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Abstrac t  

The stoichiometry of thermal decomposition and the thermochemistry were studied for 
[NiL4(NCS)2] (1) as a host complex, and for its clathrates of type [NiL4(NCS)2I'2G, where L=4-  
ethylpyridine and guest molecule G= 1-methylnaphthalene in elathrate (II), 1-ehloronaphthalene 
in (1II) or 1-bromonaphthalene in (IV). For I, the loss of volatile components proceeds in three 
steps (-2L, -L, -L); the first steps for II-IV also involve the release of G (-2G, -2L). DSC and 
X-ray powder measurements indicated a phase transition in the host lattice, and allowed differ- 
entiation of the escape of G and L molecules. The enthalpy changes give the following sequence 
of thermodynamic stability for the studied chlathrates: I>ll>lll. 
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Introduction 

Interest in Werner clathrates was stimulated by Schaeffer and co-workers 
[1], who reported a new method for the separation of various aromatic com- 
pounds from petroleum fractions. Numerous clathrates of the most versatile 
type [Ni(4-Mepy)a(NCS)2].nG have been investigated by X-ray structure analy- 
sis and other methods [2]. 

�9 The clathrating ability of a host complex [MX2L4] depends on its molecular 
structure and, in particular, on the nitrogen-containing ligand L coordinated to 
M. The ability to act as a host complex is ascribed to the remarkable freedom 
of rotation of the pyridine ring around the Ni-N bond [2], the complex being 
able to adjust its molecular shape according to the size and shape of the substi- 
tuent on the incoming guest molecule. The present paper reports structural and 
thermochemical properties of new clathrates with an ethyl substituent on the 
host component. 
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A number of problems relating to guest-host effects may be solved by study, 
~ng the thermally induced release of the G molecules and by correlating these 
data with the crystallochemistry and structure of the host complex. 

Relations between the thermal, spectral and structural properties of Werner 
clathrates of the above type were presented previously [3-5]. Thermal analysis 
results (TG, DTG and DSC) have now been used to study: 

i) the stoichiometry of thermal decomposition of clathrates [Ni(4- 
Etpy)a(NCS)2].nG (G = naphthalene derivatives), 

ii) the temperature at which the guest molecules are released, and the ther- 
mochemistry of these reactions. 

The study of thermally induced reactions of guest release, and application of 
the results to other host complexes, may be expected to facilitate the syntheses 
of new complexes with host lattices exhibiting specific selectivities towards dif- 
ferent isomers [6, 7], and subsequent recovery of the isomers. 

E x p e r i m e n t a l  

The clathrate complexes [Ni(4-Etpy)4(NCS)2].nG, where G is 1-methyl- 
naphthalene (1-MeN), 1-chloronaphthalene (1-CIN) or 1-bromonaphthalene (1- 
BrN), were prepared from ethanolic solutions, similarly as described 
previously [4, 5]. The products were checked for Ni, C, H and N contents (Ta- 
ble 1). 

The TG and DTG curves were recorded on a Paulik-Paulik-Erdey deriva- 
tograph (type OD 102, MOM, Budapest) in air atmosphere. Standard platinum 
crucibles, a sample mass of 100 mg and a heating rate of 5~ min -1 were used 
for all measurements. 

For calorimetric study of the decomposition reactions, the Perkin-El- 
mer Differential Scanning Calorimeter DSC-7 was used (the null-balance 
power compensating principle, a sample mass of 7-8 mg, pure nitrogen, and a 
scanning rate of 10~ min-l). Calibration of the temperature and change of en- 
thalpy axes was made with pure indium, with melting point 156.6~ and 
AfH=28.47 J g-l. 

Results and discussion 

Stoichiometry of thermal decomposition of clathrates 

We recently reported [5] that the clathrates [Ni(4-Mepy)4(NCS)2].nG (G = 1- 
MeN, 1-BrN, 2-MEN and 2-BrN) undergo thermal decomposition in three 
steps, involving the release of both guest and ligand molecules. When similar 
experimental conditions were applied to [Ni(4-Etpy)4(NCS)2].nG, (G= 1-MeN, 
1-CIN and 1-BrN), a stepwise decomposition mechanism was similarly ob- 
served. 

J. Thermal Anal., 46, 1996 
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Fig. 1 TG and DTG curves of [Ni(4-Etpy)4(NCS)2] (1) 

The TG and DTG curves of the host complex (I) and the studied clathrates 
(II-IV) are shown in Figs 1-4. Figure 1 reveals that the thermal decomposition 
of I (under dynamic conditions) proceeds in three distinct steps in the tempera- 
ture range 70-300~ The first step corresponds to the release of 2 moles of 4- 
Etpy per mole of starting complex, while the other two each reflect the release 
of 1 mole of 4-Etpy. The results are summarized in Table 2. It is worth noting 
that under similar conditions the ligands L escape from the complex 
[NiL4(NCS)2] (L=4-Mepy) in a four-step process (-L, -L, -L, -L). 

