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In this study the thermal decomposition of compounds with the formula Ni(NMIz), X,
(NMIz = N-methylimidazole, n= 6,4, 2 or 1 and X = Cl, Br or I) has been investi-
gated with the aid of differential scanning calorimetry (DSC), thermogravimetry (TG),
evolved gas analysis (EGA) and X-ray powder diffraction in the temperature region
20— 500°. The reaction steps were obtained with TG. The intermediate products of
the reactions were also confirmed by high-temperature Guinier-de Wolff X-ray photo-
graphs.

The decomposition enthalpies were calculated from differential scanning calorimetry
analysis. The enthalpies were compared with the data from a previous study of the imid-
azole compounds in order to get more information about the hydrogen bonding in
the imidazole compounds. The hydrogen-bonding is stronger for smaller anions and
decreases the decomposition enthalpy for imidazole compounds. The decomposition
enthalpy of N-methylimidazole compounds is hardly influenced by the anion size.

In nature the linkage between imidazole ligands and transition-metal ions is of
great importance, since many metalloproteins contain metal ions coordinated by
the imidazole side-chain of histidine. This type of interaction occurs especially
with Zn(lI), Fe(Il), Fe(IIl), Cu(I) and Cu(Il) [1, 2].

During the last decade a large number of model coordination compounds
containing imidazoles and substituted imidazole ligands have been investigated,
both spectroscopically and magnetically [3, 4], and also by X-ray analyses [4—9].

However, the number of thermochemical analyses on these compounds has been
limited so far. Only recently have studies been reported for Co, Ni [10—13] and
Pd [14]. This study can be considered as an extension of earlier work on the sys-
tem Ni-imidazole [11, 13]. Nickel(IT} compounds were selected because they can
be prepared pure in high yields and occur as well-defined species. Moreover, Ni(II)
is not very sensitive for redox reactions. Related work in our laboratory has shown
that in the case of copper compounds redox reactions interfere strongly with ligand
dissociation reactions, making study very difficult [15].

We have selected N-methylimidazole for the present study. In natural systems
the imidazole ligand not only acts as a base, by using its sigma free-electron pair
(to accept protons or metal ions), but can also act as a hydrogen-bond donor to
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other bases. This phenomenon is known to be responsible for the stability of many
systems, but also for many catalytic reactions.

By comparing the thermal analytical results for a group of similar imidazole and
N-methylimidazole compounds, we hope to be able to separate the hydrogen-bond
effects from the coordination effects.

Experimental

Compounds with the general formula NiL, X,(H,0), (L = N-methylimidazole
and X = Cl, Br and I) were prepared as described elsewhere [16], except NiL,Cl,,
which was prepared by heating NiL,Cl,(H,0), up to 140°. The compounds were
characterized by chemical nickel analysis, UV, VIS, IR and FIR spectroscopy and
X-ray analysis.

Differential scanning calorimetry

The 910 Differential Scanning Calorimeter (DSC) of Du Pont Instruments was
used. The instrument was calibrated with indium during or after each series of
measurements of one compound. The samples, with a weight of about 4 mg, were
heated in aluminium sample cups at a heating rate of 5°/min in a high-purity nitro-
gen stream (20 ml/min) which contained less than 2 ppm oxygen [11].

Heats of reaction were obtained with the relation Q = K | AT dr = K4, in
which Q = the heat of the reaction in mJ, K = a constant expressed in mJ/inch?,
which depends on the recorder sensitivity, and 4 = the peak area expressed in
inch?

Thermogravimetric analysis

A symmetrical thermobalance [11] was used under the same experimental con-
ditions as for the DSC experiments and with the same sample cups. This instru-
ment was used for accurate determination of the weight losses of the reaction steps.

Thermogravimetric analysis|/Differential thermal analysis|Evolved gas analysis

~ A TG/DTA apparatus from Sartorius-Werke GMBH and a Topatron B from
Leybold-Heraeus were used for simultaneous analysis of the weight loss, the heat
changes and the composition of the evolved gases during the thermal decomposi-
tion.

The samples, weighing about 5 mg, were heated in a helium stream (20 ml/min)
at a heating rate of 6°/min. At least one scan of the mass spectrum was made every
three minutes.

High-temperature Guinier-de Wolff photographs

The diffraction patterns were obtained using a standard high-temperature Gui-
nier-de Wolff camera with Cu- - Ka radiation. The samples were heated at a heating
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rate of 0.5°/min in a nitrogen stream. The line patterns obtained as a function of
the temperature were compared with known patterns of pure compounds of
NiL_ X, and NiX,.

