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The influence of different modes of preparation on the stoichiometry of thermal 
decomposition of isotbiocyanatonickel(II) complexes with ammonia was studied. It was 
found that the complex Ni(NCS)~(NHa)4 (I) prepared by heterogeneous reaction 
undergoes decomposition in two steps (--2 NH~, --2 NHs), while for complex II, 
of the same composition but prepared by homogeneous reaction from solution, 
the decomposition proceeds in three steps (--1 NH3, --1 NHa, --2 NH3). Electronic 
and infrared absorption spectra were used for the study of the spectral properties of 
the starting complex. It was found that the different stoichiometries of thermal decom- 
positions of complexes I and II do not cause differences in the bonding strength of 
the ammonia molecules (chemical factor); this effect is rather brought about by 
physical factors such as different imperfections of the crystal lattice. 

In investigating the relationship between the reactivity and the structure of  
coordination compounds in the solid state, we earlier studied the influence o f  
certain chemical factors (the shape of the coordination polyhedron, the presence 
of  volatile ligands in the primary or secondary coordination sphere) and physical 
factors (particle size) on the stoichiometry of thermal decomposition of solid 
nickel(II) complexes [ 1 - 3 ] .  We directed our attention above all to isomeric 
compounds, which are especially suitable for this study [4]. 

For Ni(lI)  the formation of configuration isomers differing in the shape o f  
their coordination polyhedra appears to be characteristic [5-8], though for this 
central atom the classical types of  isomerism are also known [9, 10]. 

In the present work we studied the effects of different modes of preparation o f  
solid coordination compounds of the same composition on the stoichiometry o f  
their thermal decomposition. As starting compounds isothiocyanatonickel(II) 
complexes with ammonia  were used, for which some X-ray structural data are 
known [11, 12]. The processes applied were those proved satisfactory in the prep- 
aration of isomers [ 7 -  9]. 

Thus, this work also represents a contribution to the study of the isomerism 
of  nickel(II) complexes in the solid state. 
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Experimental 
Chemicals and analytical methods 

NiCI 2 �9 6H20 (anal. grade), KNCS (anal. grade) and NHz (anal. grade) 
(Lachema) were used. Ni(NCS)2 was prepared by thermal decomposition of 
Ni(NCS)~py4. 

Nickel contents were determined complexometrically which was made according 
to the methods in paper [13]. 

Preparation of the compounds 

Ni(NCS)2(NH3)~ (I): A thin layer of Ni(NCS)2py4 was treated with gaseous 
ammonia from a cylinder, or the solid complex was placed into an exsiccator near 
a bowl containing an aqueous solution of ammonia, to constant weight. The com- 
position of the compound formed corresponded to ,~Ni(NCS)2(NH3)5.5. This 
product lost about 1.5 mole ammonia and changed at room temperature to the 
complex Ni(NCS)2(NHz)~ (I). The increase and loss of weight were followed by 
weighing. The same result was obtained when Ni(NCS)2 was used as starting 
compound. 

Ni(NCS)2(NH3)4 (II); NiCI~. 6H~O (0.04 mole) was dissolved in ethanol 
(80 ml) under stirring. After dissolution, solid ground KNCS (0.08 mole) was 
added. The separated KC1 was filtered offand a 25 % aqueous solution of ammonia 
(12 ml) was added to the pure solution of Ni(NCS)2. After about two days dark 
blue crystals separated, which were washed with ethanol and air-dried. 

Analysis 

Calculated for Ni(NCS)2(NH3)4:24.16 % Ni; 28.00 ~ NH3; 
Found for complex I: 23.80% Ni; 27.88% NHa; 
Found for complex II: 23.80Yo Ni; 27.87% NH3. 

Apparatus 

The thermal decomposition was studied by means of a Derivatograph (MOM 
Budapest). The apparatus and its operation are explained in paper [14]. Platinum 
crucibles with an upper diameter of 14 mm were used, and the thermocouples 
were Pt/Pt-Rh. All the powder samples, of a grain size smaller than 0.06 ram, had 
a weight of 100 mg. The rate of temperature increase was 3~ the measure- 
ments were made in air atmosphere. 

