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The thermal properties of coordination compounds of the composition Cu(NCS)eL2 
(where L = pyridine, 2-, 3- and 4-picoline, and 2,3-, 2,4-, 2,5-, 2,6-, 3,4-and 3,5- 
lutidine) are dealt with. The thermal decomposition of these compounds begins with 
the release of the ligand L. The compounds with pyridine derivatives containing a methyl 
substituent at position 2 show a markedly decreased initial decomposition temperature. 
It was found that X-ray irradiation caused a reduction of the central atom Cu(I1) 
in the coordination compounds under investigation. X-ray electron spectra data 
showed the stability of the compounds Cu(NCS)eL e with L = picoline or lutidine 
having a methyl substituent at position 2 to be distinctly lower in the surface layers. 
From the given series, the compounds Cu(NCS)e(pyridine)e and Cu(NCS)~(3,5-1utidine)z 
exhibit an analogous course of thermal decomposition in nitrogen atmosphere up 
to 600 ~ The stoichiometries of thermal decomposition are discussed. 

Our former papers [1, 2] dealt with the physico-chemical properties of a series 
of  thiocyanatocopper(I1) compounds of the composition Cu(NCS)zL2, where 
L meant pyridine and all the isomeric forms of picolines and lutidines. A more 
detailed analysis of electron and infrared spectra showed the effect of the methyl 
substituents on the physico-chemical properties of the complexes. 

In the series ofcompunds Cu(NCS)2L2 (compared with the compound Cu(NCS)2 
(PY)2) the methyl substituents increase the tetragonal distortion of the coordina- 
tion polyhedra [1]. Due to the high plasticity [3, 4] of the coordination sphere 
of  Cu(lI), the coordination number of 6 remains unchanged in all the compounds 
except Cu(NCS)2(2,3-1ut).~. This compound exhibited a decrease of the coordina- 
tion number of the central atom to 5. 

A study of the infrared spectra [2] of this compound series showed that the 
methyl substituents affect the strength of the bond coordinating the pyridine ligand 
to the central atom. These changes do not remain isolated in the coordination 
sphere of the central atom, but also induce changes in the bond strength of the 
coordinated NCS groups. 

The aim of this work was to investigate the decompositions of these compounds 
of  type Cu(NCS)2L 2. 
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Experimental 
Preparation of the compounds 

Thiocyanatocopper(II) compounds of the general formula Cu(NCS)2L2 (where 
L = all the isomeric forms of picolines and lutidines) were prepared and analyti- 
cally evaluated by the methods described in [1 ]. c~-Cu(NCS)2(py)2 was also prepared 
according to [5]. 

Apparatus 

3~ 

The thermal decomposition of the compunds was performed with a derivato- 
graph (MOM, Hungary) [6]. A platinum crucible 14 mm in diameter and a Pt/ 
P t - R h  thermocouple were used. All samples were pulverized, the grain-size 
not exceeding 0.06 mm. The sample weight was 100 rag, and the temperature 
interval 20 to 600 ~ with a heating rate of 9~ The measurements were made 
in a nitrogen atmosphere. 

cull" 
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Fig. 1. Change of the line Cu2p~/2 in dependence on the radiation time 

The influence of X-ray radiation was studied by means of the Cu2p3/2 line of 
these compounds on a V I I - E - 1 5  X-ray electron spectrometer. The spectra 
were excited by the Mgt<~ line at 10 -6 torr. Figure 1 shows the data of the Cu2p3/~, 
line measured during radiation of Cu(NCS)2(3,5-1ut)2. Figure 2 presents the 
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kinetic data on the change of the signal intensity of Cu(II). Irradiation of  the 
samples was performed with the X-ray tube anode of the spectremeter at 9 kV 
and 120 mA. 
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Fig. 2. Change of the intensity I of the line Cu(H)2 P3/~ in dependence on the radiation time 
(1 - - L =  3, 5-1ut, 2-- L =  3,4-1ut, 3--  L =  4-pic, 4--  L =  2-pic) 

R e s u l t s  a n d  d i s c u s s i o n  

The study of the thermal behaviour of  thiocyanatocopper(ll) coordination 
compounds of the composition Cu(NCS)2L 2 (where L = 2-, 3- and 4-picoline, 
and 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 3,5-1utidine) showed, compared with (CuNCS)2 
(PY)2, that the methyl substituents markedly influence the course of  the thermal 
decomposition and lower the thermal stability. 

