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The synthesis, magnetic and electronic spectral studies of tetrahedral
tetrahalometallates have drawn much attention since 1958 [1]. A lot of
studies have been made with tetraalkyltetrahalometallates due to their tem-
perature-dependent spectral, magnetic, thermal, etc., properties [2]. Tetra-
methylammoniumtetrahalometallates undergo high-temperature normal
phase transition to the incommensurate phase on cooling. The incom-
mensurate phase undergoes a transition to the commensurate phase on
further cooling [2]. Low-temperature phase transitions of tetracthylammoni-
umtetrachlorometallates of first-row transition metals are known [3], but the
phase transitions of the corresponding tetrabromo compounds and above-
ambient temperature phase transitions of [NEt,],MX, are not yet reported.
The present paper reports the phase transitions of [NEt,],MnX, (X =Cl or
Br) starting from 233 K to their corresponding decomposition temperatures.
It also includes their thermal decompositions.

EXPERIMENTAL

All the chemicals used were AR grade purity. The compounds
[Et,N],MnX, (X = Cl or Br) were prepared following the method reported
earlier [4]. Phase transitions were investigated with a Perkin-Elmer DSC-2
differential scanning calorimeter. Dry nitrogen gas was used as purge gas.
The instrument was calibrated using the melting point of ice (273.15 K), the
phase transition temperature of cyclohexane (279 K) and the melting point
of indium (429.7 K). The enthalpy of melting of indium was used for the
calculation of enthalpy changes associated with the phase transitions. The
thermal decomposition was carried out in a Shimadzu DT-30 thermal
analyzer in a nitrogen atmosphere. X-band EPR spectra of the samples were
recorded in a Varian E-109C EPR spectrometer at room temperature and at
liquid nitrogen temperature.
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RESULTS AND DISCUSSIONS

No noticeable phase transformation of [Et,N],MnCl, is observed in the
temperature range 233-300 K. The literature shows that the compound
undergoes two phase transitions at 224 (normal — incommensurate) and 218
K (incommensurate — commensurate). The occurrence of the transitions is
explained due to orientational disordering of both the tetrahedral cation and
anion [3]. Above ambient temperature, [NEt,],MnCl, shows two overlap-
ping endotherms without any mass loss and reverts to the original species
showing two distinctly separate exotherms in the cooling curve (Table 1, Fig.
1). It is interesting to note that recycling of the said transition shows only
one endothermic peak at 499 K in the temperature range 491.5-503.6 K, but
the cooling behavior remains unchanged. Above the ambient temperature,
the compound [NEt,],MnCl, possesses two crystalline modifications.

[NEt,],MnBr, shows a structural phase transition in the temperature
range 269.8-281 K and reverts to the original structure during cooling (Fig.
2, Table 1). Unlike [NEt,],MnCl, this compound shows only one reversible
phase transition (434.2-444.3 K) in the high-temperature region (Fig. 2,
Table 1).

It is an established fact that the low-temperature phase transitions are due
to orientations of both the T} cations and anions [2,3]. We have recorded the
EPR spectra of [NEt,],MnCl, (1% by weight) doped in [NEt,],ZnCi, at
room temperature and at liquid nitrogen temperature (Fig. 3). In the room
temperature phase, the spectrum shows six lines (g = 2) corresponding to
>Mn hyperfine structure. However, splitting of each line is observed in its
low-temperature (77 K) spectrum. This type of splitting may be due to the

TABLE 1
Phase transitions of [NEt,],MnX, (X = Cl or Br) complexes
Compound Transition (heating) Transition (cooling)
Temp. Peak AH Temp. Peak AH
range temp.  (kJmol™!) range temp. (kJmol 1)
(K) X (K) X
[NEt4],MnCl, - 218 4.69 - - -
- 2242 3.26 - - -
487.5-505.5° 492.4sh 2.55 491.2-472.0 4849 046
496.3 46.4-4456 4527 221
[NEt,],MnBr, 269.8-281.0 273.5 4.87 264.8-254.5 2615 4.86
434.2-4443  439.8 12.10 400.0-381.8  392.0 12.20

2 From ref. 3.
® Recycling of this transition shows only one endothermic peak in the heating curve
(491.5-503.6 K) but its corresponding cooling curve remains the same (Fig. 1).
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Fig. 1. DSC curves of [NEt,},MnCl ;. Sample mass 5.18 mg. (1) First heating; (2) cooling; (3)
second heating; (4) cooling.

effect of finite orientations of the MnCl, tetrahedra surrounding the alkyl
groups in its commensurate phase [2]. Although the super-hyperfine struc-
ture of the low-temperature phase observed in the EPR spectra due to Cl
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Fig. 2. DSC curves of [NEt,],MnBr,. Sample mass, 8.65 mg (
(1) Heating; (2) cooling; (3) heating; (4) cooling.

); and 7.13 mg (- ~ ).
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Fig. 3. EPR spectra of [NEt,],MnCl, (1% by weight) doped in [NEt,],ZnCl, at room
temperature ( ); and liquid nitrogen temperature (77 K) (- - -).

could not be ignored, the tetragonal distortion of MX, tetrahedra observed
in its low-temperature crystal absorption spectra [5] suggests that the hyper-
fine structure (observed in low-temperature EPR spectra) is probably due to
disorder of the MnCl, tetrahedra.

No data are reported on the high-temperature phase transitions of
[NEt,],MX, type compounds. Without any structural or spectral data of
both the room temperature and high-temperature forms of [NEt,],MnX,, it
is very difficult to come to any conclusions about this type of phase
transition. Some work has been reported on the high-temperature phase
transitions of Li,[MnBr,][6] and [CH;NH;},MnCl, [7]. These phase transi-

TABLE 2
Thermal decomposition of [NEt,],MnX, (X = Cl or Br) complexes
Decomposition reactions Temp. range (K) Peak temp. (K)

Endo Exo
[NEt,],MnCl, — [NEt,]MnCl 541-603 588 -
[NEt,MnCl; » MnCl, 603-707 - 611, 635, 651

667 sh, 676

[NEt,],MnBr, — [NEt,],MnBr, - 528*° -
[NEt,],MnBr, — [NEt,]MnBr, 533-598 578, 588 -
[NEt,]MnBr; - MnBr, 598-688 - 628, 663

? Peak due to melting.
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tions are due to the transformation of tetragonal (room temperature) — cubic
(high temperature) (in the case of Li,{MnBr,]) and orthorhombic (room
temperature) —  tetragonal (high temperature) (in the case of
[CH,;NH,],MnCl,) structures, respectively. The high-temperature phase
transitions of [NEt,],MnX, may be due to this type of structural transfor-
mation.

Thermal decomposition of tetraalkyltetraammoniumtetrahalometallates
are scanty. Results about the thermal decomposition of both complexes are
given in Table 2. It is observed that both compounds decompose through
[NEt,]MnX; to their corresponding metal halides. Although we could not
isolate and characterize the trihalo compounds by the temperature arrest
technique, their formation is not unlikely as these type of compounds are
well known and can be prepared from solution [8]. It is noticed that the first
step of decomposition is endothermic in character whereas the second step
follows an exothermic decomposition.
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