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Abstract

To understand the structural and thermal properties of the mixed crystals, thermogravimetric (TG)
and differential thermal analysis (DTA), and FTIR and Raman spectral studies were carried out for
the mixed crystals of Zn,/Mg, ammonium sulfate of composition namely ‘a’ (fraction by mass of
salt ZH[NH4]2[SO4]26H20 to the total salt (bOth ZH[NH4]2[SO4]2‘6H20, Mg[NH4]2[SO4]26H20 or it
can be explained as Zn,Mgy[NHy4][SO,4],-6H,0, a + b=1), and a = 0.1, 0.25, 0.333, 0.5, 0.666, 0.75
and 0.9 grown by a solution technique. From the correlation and analysis of the results obtained for
the various crystals, the desolvation, decomposition, crystalline transition phenomena were identi-
fied. By close comparison of the endotherms, obtained for the various crystals, it was found that
isomorphous substitution takes place in the crystals. Up to 0.5, Zn>" ion replaces isomorphous Mg**
ions in the lattice sites of Mg[NH4],[SO4],-6H,0 and above 0.5, Mg2+ ions occupies the Zn>" ion in
the lattice sites of Zn[NH4],[SO4],-6H,0. Both crystals belong to monoclinic system with P 2(1)/a
symmetry. The vibrations of NH," ion, SO, ion, the complex [Mg(OH,)s]*" the complex
[Zn(OH,)s]*" and the three different water molecules are identified. The linear distortion of SO?" ion
is found to be greater than its angular distortion, while the NH; ion has suffered more angular distor-
tion. The possibility of free rotation of the NHj ion is ruled out.
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Introduction

Thermogravimetric (TG) and differential thermal analysis (DTA) as well as FTIR
and Raman spectral analysis have been applied to investigate the physical and chemi-
cal properties such as structure, crystalline transition, second order transition, fusion,
vaporization, sublimation, absorption, adsorption, desorption, decomposition, oxida-
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tion, degradation and solid-state reactions of the studied compounds. The cubic min-
eral longbeinite, K;Mg,(SO,); and its isomorphous A™' B> (SO,); where 4™ = K,
Rb, Cs, Ti, NH, and B*' = Mg, Ca, Zn, Cd, Mn, Fe, Co and Ni. In the above series of
compounds, the ferroelectricity was observed only for (NH4),Cd(SO4), [1-5].

The reveal of the relationship between the structure and thermal behaviour of
metal complexes, the study of the influence of metal and ligand nature upon the pro-
cess of thermal decomposition is of the interests [6—13]. It is not surprising therefore,
that many authors have investigated the nature of metal and ligand bonds by exami-
nation of their thermal and spectral properties [14-20]. In our previous papers, we
described the thermoanalytical properties of Mg(Il), Cu(II), Ni(IT), Co(II) and Fe(III)
complexes with pyridine and its derivatives [21-33]. Little information is known
about the Zn/Mg ammonium sulfate, mixed crystals. Therefore, this paper describes
the preparation and structural deformation arising due to the formation of mixed
crystals of Zn/Mg ammonium sulfate in varying proportions based on their
thermoanalytical (TG and DTA) and spectral (FTIR and Raman) properties.

Experimental

Synthesis of the compounds

The double salts Zn[NHy4],[SO4],6H,0 and Mg[NH4],[SO4],-6H,O were synthe-
sized and their purities were checked by standard methods of analysis. As the growth
process is slow, the atoms or the constituent particles take definite position during
growth. The mixed crystals of ‘a’ (fraction by mass of salt Zn[NHy4],[SO4],-6H,0 to
the total salt (bOth ZH[NH4]2[SO4]26H20 and Mg[NH4]2[SO4]26HQO) values 01,
0.25, 0.333, 0.5, 0.666, 0.75 and 0.9 were grown by slow evaporation through ‘solu-
tion’ technique by mixing suitable amounts of zinc ammonium sulfate and magne-
sium ammonium sulfate for the desired ‘a’ values. The concentrations used for the
crystal growth were 2.0-3.0-107> M.

Measurements

Thermal analysis was carried out using a Stanton Red Craft STA 1500. Simultaneous
thermal analysis series were designed to give TG and DTA data simultaneously. The
Simultaneous Unit eliminates the problem of correlating TG and DTA data for the
same materials and is more superior to the individual technique.

The FTIR spectrum has been recorded on a Perkin Elmer 283 Spectro-
photometer using KBr pellet technique.