Results

Figures 1—4 represent, respectively, the TG and DSC decompositions of the
following compounds: NiLyCl,(H,0),, NiL Bry(H,0),, NiL,Cly(H,0), and
NiLgBr, (L = NMIz = N-methylimidazole). These Figures show some of the most
characteristic decomposition curves. In the DSC decomposition curve of
NiLBry(H,0), (Fig. 2), it is impossible to draw a base-line, because the decompo-
sition reaction starts already at room temperature. During the heating of the
samples, the compounds decompose in several steps, which were calculated from
TG analyses and were observed via high-temperature X-ray analyses. Table 1 re-
presents these steps. In Table 2 the decomposition steps (column 2), which are
(almost) completely separated from each other, are listed. For each of these steps
Table 2 gives the temperature region (column 4), the calculated and experimentally
determined weight loss percentages (columns 6 and 7) and the decomposition en-
thalpy per mol ligand L, AH; (last column). Column 3 gives the sample size relating
to the temperature region. The number of samples (columns 5 and 8) is the number
of experiments for which the experimental weight loss percentage, the decomposi-
tion enthalpy and their standard deviations in parentheses are calculated.

The decomposition reactions can be interpreted using the following general
reaction equations (s = solid, g = gas):

NiL,X5(H50),(s) = NiLXy(s) + xH0(g) (1
NiLnXZ(HZO)x(S) - NiLn—pXZ(s) + pL(g) + XH2O(g) (2)
NiL,X(s) = NiL,_,Xo(s) + pL(g) (3)
Table 1
Decomposition scheme of nickel(I) N-methylimidazole halo-
genides
o ' I Number of ligands L*
Complex — J— e o e
C6L | 4L | 20 | 1L | 23L ]| oL
NiL,Cl,(H,0), + ! + + + +
NiL,Cl, i I S e S A S
NiL,Cl,(H,0), \ I R A
NiLCl, ( + +
NiLBr,(H,0), + | + + + | +
NiL,Br, | + + ‘ +
NiLBr, + |+
NiLL, + ‘} +

* 4+ means that this stoichiometry has been determined.
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In the first reaction (1), the decomposition enthalpy is calculated per mol H,O,
so AH, = AHy o = AH|x.
The enthalpy of reaction (2) is listed in Table 2 as enthalpy per x mol H,O + p
mol L, AH;, = AH.
The reaction enthalpy of reaction (3) is calculated per mol L, so AH; = AH|p.

Table 2

The decomposition temperatures, percentages and enthalpies of separated or almost separated
decomposition steps in compounds NiL,X,(H,0),

TG DSC
Q
E Temp. re- |num- weight loss S §
Compound Step % w gion, °C_ |ber of o E g AHp+
g g sam-| calc., g s kJ/mol L
3 ples A exp. . % g
NiL,Cly(H,0); | 6L(H,0),—4L [ 4 | 70—165 | 4 | 304 | 30.2(1.9) | 5 | 256 (10)*
4L—1L 165—-250 | 5 | 37.4 1372005 | 6 | 89 (2
1IL—»O 310—380 | 5 | 12.5 | 13.0(0.8) | 6 | 120 (3)
NiL,Cl, 4L—~1L 4 |105—260 | 3 | 53.8 | 353404 | 4| 91 (2
1iL—»0 300—380 | 3 | 17.3 | 18.2(0.1) | 4 | 116 (4)
NiL,Cly(H,0), | 2L(H,0),—»2L | 6 | 40—150 | 3 | 10.9 | 11.1(0.3) | 5 | 67 (1)**
2L—1L 150—-240 | 3 249 | 246(0.1) | 5 71 (1)
iL—»O 260—385 | 3 | 249 | 2490.1) | 5 | 126 (8)
NiLCl, 1L-0 6 280—390 | 3 38.8 | 384(1.0) | 5 | 117(2)
NiL,Br,(H:0), | 6L(H,0),—2L | 5 | 35—255 | 4 | 48.8 | 48.9(0.3) | — -
2L-0 255—360 | 4 | 22.0 | 21.7(0.7) | — —
NiL,Br, 2L—0 3 | 160—380 | 2 | 429 | 42607 | 5| 97()
2/3L—-0 350—380 | 1 143 | 14.2 5 | 106 (4)
NiLBr, 1L—-0 5 1230-370| 3 | 273 | 27.10.1) | 5 | 111 (3)
NiL.I, 6L—0 25 | 130-350 | 3 61.8 | 63.1(0.4) | 4 | 100 (5)

