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The influence of the position of the CH~ group in picoline and lutidine ligands on 
the degree of chemical change of the NCS groups in coordination compounds of the 
type Cu(NCS),,L 2 (where L = 2-, 3- and 4-picoline, and 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 
3,5-1utidine) is dealt with. The most  marked effect of the CHz group is found to be 
exerted in position 4. This effect of the methyl group on the degree of chemical change 
points to the mutual influence of the ligands in coordinat ion compounds of Cu(II). 

In a previous paper [l] we reported the thermal properties of thiocyanato- 
copper(ll) complexes with all isomeric forms of picolines and lutidines. From 
the series of compounds studied, only Cu(NCS)2(3,5-1ut)., shows a rather similar 
course of thermal decomposition to that of the complex Cu(NCS)2(py)2. In these 
compounds the release of the heterocyclic base and the polymerization and de- 
composition reactions of the NCS groups take place in separate steps. The other 
complexes studied exhibit a very complicated thermal decomposition up to 300 ~ 
At higher temperatures, 300- 600 ~ the DTG curves are linear and the TG curves 
show only a uniform loss of weight of the sample with temperature. The inter- 
mediates of thermal decomposition after the first step have non-stoichiometric 
composition. From the composition and some physico-chemical properties of 
these intermediates we may suggest the influence of the position of the methyl 
substituent in the ligand L on the degree of chemical changes of the NCS groups 
in the thermal decomposition of coordination compounds of the type Cu(NCS)2L2, 
(where L = 2-, 3- and 4-picoline, and 2,3-, 2,4-, 2,5-, 2,6-, 3,4- and 3,5-1utidine). 

Experimental 
Preparative aeTd analytical methods 

Thiocyanatocopper(II) complexes of composition Cu(NCS)2L2 were prepared 
according to [4]. The intermediates of the first step of thermal decomposition 
were obtained by thermal degradation (to ~300 ~ of the initial compound in a 
nitrogen atmosphere until the respective weight was reached (according to the 
thermal curves) (Table 1). 
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The Cu contents o f  the intermediates were determined complexometrically 
[2], and the N and C contents by using organic analyses. The S contents were 
measured gravimetrically as BaSO~, after oxidation with c o n c e n t r a t e d  HNO~ 
and HC1 in a solution o f  KI  [3]. The results are listed in Table 1. 

Table 1 

The substance released from the starting compound and the analytical composition of 
the intermediates 

Compound 
Cu(NCS)zLe 
L=  

3,5-1ut 
2,5-1ut 
3-pic 

2-pic 
2,6-1ut 

2,3-1ut 
2,4-1ut 
3,4-1ut 
4-pic 

Loss of 
weight, 

59 
64 
58 

61 
64 

61 
61 
64 
61 

Cu 

39.02 
44.24 
39.78 

42.35 
43.47 

40.10 
37.51 
38.77 
42.49 

Components, ~oo 

c 

14.54 
14.86 
17.90 

18.34 
16.93 

20.35 
23.59 
27.08 
23.23 

Cu 

1.00 
1.00 
1.0o 

1.00 
1.00 

1.00 
1.00 
1.00 
1.00 

Atom ratio 

S N 

27.78 16.65 
23.68 13.49 
23.30 17.29 

20.10 16.86 
19.42 15.79 

16.20 14.77 
14.98 12.79 
14.65 16.20 
13.22 16.21 

1.41 
1.16 
1.06 

0.94 
0.89 

0.80 
0.79 
0.75 
0.62 

N C 

1.94 1.97 
1.38 1.78 
1.38 1.78 

1.81 2.29 
1.65 2.06 

1.67 2.69 
1.55 I 3.33 
1.90 3.69 
1.73 2.89 

A p p a r a t u s  

The thermal decomposi t ion was studied with a der ivatograph (MOM,  Hungary)  
[5]. The crucible used was 14 m m  in diameter and the thermocouple  was Pt/ 
P t -Rh.  The 100 mg sample was powdered (grain size below 0.06 mm). The heating 
rate was 9~ the temperature range being 2 0 - 6 0 0 ~  measurements were per- 
fo rmed in a nitrogen atmosphere.  

