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Absa-aet 

The stoichiometry of thermal decomposition reactions was studied for the following 
compounds: Ni{N(CN)2 }2py2 (I) (py-pyridine), Ni{N(CN)2 }2(2-Mepy)2 (II), 
Ni{N(CN)2 )2(3-Mepy)2 (III) and Ni{N(CN)2}2(4-Mepy)3 (IV). In complexes I and II the 
loss of the volatile heterocyelie ligands occurs in one step while in complexes III and IV 
in two steps. Magnetic and spectral data indicated pseudooctahedral configuration for all 
complexes. The course of thermal N(CN)2-bridging reactions of the complexes studied are 
discussed. 
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lnlrt~etion 

It is known that nickel(II) complexes such as NiX2Ln release volatile ligands 
L upon heating, as expressed by the equation 

NiX2Ln (s) AT NiX2 (s) + nL (g) (1) 

More often, however, it is a multistep process, when the escape of one or 
more volatile ligands takes place successively. Depending on several factors 
[ 1 ], some of the expected steps are usually not observed. 

* Part XXV in the series Heterogeneous reactions of solid Ni(II) complexes. 
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Thermal bridging reactions can be expected when L is a volatile ligand (as 
pyridine or piperidine and its derivatives [2, 3]) and ligand X can form a bridge 
over two or more central atoms, i.e. a heating of the starting complexes will 
give the intermediates with dimeric [4] or polymeric- (chain or he0 structure 
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We prepared a series of nickel(II) complexes containing pyridine (py) and 
methylpyridine (2-Mepy, 3-Mepy, 3-Mepy) as a volatile ligand L and N(CN)2 
as a bridging group X, and examined the possibility of these bridge formation 
reactions. 

Experimental 

The starting complexes: Ni { N(CN)2 }2py2 (I), Ni { N(CN)2 } 2(2-Mepy)2 (II), 
Ni { N(CN)2 } 2(3-Mepy)2 (III) and Ni { N(CN)2 } 2(4-Mepy)3 (IV) were prepared 
according to paper [5]. Ni{N(CN)2}2(3-epy)l (V), Ni{N(CN)2}2(4-Mepy)2 
(VI) and Ni(NCS)2 (VII) were prepared by the isothermal decomposition of the 
starting complexes at about 230~ (complex V), about 80~ (complex VI) and 
about 300~ (compound VII). The compounds obtained were analysed for 
nickel, carbon, hydrogen and nitrogen. 

The stoichiometry of thermal decomposition was studied using a Deriva- 
tograph OD 102, In all thermal decompositions a sample mass of 100 mg was 

used and the rate of temperature increase was 3 deg.min -z. The measurements 
were carried out in air using open standard crucible. To study the quasi-equilib- 
rium decomposition temperatures (TD) the Q-derivatograph was used. This ex- 
perimental technique results in stabilisation of the decomposition temperature, 
i.e. the experiment proceeds under quasi-isothermal conditions [6]. Using spe- 
cial sample holder types it is possible to keep the pressure of the gaseous prod- 
ucts almost constant (conical crucible ---90 kPa). 

The electronic spectra of the solid samples were measured by a Unicam SP 
700 photometer. Infrared absorption spectra were recorded with a UR model 20 
spectrophotometer. Magnetic moments were measured with a Gouy balance at 
room temperature. 
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Results and disct~ssion 

Thermal properties of the complexes 

The results of thermal analysis are shown in Figs 1-3 and are summarised in 
Table 1. The TG and DTG curves show that the release of the volatile ligands L 
is a one-step process for complexes I and II, as expressed by the equation 

Ni{N(CN)x}2L2 (S) AT Ni{N(CN)2}2 (s) + 2L (g) (3) 

(L=py  (I) and2-Mepy (II)) 
while for III and IV it is a two -step process, Ni{N(CN)2}2(3-Mepy)I (V); 
Ni{N(CN)2}2(4-Mepy)2 (VI) and Ni{N(CN)2}2 (VII) being formed as interme- 
diates: 

AT Ni{N(CN)2}2(3-Mepy)2 (III) ( s ) ~  

Ni{N(CN)2}2(3-Mepy)I (s) + 3-Mepy(g) 