* enthalpy per 2 mol Hy,O + 2 mol L
** enthalpy per mol H,O
+ uncertainties are indicated in parentheses

Table 3

Melting points and melting enthalpies of NiL,X, compounds

Compound | Temperature, N:;f;lref f kJ/mofziLzXz
NiL,Cl, 175 5 a
NiL,Cl, 200 3 21 (1)
NiL,Br, 190 5 26 (1)
NiL,I, 175 1 a
NiLBr, 270 5 14

a: not determined
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A few compounds show melting points. They are listed in Table 3. For some of
these melting reactions the enthalpy has been calculated. Column 3 gives the num-
ber of experiments for which the melting enthalpy and its standard deviation are
calculated.

The high-temperature X-ray photographs were used to compare the line patterns
and relative intesities in order to get information about the starting compounds,
intermediate products and residues. The following starting compounds have the
same line patterns with the same relative intensities,and can therefore be considered
to be X-ray isomorphous:

NiLX(H50), X = Cl, Br

NiL,X,(H,0), X =Cl, Br

NiLsX, X =ClLBrI

NiLX, X=Cl,Br

NiLy/3Xs X = Cl, Br.
Discussion

The intermediate and final decomposition products represented in Table 1 were
deduced from TG analyses and high-temperature Guinier-de Wolff photographs.
Owing to the different heating rates and the quite different geometries of the sample
holders or cups in the two techniques, the decomposition reactions need not a priori
be identical.

For example, when NiL,Br, is heated in a closed cup with a small hole in the
lid, NiLBr, is not found but NiLy;Br, is formed (Fig. 4). If NiL,Br, is heated in an
open cup at a low heating rate (<0.5°/min) the first decomposition product is
NiLBr,, while the next product is NiBr,. These and other analyses clearly show
that the temperature region, in which the decomposition reaction proceeds, depends
strongly upon the experimental conditions.

From a comparison of the TG and the high-temperature X-ray results of the
decomposition of NiLyCly(H50)y =~ NiL,Cl, % NiL,Cl, with each other, the
following temperature regions were found:

step 1: 70—165° (TG) and 35—70° (X-ray)
step 2: 165—250° (TG) and 70~ 100° (X-ray).

Besides the geometrical conditions, the temperature region also varies with the
sample size. The consequences are that listing of temperature regions is hardly
useful if sample size, geometry of the sample cup and other experimental conditions
are not presented too.

The high-temperature Guinier-de Wolff X-ray photographs of the decomposi-
tion products were compared with the X-ray photographs of the prepared inter-
mediate compounds. They were the same, except for the decomposition products
NiL,Cl, and NiL,Cl, obtained from NiLyCly(H;0),. These products gave different
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line patterns compared with the prepared complexes NiLgCl, and NiL,Cl,. The
origin for this is not clear. The high-temperature X-ray photograph of
NiLgBry(H,0), indicated that a decomposition product must exist between NiL4Br,
and NiL,Br,, but TG analysis under X-ray conditions and also DSC analysis gave
no evidence for the existence of an intermediate compound, as suggested ear-
lier [13].

The EGA of NiL4Cly(H;0), indicated that this compound first loses part of the
water, so that the compound is no longer stable and loses two ligands together with
the rest of the water. The same decomposition was expected for NiLBry(H,0)s,,
but in this case EGA showed that this compound loses water in an almost com-
pletely separate step from the loss of ligand L. This denotes that NiL,Cl, can not
exist without water, whereas NiLgBr, can. This is remarkable, because up to the
present NiL¢Br, could only be prepared with some lattice water [16]. An EGA of
NiL4I, demonstrated that CH;I was formed during the step NiL,I, — Nil,.
This product can only be formed by a reaction between L and iodine. It is not clear
whether this reaction occurs during the decomposition of the solid, or in the gas
phase, so that the influence upon the decomposition enthalpy is unknown. During
the decomposition of NiLCl,(H,0), no halogenated organic products are formed;
this was also checked with a sensitive high-resolution mass spectrometer [17].

The experimental weight losses in Table 2 are in good agreement with the cal-
culated amounts, except for NiLgI,, because this compound looses iodine. It is seen
from Table 2 that the standard deviation for the first step of NiLyCly(H,0), is
higher than the other standard deviations. This is probably due to water losses
during the evacuation of the sample compartment (to replace oxygen by nitrogen)
and to difficulties in drawing the base-line (see Fig. 1).