The X-ray powder  diffractograms of  the intermediates were taken with a G O N  
I I I  diffractograph (Chirana, Praha). CuK~ radiat ion and a Ni filter were used. 

The infrared absorpt ion spectra o f  the intermediates were measured in Nujo l  
uspension, using KBr  windows, in the range 2 0 0 0 - 2 4 0 0  cm -1, with' a U R - 2 0  
spec t rophotometer  (Zeiss, Jena). 

R e s u l t s  

Analytical  evaluation o f  the intermediates o f  the complexes under  investiga- 
t ion (Table 1) showed that only that  o f  Cu(NCS)2(3,5-1ut)2 may  be expressed 

by the formula  Cu2S3(CN)~; this was analytically demonst ra ted  as an intermediate 
f rom the thermal decomposi t ion o f  e-Cu(NCS)2(py)2 in [6]. In  all other cases 
the compounds  were found to  be o f  non-stoichiometrie composi t ion.  
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As Table  1 shows, the  in termedia tes  may  be divided according  to their  su lphur  
conten t  into three groups .  The first g roup  covers  the  in termedia tes  f rom the 
compounds  with 3-pic, 3,5- and  2,5-1ut; the  second f rom those wi th  2-pic and  
2,6-1ut; and  the th i rd  f rom those with 4-pic, 3,4-, 2,4- and  2,3-1ut. I t  was found  
that ,  t hough  be longing  to the same group ,  the in te rmedia tes  exhibit  different 
phys ico-chemical  proper t ies .  

Powder-diffractograms of intermediates from thermal decomposition 

The diffract ion angles in the powder  d i f f rac tograms o f  the thermal  decompos i -  
t ion in termedia tes  are l isted in Table  2. I t  fol lows f rom this Table  tha t  the diffracto-  
g rams  o f  the  first g roup  o f  in termedia tes  differ f rom the others  by  the missing 
diffract ion o f  20  = ~ 1 1 - 1 5  ~ and 28 ~ and  by  the diffract ions presents  at  2 0  = 
= ~ 1 6  ~ ~ 3 5  ~ and ~ 5 0  ~ Only for this g roup  o f  in termedia tes  were all the  
reflections be longing  to  C u N C S  observed.  The remaining  intermediates  may  
again  be divided into two groups  according  to  the diffract ions wi th  angles 2 0 = 
= ~ 2 9 . 5  ~ ~ 3 8  ~ and ~ 4 8  ~ The in termedia tes  o f  Cu(NCS)2(2,3-1ut)2 appears  
to form a t rans i t ion  between the second and  the th i rd  groups .  A n  in te rmedia te  
exhibi t ing diffract ions at  20  = ~ 3 0  ~ and  ~ 4 8  ~ may be assigned to the second 
goup,  bu t  the  missing diffract ion at  2 0 = ~ 33 ~ shifts it to the th i rd  one. 

Table 2 

The diffraction angles of X-ray powder diffractograms in the intermediates of thermal 
decomposition 

o 
& 
r 

BI) 

e- 
.o 
"6 

ICuNCS I n t e r m e d i a t e  of  the rmal  decompos i t ion  of  c o m p o u n d s  Cu(NCS),zL~ for 