AT 
Ni{N(CN)2}2(3-Mepy)I (V) ( s ) ~  

Ni{ N(CN)2}2 (VII) (s) + 3-Mepy (g) 

AT Ni{N(CN)2}2(4-Mepy)3 (IV) ( s ) ~  

Ni{N(CN)2}2(4-Mepy)2 (VI) (s) + 4-Mepy (g) 

AT Ni{ N(CN)2 }2(4-Mepy)2 (VI)(s) 

Ni{N(CN)2}2 (VII) (s) + 2(4-Mepy) (g) 

(4) 

(5) 

(6) 

(7) 

The percent weight loss, as reported in Table 1 shows that there is good agree- 
ment between experimental and theoretical values. 

The Q-TG curves (Fig. 4), which were traced under quasi-isothermal heat- 
ing conditions (using conical crucible) provide comprehensive information 
about the reaction stoichiometry as well as the decomposition temperatures. It 
is obvious that there are no differences between the stoichiometry of thermal 
decomposition under quasi-equilibrium (Fig. 4) and non-equilibrium condi- 
tions (Figs 1-3), with the exception of Ni{N(CN)2}2(3-Mepy)2 (III). In this 
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Fig. 1 Thermal curves of complex I 

case no stable intermediate Ni{N(CN)2}2(3-Mepyh is formed and 
stoichiometry of thermal decomposition may be described by the equation 

Q-TG 
Ni { N(CN)2 } 2(3-Mepy)2 (III) 

Ni{N(CN)2}2 (VII) (s)+2(3-Mepy) (g) 

the 

(8)  

The decomposition temperatures derived from the quasi-isothermal meas- 
urements can be used to set up a qualitative sequence of the thermodynamic sta- 
bilities of the compounds in identical thermal decomposition reactions [7]. 
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According to the quasi-equiUbrium decomposition temperatures (Table 1), the 
thermodynamic stability of Ni { N(CN)2}zLn complexes increases in the follow- 
ing sequence: 

IV < I = III < II 

Magnetic and spectral properties of the complexes 

On the basis of the magnetic moments (Table 2), it can be concluded that all 
the complexes under study are paramagnetic and the values are in the range usu- 
ally given for octahedral nickel(II) complexes [8]. 

J. Thermal Anal., 41, 1994 
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All the complexes have similar d--d spectra consisting of  two spin-allowed 
bands and a spin-forbidden absorption between them. These spectra are charac- 
teristic of  octahedral configuration [9]. The spin-allowed bands in the increas- 
ing energy order are assigned to t h e  3T2$ ~- -  3A28 a n d  3Tlg(F) ~ -  3A28 transition. 
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Fig. 3 Thermal curves of complex IV 

The highest energy transition 3TIg(P) <--- 3A2g is in most cases not observable 
because of overlapping by other, very intense UV absorptions. The steric effect 
of 2-Mepy is not connected with the stereochemical change of Ni { N(CN)2 }2L2 
complexes (octahedral configuration remains unchanged) but the energy of the 
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3T28 6-- 3A2g transition (10 Dg) decreases from about 10 400 cm -1 (complex I, 

III, VI) to 9 400 cm -1 (complex II). 
The mode of coordination of the N(CN)2 groups in these complexes was in- 

vestigated by means of  infrared absorption spectra. Dicyanamide groups can 
principally occur as monodentate (bonded through cyanide or amide nitrogen 
atom), as bidentate (bonded through two cyanide N-atoms or one cyanide and 
one amide N-atom), tridentate (bonded through two cyanide and one amide N- 
atom) and tetradentate (one cyanide N-atom is bonded to two central atoms). It 
follows from literature data summarised in [10] that the main criterion of  the 
mode of coordination are the band positions corresponding to the C-N stretch- 
ing vibration (usually two or more bands). The regions from 2240 to 

2210cm -1 and 2190 to 2160 cm -1 are assigned to the monodentate N(CN)2 

J. Thermal Anal., 41, 1994 
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Table 2 Spectral and magnetic data 

Complex v(CN) / e m  -1 vraax / cm -1 bier, B.M. 