Results and discussion

Thermal analysis

The TG and DTA curves of the compounds 1-9 are presented in Figs 1-9.
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For all the compounds, the analysis of thermograms reveal that the loss of mass
in the temperature range of 133—150°C correspond to the elimination of water of
hydration equivalent to 6H,O molecules. A plateau in TG curves and endothermic
peaks in DTA at the temperature 384°C may be due to the phase transition up to ‘a’
value 0.25. The inflection occurring between 432-469°C with a mass loss of 24%
corresponds to the evolution of SO,+1/20, [34, 35].

Above the temperature 469°C, the compound MgO-(NH,4),SO, is formed. In the
case of (NHy)(S0O4),-6H,0, additional inflection occurs in the loss of ammonia mol-
ecules which is different from that of Mg salt. The slight variation in the percentage
may be attributed to the isomorpous substitution.

In the temperature range 133—-150°C, 3 inflections correspond to the following
reactions:

ZnaMgb(NH4)2(SO4)2'6HZO —> ZnaMgb(NH4)2(SO4)2‘4HzO
ZnaMgb(NH4)2(SO4)2-4H20 e d ZnaMgb(NH4)2(SO4)2-H20
ZnaMgb(NH4)2(SO4)2‘H20 —> ZnaMgb(NH4)2(SO4)2

In the temperature range 384—-395°C crystalline transition may take place due to
the internal structural change.
At 478°C following decomposition reaction took place.

Zl’laMgb(NH4)2(SO4)2 —> Zl’laMgbO'(NH4)st4 + SOZ + 1/202 [34, 35]

By comparison of the TG and DTA curves for the mixed crystals with that of the
pure samples, it was understood that similar nature of curve occurs up to a = 0.5 and
the decrease in inflection shows that isomorphism substitution of zinc ion takes place
in the Mg(NHy4),(S0,),-6H,0 crystals. Above a = 0.5, the curve may be compared
with that of Zn(NH4),(SO,),'6H,0 and this gives an idea that, Mg ion occupies the
lattice sites of Zn ion.

FTIR spectral analysis

Internal modes of NH; and SO; ions

The normal modes of vibration of a free NH,, ion under perfect 7y symmetry have fre-
quencies of 3033, 1685, 3134 and 1397 cm™ for Y1(A}), 72(E), v3(F2) and v 4(F»)
modes, respectively. Of these v, and y, are active only in Raman while y; and vy, are
active both in Raman and FTIR. In the crystal, since the NH; ion occupy sites of
lower symmetry than that of the free ion, anisotropic crystal fields may remove de-
generacy of normal modes and allow inactive modes to become active. The y; mode
appears around 3015 cm™' in most of the polarizations. However, its appearance as
doublet in a.,,, ay, and o, settings suggests the effect of correlation field splitting.
The y,(E) mode has appeared as a doublet (which means frequencies 1714 and 1685
cm ') in all polarizations. The presence of this FTIR inactive mode as a broad brand
in FTIR is probably due to strain induced by the crystal fields. The splitting of y, in
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Raman and y, in both Raman and FTIR spectra suggests that the angular distortion of
the NH, ion is greater than the linear distortion.

In hydrogen bonded inorganic systems the observation of combinations of bend-
ing modes (y,, Y4) with the internal rotation mode v, indicates that the ion is not rotating
freely in the crystalline lattice. For a free tetrahedral SO4> ion, the y, v», v3 and 4,
modes are expected to have frequencies at 981, 451, 1104 and 613 cm ', respectively.
The splitting of this non-degenerate mode into a doublet (956 and 985 cm ') is indica-
tive of strong interaction between vibrating sulfate ions, a weak bond observed at 980
cm ' in FTIR is assigned to this mode. The removal of degeneracy of the stretching
mode with appreciable shift from the free ion values indicates that the linear distortion
is greater than the angular distortion. This finds support from crystal structure data.

Vibrations of [Mg(OH2)6]2+

The assignments of bands to the vibrations of the complex has been done based on
the fact that the stretching modes will appear at higher frequencies. In FTIR, this
mode is also detected at 400 cm™' the splitting of the 72(E,) mode into a doublet is due
to slight symmetry effect. Complete removal of degeneracy of the ys(+2,) mode re-
sults in the appearance of a triplet in the region (164 to 2003) cm™'. This indicates dis-
tortion of the complex octahedron due to lack of symmetry of neighbours to which
water molecules are hydrogen bonded.

