) Alternatively, the M—O bond formed from the centred SO, group first
becomes ruptured, followed by breakage of the M—N bond. As a result,
liberation of hydrazines along with H,SO,4 occurs.

Elimination of the hydrazine moiety from the complex is an exothermic
process, while elimination of sulphuric acid is endothermic. The given
mechanisms imply that exo- and endo-processes are going on in parallel in
both decomposition steps. In the first step, elimination of the hydrazine
moiety (in mole) is exceedingly high in comparison with the elimination of
sulphuric acid (in mole), which accounts for the formation of the sharp DTA
peak; whereas in the second decomposition step, elimination of both hydra-
zine and sulphuric acid is proportionate. As a result, the drift in the DTA
baseline is negligible due to the counter-action of exo- and endo- run in
parallel. Because of the similar nature of the decomposition of the com-
plexes, manganese(II) and cobalt(II) complexes should have very similar
values of activation energy as well as enthalpy change. However, in practice,
wide differences in the values of thermal parameters (AH and E*) of the two
complexes are exhibited (Table 1).
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