The powder diffractograms of the samples under investigation were taken with 
a GON III diffractograph (Chirana), automatically recording the diffracted 
radiation. The radiation used was CuK~. 

The electron absorption spectra of the solid samples were measured in Nujol 
with a SPECORD spectrophotometer (Zeiss, Jena). 
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The infrared absorption spectra of the powder samples in Nujol were taken 
with a double-beam UR-10 spectrophotometer (Zeiss, Jena) in the range 4 0 0 -  
4000 cm-1; below 400 cm -1 a Perkin-Elmer 225 spectrophotometer was used. 

Results and discussion 

In studying the influence of certain factors on the stoiehiometry of thermal 
decomposition of solid nickel(II) complexes, we directed our attention to the 
question of whether different modes of preparation can have any influence, since 
it is known that this factor can play a considerable role in the kinetics of reactions 
in the solid state [15]. We applied the combination of homogeneous reactions 
(water-alcohol solution) with heterogeneous ones for the preparation of the starting 
complexes, which then were subjected to thermal decomposition. Thermoanalyt- 
ical methods (DTA, DTG and TG) were used in the investigation. 

A/ Thermal properties of complexes I and H 

The DTA, DTG and TG curves of the complexes Ni(NCS)2(NH3)4 (I and II) 
(Figs 1 and 2) lead to the following conclusions: 
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Up to 65 ~ complexes I and II show constant weight. The thermal decomposi- 
tion of complex I takes place in two separate steps, whereas that of complex II 
needs three. The weight losses corresponding to the decomposition stages are for 
complex I: 14.5% and 28.5%, respectively; and for complex II: 7.5%, 14.5% 
and 28.5 % respectively. These results are in good accordance with the theoretical 
values: - 1  NHs: 7.0%; - 2  NH3: 14.0%; - 4  NHz: 28.1%. The decomposition 
rate maxima for the studied processes are at 125 and 195 ~ for complex I, and 
at 125, 160 and 200 ~ for complex II. As the DTA curves show, only endothermie 
processes are involved in the decomposition. 
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Fig.  2. T h e r m a l  curves  o f  c o m p l e x  II 

The stoichiometry of the thermal decomposition of complex I may be expressed 
by equations (1) and (2): 

Ni(NCS)~(NHz)4c~) (I) --, Ni(NCS)z(NH3)2to + 2NH3cg ~ 

Ni(NCS)2(NHz)2(~) ~ Ni(NCS)2cs ) + 2NH3cg~ 

and that of complex II by equations (3 ) -  (5): 

Ni(NCS)2(NH3)~O (II) ~ Ni(NCS)2(NH3)a(~ + NHa(g ~ 

Ni(NCS)2(NH,)3(s) --* Ni(NCS)2(NH3)et,) + NH3{8) 

Ni(NCS)2(NH3)2(s) ~ Ni(NCS)2(~) + 2NHa(g) 

O) 
(2) 

(3) 
(4) 
(5) 
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Thus, the stoichiometries of thermal decomposition of complexes I and II 
differ; this may be connected with structural differences in the primary coordina- 
tion sphere. These differences in thermal decomposition led us to study the spectral 
properties of these compounds. 

B/ Spectral properties of complexes I and H in the solid state 

The electron absorption spectra of the coordination compounds under investi- 
gation exhibit two bands in the measured range (14000-30000 cm-1), with 
maxima at ~, 17 000 cm -1 and 28 000 cm -1, respectively (Table 2). Based on these 
data and in accord with the results of magnetochemical measurements [16] 
(complex II: #err = 3.28 B.M.) these compounds may be considered paramagnetic 
complexes with pseudooctahedral configuration. The assumed environment 
NiN~N~' for complexes I and II and also X-ray structural analysis of complex 
II [11] indicate tetragonal distortion of these compounds, causing a lowering 
of the symmetry from Oh to D~h [17] (three absorption bands are split into six). 
Actually, as supported by our experiments, all six bands are to be observed only 
rarely. 