I 2255, 2200 10420, (sh) 3.14 a 

16900, 

II 2254, 2208 9400, 2-86a 

27000, 

I]I 2250, 2200 10300. 3.15 

IV 2252 2240, 2190 

V 

VI 

2260, 2250 (sh) 

-2210 

2253, 2193 

VII 2260, 2210 

16700 

10500 

16900 

9200 

16300 

10360 

16670 

9700 

~13300 

=17170 

=-13300 

=-27200 

=13500 

=-26700 

--13700 

=27000 

=13200 

=-26O0O 

=13500 

--26600 

16000 

=26140 

3.13 

3.07 

3.09" 

3.18 a 

afrom paper [5] 

groups. For bidentate groups (very likely bonded through cyanide N-atoms) are 

characteristic frequencies between 2260-2240 cm -1 and 2210-2180 cm -1 while 
for tridentate N(CN)2 groups there are significant frequencies betwen 

2280-2260 and 2220-2210cm -x. In complexes I, II, III and VI, two bands 

around 2250 cm -1 and 2200 cm -1 were found for the C-N  stretches which obvi- 
ously indicate the bidentate bridging nitrogen function of  the N(CN)2 ligands. 

In the case of complex IV, the bands about 2252, 2240 and 2190 cm -1 can be as- 
signed predominantly to the bidentate and monodentate coordination, while in 

complex V the bands about 2260, 2250 (sh) and =2180 cm -1 very probably cor- 
respond to the tridentate and bidentate N(CN)2 groups. These facts are in agree- 
ment with the pseudooctahedral configuration of  these complexes. For 
Ni{N(CN)2}2 (VII) in contrast to the above mentioned complexes, the 
pseudooctahedral coordination sphere with bridging but tridentate N(CN)2 
groups is predicted [ 11]. 

J. Thermal Anal., 41, 1994 
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Thermal bridging reactions 

The results obtained indicate that all the complexes studied are pseudoocta- 
hedral. The hexacoordination can be achieved through the bonding of  N(CN)2 
as bidentate ligand (complexes I, II, III and VI), monodentate and bidentate li- 
gands (complex IV), bidentate and tridentate ligands (complex V) and triden- 
tate ligand only (compound VII). On the basis of  these data the following 
thermal N(CN)2 bridging reactions are suggested: 

N N 
/ \ / \ 

L L NC CN t NC CN L 

\I / ar \~/ \J / ~T > 
~ > "'" N~ N~ "'" 

-'I \ -'" -L / I ~ /'I ~ -k 
" L NC CN L NC CN L 

\ / \ / 
N N 

(A) (B) 

N N 
/ \ / \ 

I , NC CN L , NC NC i 

~: / \ 1  / AT \ I  / \, / 
"'" Ni Ns "'" > "'" Ni Ni "'" 

/I \ / \ -u /l \ /,\ 
L NC CN : I NC CN ' 

\ / \ / 
N N 

(C) (D) 

(the hexacoordination in cases (A), (C) and (D) is completed by the adjacent 
structural units) 

Based on our experimental results we consider the most probable course of  
thermal bridging reactions to be by steps B --~ D (complexes I, II), B ~ C ~ D 
(complex III) and A ~ B ---) D (complex IV). 
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Zusammenfassung ~ FUr folgende Verbindungen wurde die StOchiometrie der 
thermischen Zersetzungsreaktionen untersucht: Ni[N(CN)2]2py2 (I) (Py-Pyridin), 
Ni[N(CN)2]2(2-Mepy)2 (II), Ni[N(CN)i]2(3-Mepy)2 (III) und Ni[N(CN)2]2(4-Mepy)3 
(IV). In den Komplexen I und II werden die fliichtigen heterocyclischen Liganden in 
einem Schritt abgegeben, bei den Komplexen III und IV in zwei Schritten. Magnetische 
und spektroskopische Angaben zeigen eine pseudooktaedrische Konfiguration fur alle 
Komplexe. Der Verlauf der thermischen N(CN)2-Brtickenbildungsreaktion der unter- 
suchten Komplexe wird diskutiert. 
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