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A brief comparative study on the thermal dehydration behavior of the hydrated chlorides of some 3d transition metals (Mn-Cu
series) under dynamic or rising temperature condition has been carried out based on the results obtained from the recent investigations
on this subject. Several interesting features correlating molecular geometry of the hydrated salts with their thermal stability have

been discussed.

Recently, the author has carried out a series of investiga-
tion! on thermal dehydration and decomposition of hy-
drated chlorides of some 34 transition metals (Mn2*, Fe?*,
Co?*, Ni%*, Cu?*) using the dynamic TG and DTA at differ-
ent heating rates. This includes not only the study of the
mass loss behavior at different steps of dehydration and de-
composition, but also the kinetics of these steps with in-
creasing temperature. An attempt has also been made to
estimate the heats of dehydration of the dihydrate salts
from the area under the corresponding DTA peaks. It is
therefore pertinent to compare the results obtained from the
above studies with increasing atomic number from Mn to
Cu and draw some general conclusions, if any.

Results and discussion

At the outset, let us examine the possible geometry or
stereo chemical structures of d'ihydrate, monohydrate and
anhydrous chlorides of all the five metal ions. Though neu-
tral H,0O molecule is a stronger ligand than CI-, the actual
field strength values as determined by spectroscopic
method do not show wide differences>’. Therefore, H,0 is
somewhat intermediate between strong and week ligand
thus providing certain flexibility in the distribution of d
electrons in the t,, and e, orbitals under the octahedral envi-
ronment. Accordingly, dihydrate chlorides of Mn!", Fe!" and
Co"! form high spin or outer orbital complexes leaving the

Table 1. Geometries of the complex ions corresponding to anhydrous and hydrated chlorides of the transition metal ions of Mn-Cu series and their
respective crystal field stabilization energy (cfse) values

Anhydrous salt

Dihydrate salt Monohydrate salt
Metal Possible Type of hybridi- Possible Type of hybridi- Possiblf: Type of .hybridi-
ion complex ion zation complex ion zation complex ion zation
t'p) (geometry) (cfse, kJ/mol) (geometry) (cfse, kJ/mol) (geometry) (cfse, ki/mol)
Mn* [MnCli.(H20)21* 4s 4p’ ad [MnCls.H,01** 454p’ 4d [MnCla]** 4s4p’
() (Octahedral) =) (Octahedral) ) (Tetrahedzral) =)
Fe* [FeCla.(H20)2)>* 45 4p’ ad [FeCls. H01** 4sap’ 4d’ [FeCla]™ ds4p®
) (Octahedral) (62.70) (Octahedral) (62.70) (Tetrahedral) (57.68)
2
Co™* [CoCla.(H:20)2)** 45 4p° 48 [CoCls.H,01** 45 4p’ 4d” [CoCle]™* 45 4p® 44°
) (Octahedral) (90.71) (Octahedral) (88.62) (Octahedral) (86.11)
or (Tetrahedral) 45 4,,3

Ni?* [NiCla(H20)2)** 3d%4s 4p° [NiCla.H20)** 3d4s 4p° [NiClg)* 45 4}
@ (Octahedral) (125.40) (Square-planer) ¢ 23.73) (Tetrahedral) (99.48)
‘ or (Tetrahedral) dsdp
cu®* [CuCla.(H20)2]"* ds4p’ ad’ - - [CuCly?* 4s 4
@) (Distorted (113.70) (Tetrahedral)

(83.60)

octahedral)
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Note

Table 2. Heats of dehydiation and DTA peak tempeiatures of the different steps of dehydration 1 au (at 6°C/min) of MCl, 2H,0
whete, M 1epiesents tiansition metals of Mn-Cu series

Loss of Ist mole of H20 Loss of 2nd mole of H20 Combined loss 1n single step
Metal Heat of DTA peak Heat of DTA peak Heat of DTA peak
chlonde dehydiation temperatule dehydration temperatuie dehydiation temperatute
kJ/mol (°C) kJ/mol “'C) kJ/mol “C)
MnCl» 89 8 1150 816 1730 - -
FeCla 716 1215 870 1710 - -
CoCl2 254 1330 260 1750 - -
380" 650"
38 1° 750"
NiCl, 55 0¢ - 400 - 53 8 185, 240
91 §¢
CuCl2 - - - - 126 8 107
106 0°

“The values 1epicsent heats of dehydiation of the last two moles ot water detetnuned during the stepwise dehydiation of hexahydiate (Ref 9) "Ref 6

‘Ref 10

3d level unaffected, but occupying the two e, orbitals of 4d
level to accommodate the two H,O ligands Since these or-
bitals are at higher energy levels, the two H,O molecules
are lost more easily on heating than if they would have oc-
cupied 3d orbitals.

