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THERMAL ANALYSIS OF SOME COMPLEXES
LH|Cr(NCS),L,]. xH,O (L=NH, OR ORGANIC BASE)
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Data obtained by thermal analysis of K;[Cr{NCS)¢].4H,0O and some derivatives,
LH[C{NCS),L,].xH,0, where L =NH; or an organic base, are reported. The TG, DTG and
DTA curves show common behaviour (SCN™ ligand decomposition) as well as specific
behaviour for each complex due to the base L, which complicates the thermal decomposition of
the complexes. Some weak bases with low boiling points are easily eliminated, which determines
the common thermal behaviour of the complexes.

A general mechanism of thermal decomposition is advanced involving dehydration and
decomposition processes for both LH* and [Cr(NCS),L,] . The apparent activation energies of
different processes confirm the thermal decomposition mechanisms of the complexes under
study.

Complexes derived from the Reinecke salt, LH[Cr(NCS),L,].xH,0, where
L denotes an organic base, constitute a class of compounds showing both common
properties and specific properties conferred by the base structure and nucleophilic
character.

Correlations like that between the structure and properties can be demonstrated
for complexes of Reinecke type by means of thermogravimetry and
spectrophotometry concerning the substitution processes.

In the present paper, the results obtained by thermal analysis of some complexes
LH[CnNCS),L,].xH,0, where L=ammonia, pyridine, 4-methylpyridine, 2-
methylquinoline and 2,2’-dipyridyl, are reported.

Experimental

The complexes LH[Cr(NCS),L,].xH,O were synthesized by the literature
method [1] with the optimum reactant ratio for each product [2].

The quantitative analysis data are in good agreement with the chemical formulae
of the complexes under study.
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Fig. 1 TG, DTG and DTA curves of complexes
1( )and 2 (——-)

The thermal behaviour in the nonisothermal regime was followed by means of a
MOM (Budapest) derivatograph of Paulik—Paulik—Erdey type under the following

conditions: sample amount—50 mg; heating rate—9 or 12 deg/min, maximum
temperature—600° or 900°; ambient atmosphere.
Results and discussion
The thermal curves show that the decompositions of the complexes
stages.

LH[Cr(NCS),L,}.xH,0 proceed in several steps, with both common and specific

The estimation of weight losses and the natures of the decomposition products

and residues confirmed the chemical compositions of the complexes and afforded
J. Thermal Anal. 30, 1985
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some considerations-on the thermal decomposition mechanisms. In some cases the
thermal processes in the coordination sphere of the complex, as well as the
behaviour of the cation LH* and the crystallization water, were made evident.

The thermal behaviour of these complexes was analysed starting from the initial
synthesis compound, K;[Cr(NCS)¢].4H,O and the Reinecke salt,
NH,4[Cr(NCS),(NH;),]. H,0. The literature data on the thermal behaviour of the
ligand SCN ™ in complexes [3-7], the cation NH; and the ligand NH, [8, 9] were
also taken into account.

The TG, DTG and DTA curves for complexes 1 and 2 indicate common
behaviour, associated with the thermal decomposition of the ligand SCN ™ into
(CN), and S. These products are eliminated within the ranges 235-375° and
380-630° respectively, along with thermooxidative processes with specific
exothermic effects in the DTA curves.

Up to SCN™ decomposition, complex 1 undergoes dehydration, while complex 2
eliminates NH from NH . Complex 1 leaves a KSCN—CrS residue between 470
and 610°, while a CrS residue remains from complex 2 at about 630°. At higher
temperatures CrS transforms into Cr,0,.

The TG, DTG and DTA curves for complexes 26 in Fig. 2 show both common
and specific processes for each complex in the series.

The common thermal processes are associated with SCN ~ decomposition and
elimination of the products by thermooxidative processes. Among these products
the sulphur is eliminated constantly between 410 and 520° or higher, while (CN), is
eliminated before S by thermooxidative processes influenced by the organic base L.

The thermal processes specific for each complex are due to the ligand L. It is often
eliminated stepwise, either as a free base or as decomposition products over a wide
temperature range. Its influence on the common thermal processes depends on its
structure and basic character (involving the metal-ligand bond strength, electronic
effects, etc.), boiling point, reactivity and stability against heat.

In this connection it is evident that the weak organic bases with low boiling points
are climinated easily, therefore having little influence on the common thermal
behaviour of the complexes LH[Cr(NCS),L,] . xH,O. Thus, complex 3, containing
a weak base L, (b.p.=115.5°), eliminates it completely within the range 100-340°,
thereafter showing thermal behaviour similar to that of SCN~. Instead, the
complexes 4, 5 and 6 eliminate the organic base (1.63 L,,2 L5, 1 L,) only partially till
ligand decomposition, whose thermal processes are evidenced with difficulty. Only
the thermooxidative elimination of S appears regularly within the range 410-520°

or higher. The residue formed on the decomposition of these compounds at about
650° is CrS.

J. Thermal Anal. 30, 1985
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Fig. 2 TG, DTG and DTA curves of complexes
2, 3 (=), 4 (=), S(-———)and 6 (-

The thermal decompositions of the complexes under study take place according
to mechanisms involving dehydration and decomposition processes of both LH*
and [Cr(NCS),L,] ", with a disturbing influence of the organic base L.