Table 1 

Suectral data for isothiocyanatonickel (II) complexes with ammonia (in cm -1) 

Spectral data 
Compound 

Visible Infrared region 
region 

II 

28 000 
17 150 

28 000 
17 150 

3360, 3270, 2108, 1618, 1212 
785, 612, 477, 330, 210--200 

3358, 3267, 2105, 1618, 1210, 
785, 606, 477, 330, 210--200 

The absorption bands with maxima at 17 000 cm -1 and 28 000 cm -1 are only 
very little distorted, so that without analysis of the spectral curves it appears 
impossible even approximately to determine the values of the maxima of the re- 
spective bands. We have therefore listed in Table 1 the values of the maxima formed 
by superposition of two bands. The experimental data obtained for the complexes 
Ni(NCS)2(NH3)4 agree well with the calculated values [17]. As Table 1 shows, 
no differences were observed between the electronic spectra of complexes I and II. 

The infrared absorption spectra of the complexes under investigation exhibit 
10-13 bands in the measured range (200- 4000 cm-1) (Table 1). The bands typical 
of the coordinated ammonia molecules are at 3360 and 3260 cm -1, respectively 
(asymmetrical and symmetrical valence vibrations of NH 3), at 1600 and 1200 cm-1, 
respectively (asymmetrical and symmetrical deformation vibrations of NHa) and 
at 600 cm -1 ("rocking" vibrations of NHa). It follows from these results, and also 
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from literature data [18-20], that all the ammonia molecules are coordinated to 
the Ni(II) atom. 

For the NCS group those bands are characteristic that correspond to the valence 
vibrations of C - N  (at ,~2100 cm-1) and of C - S  (at ~780 cm-1), and to the 
deformation vibration of the NCS group (at ~ 475 cm-1). In accordance with 
literature data [7, 11, 21, 22], Table 2 shows that for complexes I and II the NCS 
group appears end bonded through the N atom, since the absorption band in the 
interval 690- 730 cm -1, known for the coordination of M - SCN, is missing [21 ]. 

In the region under 400 cm -1 there occur the bands VNi-N(NHs) and VNi-N(NCS) 
(in addition to ~N-Ni-N), giving direct information on the character of the metal- 
ligand bonds. In interpreting the results obtained we relied upon the work of 
Viltange [23], who found the N i -NH3  vibration bands in the range 317- 344 cm-1 
and the ~ N - N i - N  bands at 214-224 cm -~, respectively, for the complexes 
Ni(NHz)0X2 (X = C1, Br, I). For complexes of [Ni(NCS)0]-4 Forster and Good- 
game [24] observed the Ni - N(NCS) vibration bands in the range 237 - 250 cm -1. 
Paper [22] deals with this problem as a whole. 

The band at 330 cm -~ corresponding to the Ni-N(NH3) vibration indicates 
that all ammonia molecules are energetically equivalent for both complexes I and II. 
The broad band at 210-200 cm -~ apparently involves the two remainingvibra- 
t ions  VNi_N(NCS) and 6N_Ni_ N. 

C/ Causes of the different stoichiometries 
of decomposition for complexes I and H 

In studying the influence of the different modes of preparation of the complexes 
on the stoichiometries of their thermal decomposition, we tried to prepare two 
differently distorted octahedral complexes Ni(NCS)2(NH3)4. Complex I1 exhibits 
a tetragonal bipyramidal structure with the interatomic distances [11 ] d N i - N ( N H 0  = 