The thermal decomposition of all the above compounds begins with the release 
of the heterocyclic base. For Cu(NCS).,(py)2 this is in agreement with the results 
of Erdey and Liptay [7]; however, they studied the thermal decomposition of  
this compound in the presence of oxygen. 

The fact that the thermal decomposition of all the cempounds under investiga- 
tion begins with the breaking of the C u -  L bonds is in good agreement with the 
information obtained from the infrared absorption spectra [2]. The wavenumbers 
of the C u -  L valence vibrations are ~ 60 cm-  1 lower than those of the C u - N C S  
valence vibrations. 

The compounds begin to decompose in the temperature range 7 0 - 1 2 0  ~ . 
According to their initial decomposition temperature they may be divided into 
two groups. 

The first group involves the compounds with 3-, 4- and 5-substituted pyridine 
(L = 3-pic, 4-pic, 3,4-1ut and 3,5-1ut) and unsubstituted pyridine. The thermal 
decompositions of these compounds commence at 110-  120 ~ 

The other group covers compounds containing a substituent at the sterically 
disadvantageous positions 2 or 6. (L = 2-pic, 2,3-1ut, 2,4-1ut, 2,5-1ut and 2,6-1ut.) 
These compounds begin to decompose at a significantly lower temperature, 
70 - 80 ~ 
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This experimental finding is also in good agreement with the results obtained 
from the infrared absorption spectra. For  all the compounds where L has a methyl 
substituent at position 2, a shift of  the C u -  L valence vibration to lower energies 
was observed compared with compunds where L means pyridine (see Table 1). 

It was found that X-ray radiation caused a reduction of the central atom Cu(II) 
in Cu(NCS)2L2. For  Cu(NCS)2L 2 where L = picoline or lutidine with a 2-methyl 
substituent, even at the beginning of the measurements the X-ray spectra registered 
an intense signal from Cu(I) and a weak signal from Cu(II). The ratio of the in- 
tensities was 5 : 1. 

This indicates that, for this series of compounds, nearly complete reduction 
o f  the Cu(II) took place on their surface even during storage. This reduction con- 
tinued as a consequence of  X-ray irradiation. 

Table  1 

W a w e  n u m b e r s  o f  the  va lence  v ibra t ions  T ( C u - - L )  a n d  the  initial decompos i t i on  tem-  
pe ra tu re s  o f  the  c o m p o u n d s  Cu(NCS)2L~ (L = py,  2-pic, 2,3-1ut, 2,4-1ut, 2,5-1ut and  

2,6-1ut) 

Initial decomposi- Wawe number of 
Compound tion temperature, the valence vibra- 

~ tion ~ (Cu-L), cm -1 

Cu(NCS)2(py)z 
Cu(NCS)2(2-pic)2 
Cu(NCS)2(2,3-1ut)2 
Cu(NCS)z(2,4-1ut)2 
Cu(NCS)z(2,5-1ut)2 
Cu(NCS)2(2,6-1ut)2 

110 
70 
80 
70 
70 
70 

257 
242 
244 
248 
254 
248 

For the complex compounds with L = 3- and 4-picoline, and 3,5- and 3,4- 
lutidine, the signal intensity from Cu(II) at the beginning of  the measurement 
was greater than or nearly the same as that from Cu(I) obtained due to the de- 
composition of  the compounds during storage (Fig. 1). 

The X-ray electron spectra data showed the stability of  the compounds 
Cu(NCS)2L 2 with L = picoline or lutidine with a methyl substituent at position 
2 to be distinctly lower in the surface layers. 

Thermal properties of Cu(NCS)2(py)2 

The TG and DTG curves for the thermal decomposition of  this compound 
are shown in Fig. 3. Under the present experimental conditions up to 220 ~ the 
heterocyclic base is released in one step. On increase of the temperature to 600 ~ 
the courses of  the TG and DTG curves show that the intermediate obtained under- 
goes further thermal changes. 

o r . T h e r m a l  A n a l  1 3 ,  1 9 7 8  
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The stoichiometry of  thermal decomposition of  Cu(NCS)2(py)z may be expressed 
by the scheme: 

- 0 . 5 S  
Cu(NCS)~(py)2 - 2py~. CuNCS �9 NCS - - - - - + C u S I . a ( C N ) , ,  

1 11 " 

- 0 . 5  S - C N  - 0.5 S - CN 
-+ CuNCS . . . .  CuS0.~ CN . . . . .  ~CuSo.5 

IIl IV V 

The calculated and the found weight losses for the different steps are listed 
in Table 2. 