When the decomposition enthalpies of the corresponding steps for the chlorides
are compared with each other, they seem to be almost the same, except for the last
step (LL — 0) of the decomposition of NiL,Cly(H,0),. The value of this enthalpy
is probably too high, due to difficulties in drawing the base-line (Fig. 3). Neverthe-
less, it is clear that the last ligand in the chloride and bromide compounds has a
stronger binding energy than the other ligands, while the decomposition enthalpy
of the step NiL,Cl, - NiLCl, is rather low compared with the other steps. This
low enthalpy is affected by the change in coordination of the nickel ion. The com-
pounds NiL,X, (X = Cl, Br and I) have a tetrahedral nickel coordination [16],
while the other complexes have an octahedral coordination. The influence of a
change in coordination of the nickel ion on the decomposition enthalpy is also
found in the first decomposition step of NiL,;Cly(H,0),. The dehydration enthalpy
per mol H,O is rather high compared to the enthalpy of the corresponding imid-
azole compound [11].

During the dehydration the nickel coordination changes from octahedral to tet-
rahedral, while the octahedral nickel coordination of the corresponding imidazole
compound does not change to another geometry [18].

The calculated decomposition enthalpies of the overall reaction NiL,Xy(s) —
— NiX,(s) + nL(g) are listed in Table 4. Owing to the small differences in these
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Table 4

Enthalpies of the reaction NiL,X(s) = NiXy(s) + L(g) (s =
solid, g = gas)

Number of evolved ligands » in kJ/mol L

Anion
6L \ 4L | 2L | 1L
cl <90, 97 98 117
Br — — 97 111
1 100 — - -

* the H,O binding is assumed to be 52 kJ/mol H,O

values, it is clear that the influence of the anions on the binding enthalpies is small.
The overall decomposition enthalpy of NiL,Cl,(H,0), is calculated and the subli-
mation enthalpy of two mol H,O is subtracted to get the enthalpy for the hypo-
thetic reaction NiL¢Cly(s) — NiCly(s) + 6 L(g). The decomposition enthalpy for
this reaction is small compared to the other values. This is most probably due to
hydrogen-bonds between H,O and C1™.

Now the results for the NMIz (= N-methylimidazole) compounds will be com-
pared with the results for the Iz (= imidazole) compounds [11]. Tables 5 and 6
report the results of both investigations. In Table 5 compounds with the same
number of ligands and different anions are listed. From this Table it is clear that
the decomposition enthalpies of Iz compounds with the same number of ligands
(= L) become smaller with anions with a smaller radius. The influence of the anion

Table 5

Comparison of MNIz and Iz compounds with the same number of
ligands and different anions

. * N, *E
Compound kJ?chfL cocl)\i:;ilr(lzltion léc‘.ﬁlnljg?z coI:xl"c:lli(;;tion

NiL,Cl, 103 oct 90)+ oct
NiLBr, 111 oct —

NiLI, 117 oct 100 oct
NiL,Cl, 102 oct 97 oct
NiL,Br, 118 sq —

NiL,I, 122 sq —

NiL,Cl, 104 oct 98 tetra
NiL,Br, 109 oct 97 tetra
NiLCl, 109 oct 117 oct
NiLBr, 119 } oct 111 oct

* see ref. 18

** gee ref. 16
+ see Table 4
oct = octahedral, tetra = tetrahedral and sq = square planar
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Fig. 5. Bonds in NiL,;X, before and after the decomposition to NiX,

radius is not so clear in NMIz compounds, due to the small number of comparable
values. Nevertheless, it scems that the anion influence is small. The Ni(NMIz)X,
compounds even have a higher AH| for smaller anions.

In order to get an impression of the influence of the anion size on the AH;
values, it is necessary to consider which lattice changes occur during the decompo-
sition reactions. Figure 5 schematically shows the lattice changes during the de-
composition of NiL, X, — NiX, (n = 1, 2, 4; in the case n = 6, no Ni—X bond is
present).

Apart from the fact that existing bonds can be strengthened or weakened during
thermal decomposition, the following bond changes and corresponding heat effects
AH are expected to occur:

Ni—N +AH,
N-H...X + AH,
Ni—X — AH, .