Vibrations of [Zn(OH,)s]*"

The complex unit [M(OH,)s]”" possesses the centre of symmetry. The appearance of
FTIR inactive modes y;(A ) and y,(E,) and the lifting of degeneracy of y,(E,) and
73(+2,) modes indicates that the complex is distorted considerably. The mode is de-
tected in the ranges 358-338 cm ' and 233-135 cm ™' are due to the mixed crystals of
[Zn/Mg(OH,)s]*". The lattice modes are represented in the region 100-55 cm™.

Internal modes of water

The Unit cell contains four sets of three crystallographically non-equivalent water
molecules. As the O-H...O distance determines the strength of hydrogen bonding,
the water molecules H,O(II) and H,O(IIl) corresponding to mean bond lengths
0.2818, 0.2745 and 0.2738 nm respectively are expected to have different character-
istic vibration frequencies. The shift in O-H stretching and bending frequencies are
indicative of the strength of hydrogen bonding. In most of the settings, separate
bonds for the stretching and bending vibrations of the three different water molecules
have been observed.

Librational modes of water

The librational modes of water which fall in the range (500-900) cm " are expected to
be weak due to the low polarizabilities. In inorganic salts hydrates having linear hydro-
gen bonds, the rocking mode will appear at higher frequencies than the wagging modes.
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The bands have been assigned in the order (y,> v > ) (subscripts 7, w and ¢ refer to the
rocking, wagging and twisting modes of water). They are detected as broad bands only in
FTIR spectra. The shift in bands and intensity variations are due to the variations in
strength of the different bonds.

External modes

The external modes of NH] ions will fall at higher frequencies than that of the SO}
ions. The bands observed at 327 and 130 cm ' have been assigned to the librational
and translational modes of NH] ion, respectively while the bands observed at 93 cm’
and at 77, 64 and 57 cm ' have been assigned to the librational and translational
modes of the SO ion respectively. The Torsional mode of NH] ion is observed at
366 cm ' as expected.

The spectral data from FTIR reveals that there is shift in the frequencies in the
mixed crystals of ‘a’ (0.75, 0.5, 0.25) values.

Conclusions

Thermal (TG and DTA) and spectral (FTIR and Raman) studies were carried out for
the pure and mixed crystals of composition namely a = 0.1, 0.25, 0.333, 0.5, 0.666,
0.75 and 0.9 grown by solution technique. From the correlation and analysis of the
results obtained for the various crystals, the desolvation, decomposition and crystal-
line transition phenomena were observed. By close comparison of the peaks obtained
for the various crystals, it was found that isomorphous substitution takes place in the
crystals. The incorporation of Zn salt replaces Mg ion in the lattice sites up to a = 0.5
and above 0.5, Mg ion occupies the lattice sites of Zn ions. All compounds 1-9 are
hydrated and showed reasonable stability in air. The thermal decomposition of the
compounds 1-9 is multistage processes and was initiated by elimination of water.
Thermal stability was studied by TG and DTA analysis. The stoichiometry of thermal
decomposition can also be influenced by the changes of experimental conditions and
origin and preparation history [12, 13]. For the mixed crystals of Zn,Mg,
(NH4)2(S504),-6H,0 up to a = 0.25, the studies have been carried out at the tempera-
ture 384°C for its non-linear optical properties.

The normal modes of vibration of a free NH, ion under perfect To. symmetry
have frequencies of 3033, 1685, 3134 and 1397 cm™' for v,(A,), 72(E), v3(F,) and
v4(F») modes, respectively. The unit cell contains four sets of three crystallographi-
cally non-equivalent water molecules in all crystals. As the O-H...O distance deter-
mines the strength of hydrogen bonding, the water molecules H,O(I), H,O(II) and
H,O(I1I) corresponding to mean bond lengths 0.2818, 0.2745 and 0.2738 nm respec-
tively are expected to have different characteristic vibration frequencies. The
librational modes of water which fall in the range (500-900) cm ™' are expected to be
weak due to the low polarizability. In inorganic salts hydrates having linear hydrogen
bonds, the rocking mode will appear at higher frequencies than the wagging modes.
The bands have been assigned in the order (y, > v; > Yyw). The shift in bands and inten-
sity variations are due to the variations in strength of the different bonds. The linear
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distortion of the SO ion is greater than its angular distortion. NH] ion is not rotating
freely and it has suffered more angular than linear distortion.
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