= 2.15(+0.02) A and dNi-N(NCS) = 2.07(+0.03) A, i.e. the tetragonal bipyramid 
has a compressed form. The complex Ni(NCS)2(py)4 also has a tetragonal bipyram- 
idal coordination polyhedron, but the interatomic distances [16, 25] are differ- 
ent: dNi_N(py ) = 2.03(_+0.06) • and dNi_~c s = 2.12(__+0.03) ,~, these meaning 
that the tetragonal bipyramid is elongated. By applying the heterogeneous reaction 
of solid Ni(NCS)2(py)4 with gaseous ammonia we attempted to prepare the com- 
plex Ni(NCS)2(NH3)4 with a coordination polyhedron in the shape of an elongated 
tetragonal bipyramid. Though the infrared spectra, particularly in the region of 
direct central atom - ligand interactions (under 400 cm-~), did not confirm this 
conception, different stoichiometries of thermal decomposition of these complexes 
were observed. 

Since the complexes I and II did not show any differences in the strengths of 
the Ni-N(NH~) bonds, the reasons for their different decomposition stoichio- 
metrics have to be sought rather in physical factors connected with their crystal 
structures. A possible explanation might lie in the different degrees of defectiveness 
of the crystals. Complex II, prepared by crystallization from solution, exhibits 
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more regularly grown crystals, offering greater resistance to the diffusivity of 
ammonia, so that the formation of the intermediate Ni(NCS)2(NH3)3 is favoured. 
Complex I, prepared by heterogeneous reaction, apparently has tess perfectly 
developed crystals with more defects and cracks, so that ammonia vapour diffuses 
more easily from the reaction zone and Ni(NCS)2(NHa)2 is formed directly. 
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Fig. 3. Thermal curves of complex I : sample of 400 mg, compressed 

The above conceptions are also supported by the fact that if we increase the 
sample of complex I and compress it, the resistance to diffusion and also the 
ammonia concentration in the reaction interphase are both increased, and the 
thermoanalytical curves show (Fig. 3) an intermediate x, for which the loss of 
weight does not correspond exactly, however, to the loss of one mole NHa; 
nevertheless, the diffractogram of x (Fig. 4/A) exhibits lines corresponding to 
the complexes Ni(NCS)2(NHa)a (Fig. 4/B) (prepared by thermal decomposition 
of complex II) and Ni(NCS)z(NH3)2 (Fig. 4/C). The intermediate Ni(NCS)2(NH3)3 
was also observed when complex ! underwent thermal decomposition about six 
months after its preparation, when recrystallization had taken place, in the solid 
phase thereby decreasing the defectiveness of the structure. In the decomposition 
of a thin layer of freshly prepared complex I (intermediate x' in Fig. 1) the complex 
Ni(NCS)2(NH3)a was not observed; even phase analysis (Fig. 4/D) showed the 
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only complex formed to be Ni(NCS)2(NHz)2. The powder diffractogram of the 
intermediate x'  exhibits lines corresponding to the complexes Ni(NCS)2(NH3), 
and Ni(NCS)z(NH3)2. It follows from the above that it is desirable to complete 
the study of  the stoichiometry of  thermal decomposition by the phase analysis 
o f  the intermediates. 
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Fig. 4. Powder diffractograms: a -- intermediate x (see Fig. 3); b -- Ni(NCS)2(NHs)a; 
c -- Ni(NCS)e(NH3)~; d -- intermediate x' (see Fig. 1); e -- complex I; f -- eomplexII 
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The powder diffractograms of complexes I and II (Figs 4/E and 4/F) show fine 
shifts of some bands; the band at ,-~29 ~ is split into two and on transition to 
complex II an intensive increase in the intensity of the most characteristic bands 
is found. It cannot be excluded, however, that these changes are due to different 
defects of  the crystal lattice, i.e. to different mosaics of the crystal structures of 
complexes I and II, thus affecting the stoichiometries of  their thermal decompo- 
sition. 
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Rt~SUM~ - -  On a 6tudi6 l 'influence des diverses m6thodes de pr6paration sur la stoechiom6trie 
de la r6action de d6composition thermique des complexes de l ' isothiocyanate de nickel(II) 
avec l 'ammoniac.  On a 6tabli que le complexe Ni(SCN)2(NHz)~, (I), pr6par6 ~ar r6action 
h6t6rog6ne, subit une d6composition en deux 6tapes (--  2NH~, --  2NHa), tandis que le complexe 
(II), de m~me composit ion,  mais pr6par6 par  r6action homog6ne, ~t part i r  de solutions, 
se d6compose en trois 6tapes (--  1NH3,-- 1NHa, -- 2NHs). Les propri&6s spectrales du complexe 
initial ont 6t6 6tudi6es par  absorpt ion 61ectronique et infrarouge. On a trouv6 que les diff6- 
rences de stoechiom6trie des r6actions de d6composition thermique des complexes (I) et (II) 
n 'appor ta ient  pas de diff6rences entre les 6nergies de liaison des mol6cules d 'ammoniae  
(facteur chimique). C'est plutOt ~t des facteurs physiques, comme les diff6rentes imperfections 
du r6seau cristallin, que cet effet serait dfi. 