The suggested scheme for the thermal decomposition stoichiometry of  
Cu(NCS)2(py)2 may be supported by the following: 

1. The existence and properties of the intermediates formed in steps I and lI 
of thermal decomposition (,CuNCS "NCS and Cu,~S~(CN), 0 were discussed in 
d e t a i l  in  [ 5 ] .  

2. The suggested formation of CuNCS as the intermediate in step lI1 is supported 
by the fact that in the diffractograms of the intermediates CuNCS "NCS and 
Cu2S3(CN)4 all diffractions for CuNCS were identified by phase analysis [5]. 
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Hunter et al. [8] characterized the compound CuNCS "NCS as a substance with 
the lattice of  copper(I) thiocyanate, containing polymeric thiocyanate groups. 
The properties of  the compound S(CN)~ released in step III of  thermal decomposi- 
tion are described by Feh6r et al. [9] within a series ofcyansulphanes of the general 
formula Sl_ s(CN)2. 

Table 2 

Values of the loss of weight in the different steps of thermal decomposition of Cu(NCS)~.(py)z 

Step of thermal 
decomposition 

I 

II 
III 
IV 
V 

Loss of  weight, ~o 

calc. found 

46 .82  47 

51.56 52 
64.01 64 
68.75 70 
76.45 79 

Formula of  the 
intermediate 

C u N C S  �9 N C S  

Cu2S3(CN)~ 

CuNCS 
Cu2S(CN)2 
Cu2S 

3. The suggested stoichiometry of  thermal decomposition of  CuNCS in steps 
IV and V is in agreement with the data published by Bacanov and Zalivina on 
the thermal behaviour of  CuNCS in a nitrogen atmosphere [10]. 

Thermal properties of Cu(NCS) 2(3,5-lut) 2 

According to the thermal curves of all the investigated compounds with picolines 
and lutidines, only Cu(NCS)2(3,5-1ut)~ shows a similar behaviour to that of  
Cu(NCS)2(py)2 during its thermal decomposition. The TG and D TG  curves of  
the thermal decomposition are shown in Fig. 4. 

For  this compound the DTG curve also shows a rather marked change of the 
decomposition rate as a function of temperature up to 280 ~ In the temperature 
interval 300 -600  ~ further decomposition steps were observed, in the same tempera- 
ture intervals as for Cu(NCS)2(py)2. An analytical evaluation and the properties 
of  the intermediate formed after step I of  the thermal decomposition showed 
that this compound, of  the composition Cu2S3(CN)~, has the same properties 
as that formed by the thermal decomposition of  Cu(NCS)2(py)2. 

The stoichiometry of  thermal decomposition of  Cu(NCS)2(3,5-1ut)2 may be 
expressed by the scheme: 

- 2(3,5-1ut) - 0 . 5  S 
Cu(NCS)2(3,5-1ut)2 I ' CuSI'5(CN)2 

- 0 . 5  S - C N  - 0 . 5  S - CN 
, CuNCS ~ CuS0.~CN - - -  , CuS0.5 

II III IV 
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The calculated and the found weight losses in the different steps of  the thermal 
decomposition are listed in Table 3. 

In the thermal decomposition of Cu(NCS)2(3,5-1ut),, the release of  the sulphur 
atoms occurs in the first step, following the release of the heterocyclic base. The 

Table 3 

Values of the loss of weight in the different steps of thermal decomposition 
of Cu(NCS)2(3,5-1ut)2 

Step of  thermal  
decompos i t ion  

l 
I1 
IlI 
IV 

Loss of  weight,  % 

calc. found 

58.46 61 
69.13 69 
73.15 74 
79.81 80 

F o r m u l a  o f  the 
in te rmedia te  

Cu2S3(CNh 
CuNCS 
Cu2S(CN)~ 
Cu~S 
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Fig. 4. Thermal curves of the compound Cu(NCS)~(3,5-1ut)~ 
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same was observed for ~-Cu(NCS)2(py)2 too, when the thermal decomposition 
proceeded in the air and the heating rate was slower [5]. 