I 3 5-1ut I 2,5-1ut 3-pic 2-pic I 2 6-1ut 2,3-1ut 2,4-1ut 3,4-1ut 

16.1 16.3 
27.2 27.3 

29.3 
31.8 

32.6 32.7 
34 6 34.7 

47.2 47.1 
48.0 

50.1 50.1 

16.! 
27.1 

29.2 
31.7 
32.6 
34.8 
46.1 
47.0 
48.0 
50.0 

1 6 . 2  
27.2 

29.2 
32.0 
32.7 
34.8 
46.2 
47.1 
47.9 
50.0 

11--15 

27.0 
27.8 
29.4 
31.9 
32.9 

46.3 

48.0 

I 
11--15 

27.2 
27.9 
29.4 
31.9 
33.0 

46.3 

48.0 

11--15 

27.2 
27.9 
29.5 
32.3 

46.3 

48.0 

11--15 

27.3 
27,9 

32.4 

46.3 

11--15 

27.2 
27.7 

32.2 

- I L 

4-pic 

11--15 

27.2 
27.7 

32.1 

46.0 

The infrared spectra of the thermal decomposition intermediates 

The presence o f  the  th iocyana te  g roup  in the in te rmedia tes  was inves t iga ted  
by means o f  their  inf rared  absorp t ion  spectra.  I t  was found  (see Fig.  l )  tha t  only  
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for the first group of thermal decomposition intermediates were two absorption 
bands observed, at 2180 and 2115 cm -1. The intermediates of compounds with 
2-pie and 2,6-1ut showed only very weak bands, while for those of  the third group 
no bands could be observed. 
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Fig. 1. Absorption bands of the valence vibration ~(CN) in intermediates of thermal decomposi- 
tion of compounds Cu(NCS)2L2, L being a) 3,5-1ut, b) 3-pic, c) 2,5-1ut, d) 2,6-1ut, e) 2-pic, 

f) 2,3-1ut, g) 2,4-1ut, h) 3,4-1ut, k) 4-pic 
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The gradual extinction of  the absorption bands in the shown order of  the 
intermediates indicates, in agreement with the results of  phase analysis of the 
powder diffractograms, that the greatest destruction of  the thiocyanate group 
occurs in the last group. 

Evidence of the presence of  a polymeric NCS group in the thermal decomposition 
intermediates 

Evidence of the presence of  the polymeric NCS group was given by reaction 
of  the thermal decomposition intermediates with concentrated HNO3, according 
to [7]. In the case of  a positive reaction sulphur is deposited from the solution 
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in the form of  a yellow insoluble residue. The results obtained (]'able 3) confirmed 
the conclusions from the foregoing measurements and showed that only the 
intermediates of  the first group contain the polymeric thiocyanate group. 

Discussion 

From the physico-chemical properties of the thermal decomposition intermedi- 
ates, the starting Cu(iI) compounds may be divided into three groups: 
1. compounds with 3-pic, 3,5- and 2,5-1ut; 
2. compounds with 2-pic and 2,6-1ut; 
3. compounds with 4-pic, 3,4- and 2,4-1ut. 

The intermediate of  Cu(NCS)2(2,3-1ut)z cannot be assigned unambiguously 
to the 2nd or the 3rd group. Its exceptional position is apparently due to the fact 
that this compound exhibits a different stereochemistry [4]. The presence of copper 
thiocyanate and the polymeric thiocyanate group was indicated only for the inter- 
mediates of  the 1st group. For the intermediates of the other compounds the 
degree of decomposition of  the thiocyanate group is higher. 

The presence of picoline ligands in each of the three groups indicates not only 
that the methyl substituents influence the course of thermal decomposition, 
but also that their action is individual and depends on their position on the pyridine 
ring. The greatest decomposition of the thiocyanate groups, shown also by the 
lowest content of sulphur in the intermediate, occurs in Cu(NCS)2(4-pic)z. The 

Table 3 

Results of reactions intermediates of thermal decomposition with concentrated HNO~ 

In termedia te  o f  Colour  of  the Resul ts  of  the react ion with concentra ted HNO:~ 
Cu(NCS)~L2 for in termediate  

L =  

3,5-1ut 
3-pic 
2,5-1ut 
2,6-1ut 
2-pic 
2,3-1ut 
2,4-1ut 
3,4-1ut 
4-pic 

Cinnamon brown 
Dark brown 
Black 
Black 
Black 
Black 
Black 
Black 
Black 

Blue solution + yellow insoluble residue 
Blue solution + yellow insoluble residue 
Black-brown solution + yellow insoluble residue 
Black-brown solution 
Black-brown solution 
Black-brown solution 
Black-brown solution 
Black-brown solution 
Black-brown solution 

influence of  the position of the 4-methyl substituent is apparently so marked tha 
an analogous course of thermal decomposition is observed even in cases when 
the pyridine ring also has methyl substituents at positions 3 or 2. 