The initial steps and peaks in the TG and DTG curves, respectively, for the 
clathrates under study (Figs 2-4) indicate a more complex thermal decomposi- 
tion; the stoichiometry can be expressed by the following scheme: 

INiL4(NCS)2].2G(s) AT. -(2G+2L)(g), -L(g), -L(g) 
(L=4-Etpy) 1st step 2nd step 3rd step 

J. Thermal Anal., 46, 1996 
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dm 0 
dt 

C 

-1(" 

-21 

[NiL~(NCS)2]. 2(I-BrN) ~k/180 

-5~ 

NiL2(NCS)z 

- 7 0 -  NiL(NCS)2 

"~ -80- Ni(NCS)2 

~r _ 900 50 100 150 200 250 300 
remperoturel*C 

Fig. 4 TG and DTG curves of [Ni(4-Etpy)4(NCS)2].2(I-BrN) (IV) 

The first step involves the release of a proportion of the L molecules besides 
the G molecules [4, 5]. However, the acquisition of more detailed information 
on these partial processes requires the application of other methods too. 

The decomposition of all the studied clathrates at higher temperatures pro- 
ceeds similarly to that of I (-L, -L), with DTG peaks at ca 250 and 290~ (ex- 
cept for compound IV, with peaks at 230 and 270~ For elucidation of the 
different effects included in particular in the first step, DSC measurements were 
used. 

Thermochemistry of studied processes 

DSC data on the studied compounds are listed in Table 3. The DSC curve 
(Fig. 5) of I exhibits maxima at 207, 246 and 276~ The maxima correspond 

J. Thermal Anal., 46, 1996 
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to the release of 2 + 1 + 1 moles of L, respectively, per mole of I. In contrast, 
the curves obtained for II-IV indicate a strong effect in the interval 106-137~ 
where the mass loss is just starting. This effect is assumed to be connected with 
the liberation of G molecules and a phase transition of the host complex [4]. 
The above processes were confirmed by means of powder diffraction patterns. 

For example, when heated in the range 115-119~ and then cooled to room 
temperature, II gives a compound whose diffractogram differs from that re- 
corded for the initial clathrate II, but is much more reminiscent of that recorded 
for the host complex I. The small differences may be connected with either a 
phase transition or the existence of a mixture of two isomeric forms of the initial 
complex [Ni(4-Etpy)4(NCS)2] [7]. 

Two further effects in the interval 119-202~ correspond to the escape of 
2 moles of naphthalene derivatives and 2 moles of L (for IV, these two pro- 
cesses overlap). The last 2 moles of L escape in two steps in the interval 
202-284~ (Fig. 5). 

, . ,  

7~ I _ . . ~ 2 L  j . ,  IL ~IL 

A E -2(I-MeN) 

_o -IL 
,,- -IL 

t 
III 

~ -2(1-BrN) -21_ -1L IV j ~ 

I I I I I I I 
60 90 120 150 180 210 240 270 300 

Temperature/*C 
Fig. 5 DSC curves of [Ni(4-Etpy)4(NCS)2] (I) and [Ni(4-Etpy)4(NCS)2].nG clathrates 

[G= I-MeN (II), 1-C1N (III), and 1-BrN (IV) 

The enthalpic changes (A/-/) corresponding to the individual processes are 
given in Table 3. Numbers 1-5 are assigned to the following effects: 

(!) The liberation of G from the host lattice and a phase transition. The val- 
ues of zSJ-/(~) for these effects are somewhat different, increasing in the sequence 
(as concerns G) 1-MeN<I-CIN<I-BrN. 

(2) The escape of G. The values of AH(2) decrease with the rise in volume of 
G: 1-MeN>I-CIN>I-BrN. 

J. Thermal Anal., 46, 1996 
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(3-5) The escape of L. The release of G causes destruction of the host struc- 
ture [6] to different extents. This is illustrated by the AH(3), AH(4) and AH(5) val- 
ues for the thermal decompositions of the respective clathrates at higher 
temperatures (Table 3). Smaller defects due to a structure rearrangement are 
presumed for the 1-MeN clathrate, inasmuch as similar values of AH(3), AH(4) 
and AH(5) were observed for I and II. For III and IV, the values of AH(3) and 
AH(4 ) are very close. 

Conclusions 

The thermal effects accompanying the escape of G molecules indicate that 
the thermodynamic stability of the studied clathrates [Ni(4-Etpy)4(NCS)2].nG 
decreases in the sequence 1-MeN>I-CIN>I-BrN. The differences in thermody- 
namic stability and clathration selectivity are assumed to have their roots in dif- 
ferent intramolecular guest-host interactions in the studied clathrates [5]. These 
interactions affect the stoichiometry of the thermal decomposition and the en- 
thalpic changes accompanying the escape of  different guests from the given host 
complex, and also the ligand-ligand interactions in the hvst complex. 
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