Thermal properties of  Cu(NCS)2L 2 

(L = 2-pic, 3-pic, 4-pic, 2,3-1ut, 2,4-1ut, 2,5-1ut, 2,6-1ut and 3,4-1ut) 
The curves for this group of compound differ significantly from those of the 

compounds discussed above. Up to ~ 300 ~ the DTG curves for these compounds 
show a rather complicated course, being different for the particular compounds. 
Figure 5 presents the curve of Cu(NCS)2(2,4-1ut)2 for illustration. 
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Fig. 5. Thermal curves of the compound Cu(NCS)2(2,4-1ut)2 

For the compounds of this group the main decomposition takes place up to 
300 ~ In the interval 300-600 ~ the DTG curve does not register any changes, 

while the TG curve shows only a uniform loss of weight of the sample with tem- 
perature. The intermediates after the first decomposition step have nonstoichio- 
metric composition and are of greater thermal stability than the thermal decompo- 
sition intermediates of the analogous compounds with pyridine and 3,5-1utidine. 
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General findings on the thermal decomposition of  thiocTanatocopper( II) compounds 
with picolines and lutidines 

It follows f rom the above that  for the investigated th iocyanatocopper ( I I )  coord i -  

nat ion compounds  with picolines and lutidines (except for Cu(NCS)2 (3,5-1ut).~) 

the thermal stability o f  the coord ina ted  N C S  groups is significantly lower compared  

with that  in Cu(NCS)2(py)2. The reactions connected  with  polymerizat ion and 

the decomposi t ion  of  the N C S  groups were obserYed for Cu(NCS)2(py)2 in four  

separate steps (up to ~280 ,  ~ 370, ~ 4 4 0  and ~ 520~ F o r  the other  coord ina t ion  

compounds  the stoichiometries o f  thermal  decomposi t ion  were not  studied, 

since the methyl  subst i tuent  on the pyridine ring markedly  lowers the thermal  

stability o f  the coord ina ted  NCS groups.  The  reactions connected with the poly-  

merizat ion and with the initial decomposi t ion  o f  the N C S  groups are shifted into 

the tempera ture  region up to 300 ~ and coincide with the release o f  the l igand L. 

References 

1. M. KABESOVA, J. KOHOUT and J. GAEO, Mh. Chemic, 107 (1976) 641. 
2. J. KOHOUT, M. KABEgOVX and J. GAEO, Mh. Chemie 108 (1977) 1011. 
3. J. GAEo, I. B. BERSUKER, J. GARAJ, M. KABESOVA., J. KOHOUT, H. LANGFELDEROV~,, M. 

MELNIK, M. SERATOR and F. VALACH, Coord. Chem. Rev., 19 (1976) 253. 
4. J. Gg~o, M. KABESOVA, F. VALACH and M. MELNIK, Coord. Chim., 2 (1976) 715. 
5. L. MAC,~gKOV./~, M. KABESOV./% J. GARAJ and 3. GAZO, Mh. Chemic, 104 (1973) 1473. 
6. F. PAULIK and L. F~RDEY, Z. Anal. Chem., 160 (1958) 241. 
7. L. ERDEY and G. LIPTAY, Periodica Polytech., 7 (1963) 223; CA 60 (1964) 8647. 
8. J. A. HUNTER, W. H. S. MASSIC, J. MEIKLEJOHN and J. REID, lnorg. Nucl. Chem. Letters, 

5 (1969) 1. 
9. F. FEH~,R and H. WEBER, Chem. Bet., 91 (1958) 642. 