As regards the order of the influence of the position of the methyl substituent 
on the course of the thermal decomposition, division of  the compounds into 
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the above groups shows that position 3 exerts a decisive influence on the thermal 
decomposition course, even when there is another substituent at position 2. 
It further shows that position 2 also exerts a specific influence on the thermal 
decomposition course of the compounds under investigation, but this influence 
is the weakest of  the three. 

Our studies to date [1, 4, 8] of the properties of  thiocyanatocopper(II) com- 
plexes with all isomeric forms of picolines and lutidines show that, though 
the 2-methyl substituent has the weakest influence on the chemical changes of  
the NCS groups during the thermal decomposition, it does have a decisive in- 
fluence on the stereochemical and redox properties of  the studied compounds. 
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R t ~ S U M t ~  - -  L'article a trait ~t l'influence de la position du groupe CHa dans les picolines et 
lutidines, en tant que ligands, sur le degr6 des changements chimiques des groupes SCN 
dans les compos6s de coordination du type Cu(SCN)2Lz (L ---- 2-, 3 et 4-picoline, 2,3-, 2,4-, 
2,5-, 2,6-, 3,4- et 3,6-1utidine). L'effet le plus prononc6 du groupe CH3 s'observe en position 
4. Cette infuence du groupe m6thyle sur le degr6 des changements chimiques indique aussi 
i'influence mutuelle des ligands dans les compos6s de coordination du Cu(II). 

ZUSHMMENFASSUNG - -  Der Artikel befaBt sich mit dem Einfluf5 der Lage der CH3 Gruppe 
in Pikolinen und Lutidinen als Liganden auf den Grad der chemischen ,~nderungen der 
Gruppen NSC in Koordinationsverbindungen des Typs Cu(NCS)~L~ (L = 2-, 3- und 4-Piko- 
line, 2,3-, 2,4-, 2,5-, 2,6-, 3,4- und 3,5-Lutidine). Der ausgepr/igteste Effekt der CH a Gruppe 
wurde in der Position 4 beobachtet. Dieser Einflug der Methylgruppe auf das AusmaB der 
chemischen ,~nderungen deutet auch auf die gegenseitige Wirkung der Liganden in Koordina- 
tionsverbindungen von Cu(II). 

PeaK)Me - -  YCTa, I-IOBYleHO BYttt~IHI4e nO~O)KeHH~ MeTI4.rIbHO~I rpynnbi B nrlroYlrtnax rI ;tyTH~rlnax, 
•ar artran~oa, Ha cTeneni, X!4MI~IqeCK/rIX iei3MeHei-ii, i~ rpynn NCS a roop~rluat~Houx~I, Ix coe~nue- 
nriax Trma Cu(NCS)2L~, r~Ie L = 2-, 3- rI 4-rim~oni~ri, 2.3-, 2.4-, 2.5-, 2.6-, 3.4- n 3.5-nyTrI~aa. 
Hafi~eHo, RTO na~t6onee apKo Bbipa>rennoe BflI4~IHHe MeTgnl, no~ rpyimu npO~Bn~eTC~ B nono- 
:~[(eHn~I 4. Taroe Bni, i~tni~ie MeTI/IJIbHOH rpynm,i na cTenel-Ib XHMI, IqeCKHX HBMeHeHg~ yKa3mBaeT 
na COBMeCTHOe ~au~nue n~rai~oB B roop~rmaUaOHHbtX coe~riuermflx Cu(II). 
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