The apparent activation energies of some processes in the general thermal
decomposition mechanism were estimated by the Freeman—Carroll [10] method
(Table 2).

Thus, the dehydration processes take place with characteristic low energies of
activation (40-80 kJ/mol).

The decomposition process with ligand L elimination involves activation
energies within a wide range of values as a consequence of differences in both the

J. Thermal Anal. 30, 1985
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Table 2 Activation energies of decomposition processes
Temperature
Complex Process N E,, kJ/mol
range, °C

1 K;[Cr(NCS)¢].4H,0 I 40-105 51.7
1 105-170 —

11 250-375 72.7

v 380465 199.9
2 NH,[Cr(NCS), (NH,),].H,0 I 40-150 —
i 190-235 —

111 235-335 89.3

v 335-415 2020

v 415-610 198.9

3 L,H[Cr(NCS),(L,),] I 100-280 918

L, = pyridine I 280-340 191.5
i1 340-410 —

v 410-660 287.2

4 L,H[Cr(NCS),(L,);] I 180-285 100.5

L, = 4 methylpyridine n 285-335 765.9
m 335-430 —

v 430-515 199.1

5 L;H[Cr(NCS),(L;);].2H,0 1 50-170 272

L3 = 2 methylquinoline 11 180-350 106.6
m 350-400 —

v 400-550 218.8
v 550-660 —
6 LH[Cr(NCS),L,].H,0 1 50-120 —
L, = 2,2'dipyridyl I 120-280 —

m 295-370 131.6

v 370440 2393

A 440-520 2872

VI 520-610 287.2

metal-ligand bond strengths and the mechanisms of base elimination from the

complexes under study (Fig. 3).

The elimination of sulphur released from the coordination sphere along with the
SCN ~ decomposition proceeds with similar energies of activation for the complexes
under study, due to its state of non-combined sulphur (Fig. 4) with the exception of

complexes 3, 5 and 6 for which the stages do not separate quite well.

J. Thermal Anal. 30, 1985
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Fig 3 Freeman—Carroll diagrams for the first process of ligand elimination from complexes 3( x ), 4 (®),
5(0) and 6 (O)
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Fig. 4 Freeman—Carroll diagrams for the process of sulphur elimination from complexes 1 (®), 2(O),
3(x),4(0), 5(0) and 6(W)
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The complexes LH{Cr(NCS),L,].xH,0 exhibit both common and specific
thermal decomposition processes. The general mechanism of thermal
decomposition involves dehydration and decomposition of LH* and
[Cr(NCS),L,]", with different disturbing influences by the organic base L.
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Zusammenfassung — Die thermische Analyse von K;[Cr(NCS),].4H,0 und einigen Derivaten der
allgemeinen Formel LH[Cr{NCS),L,].xH,O (L =NH; oder eine organische Base) betreffende Daten
werden angegeben. Die \TG-, DTG- und DTA-Kurven zeigen sowohl gemeinsame Charakteristika
(Zersetzung des Liganden SCN ™) als auch fiir jeden Komplex spezifische, durch die Base L bedingte
Ziige, die die thermische Zersetzung der Komplexe komplizieren. Einige schwache Basen mit niedrigen
Siedepunkten werden leicht eliminiert, was ein gleiches thermisches Verhalten dieser Komplexe zur
Folge hat. Ein allgemeiner Mechanismus der thermischen Zersetzung wird angegeben, der die
Dehydratisierung und die Zersetzungsprozesse sowohl fiir LH* als auch fir [CNCS),L,]~ in sich
einschlieBt. Die scheinbaren Aktivierungsenergien der verschiedenen Prozesse sind mit dem Mechanis-
mus der thermischen Zersetzung der Untersuchten Komplexe im Einklang.

Pessome — [lposenen Tepmuueckuii ananms coennnenus K;[CHNCS);].4H,O u HeKoTOphIX ero
npoussoansix THita LH[CHANCS),L,]. xH,0, rae L = NH, niid kakoe-n1u60 0OpraHM4eckoe OCHOBAHHE.
TI, ATT « JATA-kpHBbic NOKa3asH Kak obiuee, TaK M CEIHHYECKOE IOBEACHHE KAXKI0TO KOMILIeKca,
00yCIIOB/ICHHOE XAPAKTEPOM JIMIAHA M YCJOXHAIOUETO TEPMHUYECKOS PA3JIOKEHHE KOMILIEKCOB.
HekoTopbie ¢1a600CHOBHBIE JHIaHABI C HHM3KOH TOYKOH KMICHHMA JErkO BBUACIAIOTCH, YTO M
onpeesiAeT o6Liee TEPMUYECKOE NOBE/IEHHE KOMILIEKCOB. BRLIBHHYT O61IMI MEXaHHIM TEPMUUECKOTO
PalIOXCHHA, BKJIOYAA MPOUECC ACTHAPATAlUMKH H pasinoxenns oboux LH' u [Cr(NCS),L,] .

Kaxcyumecx JHCPTHH AKTHBAUHH Pa3iIM4HBIX TPOLECCOB MOATBEPXKIAOT MEXAHH3M TEPMHYECKOTO
PA3IOXKCHHA UCCIICAOBAHHBIX KOMILIEKCOB.
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