10. C, C. BACANOV and E. N. ZALIVINA, J. Neorg. China., 17 (1972) 306. 

R~;suM/~ -- L'article a trait aux propri6t6s thermiques des compos6s de coordination de com- 
position Cu(SCN)2L 2 (L = pyridine, 2-, 3-, 4-picoline, 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, 3,5-1utidine). 
La d6composition thermique de ces compos6s commence avec la lib6ration du ligand L 
Les compos6s avec des d6riv6s de la pyridine contenant un substituant m6thyle en position 2 
sur le cycle de la pyridine pr6sentent une temp6rature initiale de dgcomposition qui se trouve 
abaiss6e de maniere appr6ciable. On observe que Ie traitement aux rayons X provoque une 
r6duction de l'atome central Cu(ll) darts les composes de coordination 6tudi6s. Les donn6es 
fournies par les spectres 61ectroniques des rayons X ont montr6 que la stabilit6 des composes 
Cu(SCN)2L 2 avec L = picoline ou lutidine, ayant un substituant m6thyIe en position 2, est 
nettement plus faible dans les couches superficielles. Dans cette s6rie de compos6s, Cu(SCN)z 
(pyridine)z et Cu(SCN)2(3,5-1utidine)., montrent, en atmosph6re d'azote, jusqu'~. 600 ~ un 
processus analogue de d6composition thermique. La stoechiom6trie de leur rdaction de 
d6composition thermique est examin6e. 
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ZUSAMMENFASSUNG - -  Der Artikel befaBt sich mit den thermischen Eigenschaften von Koordi- 
nationsverbindungen der Zusammensetzung Cu(NCS)eL.~ (L = Pyridin, 2-, 3-, 4-Pikolin, 2,3-, 
2.4-, 2,5-, 2,6-, 3,4- und 3,5-Lutidin). Die thermische Zersetzung dieser Verbindungen beginnt 
mit der Abspaltung des Liganden L. Die Verbindungen mit Pyridinderivaten, welche einen 
Methylsubstituenten in Position 2 im Pyridinring enthalten, zeigen eine deutlich herab- 
gesetzte anf/ingliche Zersetzungstemperatur. Es wurde gefunden, dab die R6ntgenbestrahlung 
eine Reduktion des zentralen Cu(II)-Atoms bei den untersuchten Koordinationsverbindungen 
herbeiffihrte. Die Daten der RSntgen-Elektronenspektren zeigten, dab die Stabilit/it der 
Verbindungen Cu(NCShLz mit L = Pikolin oder Lutidin, welche einen Methylsubstituenten 
in Position 2 enthalten, in den Oberflfichenschichten wesentlich geringer ist. Von der gegebenen 
Reihe der Verbindungen zeigen Cu(NCS)2(Pyridin)2 und Cu(NCS)e(3,5-Lutidin).~ in Stickstoff- 
Atmosph/ire bis zu 600 ~ einen /ihnlichen Verlauf der thermischen Zersetzung. Die St6chio- 
metrie ihrer thermischen Zersetzung wird beschrieben. 

PeamMe - -  I/I3y~IenbI TepM~lqeCK~te CBO~CTBa KOOp~rIHam, IOHHblX coeannenr~ cocraBa 
Cu(NCS)2L 2 r~e L-~ nrtpn~rnH, 2-, 3-, 4-naKOanH, 2,3-, 2,4-, 2,5-, 2,6-, 3,4-, 3,5-SlyTrl~rtU. TepMrI- 
~ecroe paaao~xeuHe 3r~x coe~I~HeHrLR rta~rmaeTc~ c Bb~esIenn~ zii~ran~a L. Coe~armHHa c 2-Me- 
THYlH3aMeILIeHHbIMn ni~pn~nHa noKa3~IBa~OT 3HaqHYenbHOe yMeabmenHe na~a~IbnOif TeMrIepaTy- 
p~,i pa3~o~ennm OSHapy~eno, 'tTo 06~yqenrm peHTFeHOBCKI, IMH ~yqarcm npH rtccne~0BaurIr~ 
xoop~HHa~uoHHbIX coe)IHner~n~, Bt,I3bIBaeT BOCCTaHOB~IeHHe LieuTpa3aI, Horo aTOMa Cu(II). 
~a~IHS~e peHTreHoBcrHx 331eKTpOrirn, ix cnerTpoB noi(a3a:m, ~TO CTa6n~,nOCT~, coe~lI~nerm~ 
Cu(NCS)zL~ c L = nnKosmn H~rl YlyTI;I]IFIH, FIMelOI~I, IX MeTI, IYlbHylO rpynriy B HOYIOTKeHFIFI 2, 
3aMeTno aage  B no~epxnocrrI~IX czosx. 1/13 aarmofi ceprm coe~Hnennn Cu(NCS)~ (nnpr~nn)~ n 
Cu(NCS)2 (3,5-ayTrIZan)~ nora3~mamT aria~ornaHs~ xo~ repMn~ecxoro pa3sio)Kemm B ax- 
Moc~epe a30Ta no 600 ~ O6cyz(ae~a CTeXHOMeTp~ TepMr~qecKoro pa33~ogeHHn 3TFIX coe~Fl- 
HelqrI~. 
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