ZUSAMMENFASSUNG - -  Der EinfluB der Herstellung auf  die St6chiometrie der thermischen 
Zersetzung yon Amin-Komplexen des Isothiocyanatonickels wurde studiert. Der  Zerfall des 
Komplexes Ni(NCS)2(NH3) 4 (I), hergestellt durch heterogene Reaktion,  verlief in zwei Etap- 
pen ( - -2  NH3, - -2  NHa). Beim selben Komplex (II), hergestellt durch homogene Reaktion 
in L6sung, wurden jedoch drei Etappen beobachtet  ( - -1  NHa, --1 N/-/3, - -2NH3) .  Die 
Eigenschaften des Ausgangsproduktes wurden durch Elektronen- und IR-Spektroskopie 
untersucht.  Das unterschiedliche thermische Verhalten ist nicht  auf  eine verschiedene Bin- 
dungsst~rke der N H  a Molekiile, sondern auf  physikalische Ursachen, wie z .B.  Unregel- 
mfissigkeiten im Kristallgitter zurfickzuftihren. 

Pe3mMe --/43ytterlo B.rlHflnHe pa3nr l~Lx  MeTO~OB no~y~eH~ aMMna~nblx KOMIIYIeKCOB H3OTHO- 
uganaTa nnKeJ~a (II) ria cTexrloMeTpmo llx TepMnqecroro pa3ao~rerma. BbIJ~O Hai~eno, aTO 
rOMmaerc Ni(NCS)2(NHa) 4 (I), noayqermr~r~ npH reTeporenno~ peaIoaHrt, no~aepraeTca ~Xnyx- 
cTyneHaaTOMy paazo~enn~o (--2NHa,--2NHz),  B TO ~re BpeMa, ~a~ rOMnneKca II TOrO ace 
COCTaaa, IJo noay~eHnoro nprI roMorerrno~ peatainrt n3 pacrBopoB, paaao~renHe npo~eraer  
a Tprl cTa~Inrl ( - - I  NH3,--1 NH3 --2NHa). ~ a  I, lay~leHn~I cneKTpaJ/b/-lblX CBO~CTB naaan~m, tx 
KOMnIIelgCOB 6blIIrI ncnom~aoaan~i a~IerTponHl, Ie H ~iqbpalcpacrlr~ie cneKTplbI noraomenrLq. 
Hafi~eno, aTO pa3~HqnaJt CTeXHOMeTpH~I TepMnzlecKoro pa3no~eHnz I(OMIIIIeKCOB I H II oSy- 
CJIOBYIeHa He pa3in4qtieM B ctlJie CB$I3/~ MOJ/eKy2I aMMIIaKa (XHMI~eCKI4~ (~aKTOp), a cKopee Bcero 
dpI43HLIeCKI4MII ~aKTOpaMH, TaKttMH KaK pa_anrrqHr~ie ]/eOeKTbI I~X KpHcTaJ/JltlqeCKOI~ pemeTrrL 
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