On the other hand, it is suggested® that NiCl,2H,0
form low spin inner orbital octahedral complex similar to
that of CdCl,.2NH, wherein the two NH, molecules occupy
the two ¢, orbitals of 3d orbital by shifting its two electrons
to 5s level. Relatively higher charge/radius ratio for Ni'
possibly facilitates the bonding of ligands closer to the
metal ion and explains higher temperature required for the

two water molecules. However, CuCl,.2H,0 form outer or-
bital complex with high distortion along the apices of the
octahedraon. As a result, both the H,O molecules are lost
simultaneously at lower temperature (around 100°C).

Table | also gives crystal field stabilization energy
(cfse) values for dihydrate, monohydrate and anhydrous
salts obtained from the plots of lattice energy against
atomic number’. Though these values have been obtained
independent of their geometries, but are in good agreement,
within experimental error, with those calculated from spec-
troscopic and thermodynamic methods. The structures of
the monohydrate salts have been proposed on the basis of

Table 3. Mean activation eneigy (kJ/mol) values determined by 1soconversion method for the dehydration of MCla 2H20 (where, M = Mn-Cu series)

Nature of Mn Fe'!
dehydration Step

Co Ni Cu

Dehydiation 1n static air

Loss ot Ist 234 4
mole of H20
Loss of 2nd

mole of H20

1473
121 4 912

Loss of total = -
H20 1n single step

903 - _

650 - -

- 7313 712

Dehydiation in flowing nitiogen atmosphere

Loss ot Ist 76 1
mole of H20
o1 1ts fraction
Loss ot 2nd
mole of H20
or its fraction
Loss of total H20 - -
m single step
“Ref 10

652

837 100 4

1256 1013 -

1013

66 S
69 5
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nearly similar thermal stability and cfse values of their di-
hydrate predecessors. Penta coordinated square pyramid or
trigonal bipyramid structure has been rejected as these re-
quire higher cfse values. In the case of NiCl,.2H,0 square
planer geometry appears to be more appropriate as cfse
value for tetrahedral configuration is very low (30 kJ/mol)
compared to 124 kJ/mol for the former configuration.

For anhydrous chlorides, the concerned metal ions are
reported to take, in general, tetrahedral configuration de-
spite higher cfse values. For CoCl, both octahedral®’ and
tetrahedral® configurations have been suggested because of
-the small stability difference between geometries.

Table 2 shows the summarized data on DTA peak tem-
perature and the heats of dehydration of the hydrated
chlorides of the metal of Mn-Cu series. It can be noted from
the table that while the temperature for the loss of first mole
of H,0 increases from MnCl, to CoCl,, the temperature for
the loss of second mole of H,O dose not show much varia-
tion among the three metal chlorides. For NiCl,.2H,0 the
combined endothermic peaks at 185°C and 240°C are be-
lieved to represent the loss of two moles of H,O suggesting
that dehydration of NiCl,.2H,0 takes place at highest tem-
peratures among all the five dihydrate salts. In contrast to
NiCl,.2H,0 the lower temperature required for the dehy-
dration of CuCl,.2H,0 is due to strong asymmetric distor-
tion of the octahedral complex as stated earlier. Similarly,
in the case of anhydrous CuCl, the CI™ at the apex of the tet-
rahedron has much longer distance than the other three CI".
Therefore, unlike other anhydrous salts CuCl, shows step-
wise dechlorination reaction with increase in temperature’.

It may be noted from Table 2 that there is no direct rela-
tionship between DTA peak temperature and the heat of de-
hydration which involves not only the heat required to
break the coordination bond with metal ion, but also the ac-
companying structural changes in the process. Relatively
higher values of heats of dehydration of MnCl,, FeCl, and
CuCl, dihydrates compared to the dihydrates of CoCl, and
NiCl, are due to the fact that the former salts are dehydrated

- without any preheating, whereas the dihydrates of nickel
and cobalt chlorides were prepared by partially dehydrating
the normal hexahydrate salts by slow heating in an air oven.

1002

During this process the products undergo necessary struc-
tural changes. This is evident from the AH ., 4 values given
for the dehydration of the last two moles of H,O determined
from step-wise dehydration of the hexahydrate salts’. The
combined value of 95 kJ/mol is close to 91.5 kJ/mol ob-
tained by Mohamed and Halawy'® using the DSC method
for the loss of two moles of water in a single step.

Table 3 shows the mean E values obtained by the
isoconversion method at different oo levels, the range of
which is given elsewhere'. It may be noted that in static air
the E values tend to decrease from Mn to Cu, whereas in
flowing N, atmosphere the E values tend to increase from
Mn to Ni with the exception of Cu. The latter values appear
to be more appropriate, since in N, atmosphere the build-up
of H,O vapour pressure in the vicinity of the sample is pre-
vented. The increasing trend is in tune with the increase in
DTA peak temperature and also the difference in cfse value
between dihydrate and anhydrous salt which is highest for
Ni (¢f. Table 1). However, Cu'"! (¢°) behaves differently be-
cause of large Jahn-Teller distortion.
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