The overall AH; value is composed of the following contributions:
AH;, = AH, + AH, — AH, ()]

AH, is the enthalpy necessary for breaking down the Ni— N bonds between nickel
and the imidazole ring, AH, is the enthalpy necessary for breaking down the
hydrogen-bridges between Iz and the chloride ion, N—H —X, and A4H, is the
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Table 6

Comparison of NMIz and Iz compounds with the same anion and a
different number of ligands L

Compound k;; rI:(I)zl’L coorjc:icrll(::ion l‘ ﬁJF/I gg‘lhi cooljé(i:rl:gion
NiL,Cl, 103 oct (90)+ oct
NiL,Cl, 102 oct 97 oct
NiL,Cl, 104 oct 98 tetra
NiLCl, 109 oct 117 oct
NiLBr, 111 oct —

NiL,Br, 118 sq —

NiL,Br, 109 oct 97 tetra
NiLBr, 119 oct 111 oct
NiLl, 117 oct 100 oct
NiL, I, 122 sq -

* see Table 4
oct = octahedral, tetra = tetrahedral and sq = square planar

enthalpy released during the formation of Ni—X bonds and the contribution of
a changing Ni—X distance (the values of 4H,, AH, and AH, are considered to
be positive).

From ligand field spectra it is known that the crystal field energy (Dq) hardly
varies when the anion size changes [18]. Thus, 4H; is assumed to be almost con-
stant for compounds with the same nickel coordination and different anions. It
is also known that hydrogen-bridges are stronger for smaller anions, so that AH,
becomes larger for smaller anions. The difference in sublimation energy between
Izand NMIz (Iz: AH,,, = 75kJ/mol and NMIz: AH,,, = 56 kJ/mol) is 19 kJ/mol
and gives an indication of the order of 4H,. The value of AH, is also influenced
by the anion size, because the energy released in the formation of Ni—X bonds
becomes larger for smaller anions. However, it should be realized that different
lattices may occur for different anions. Now it is clear that the differences in the
AH,- values caused by the anion size are essentially due to variations in 4AH, and
AH,,. The differences in AHp, for Cl and Br compounds with the same nickel coor-
dination lie between — 5 and — 10 kJ/mol Iz. Due to the negative sign before AH,
and to the fact that AH,, becomes smaller for smaller anions, it is evident that
the influence of AH, is larger than the influence of the hydrogen-bridges, represent-
ed by AH,.

For NM1Iz compounds Eq. (4) can be used too, but now AH, = 0 owing to the
absence of hydrogen-bridges. The differences in A Hyyy, for Cl and Br compounds
with the same nickel coordination lie between +1 and + 6 kJ/mol NMIz. These
differences are opposite to the differences in the imidazole compounds and can be
due to crystal lattice changes and to variations in the AH, values. One would
expect that the presence of hydrogen-bridges would raise the decomposition energy,
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but the different crystal-lattice appears to cause an opposite effect. Therefore, AH;
values for compounds with ligands having N—H groups cdnnot be compared in
detail with values for compounds with ligands without N—H groups.

In Table 6 similar data as in Table 5 are listed, but now compounds with the
same anions and different numbers of ligands are compared. From this Table it can
be seen that the number of ligands does not influence the decomposition enthalpy
much, except for the NiLX, compounds. The NiLX, compounds have larger de-
composition enthalpies. This cannot be due to hydrogen-bridges, because NMIz
cannot form these. The greatest difference with the other compounds is that the
ligand is surrounded by a much larger number of anions.

Table 6 also shows the influence of the nickel coordination. In compounds with
6, 4 or 2 ligands L, the influence of a tetrahedral coordination compared to an
octahedral coordination on the decomposition enthalpy seems to be small, while
a square planar coordination compared to an octahedral coordination gives a
higher decomposition enthalpy.

The overall decomposition enthalpy per mol ligand L is about the same for tetra-
hedral Ni(NMIz),Cl; and octahedral Ni(NM1Iz),Cl,, but the decomposition enthal-
pies of the separated steps (4L — 1L and 2L — 1L) shows a significantly lower
value for the tetrahedral compound (see Table 2).

During the decomposition step 4L — 1L the nickel coordination remains octa-
hedral, which means that three Ni— N bonds are replaced by three Ni— Cl bonds,
but in the decomposition step 2L — 1L the nickel coordination changes from tetra-
hedral to octahedral, so that one Ni—N bond is replaced by three Ni-Cl bonds,
through which the value of AH for this decomposition step is strongly influenced.
This effect is masked, however by the large value of the last decomposition step,
1L — 0, which averages out almost the same overall decomposition enthalpy for
the two compounds.

Conclusions

The present study has shown that changes in nickel coordination during the de-
composition reaction strongly influence the enthalpies of the separated steps, e.g.
Ni(NMIz),Cl, (tetrahedral) —» Ni(NMIz)Cl, (octahedral).

It is not possible to prepared Ni(NMIz),Cl, without lattice water. The water
molecules are evidently needed for stabilization by forming hydrogen-bridges with
the anions.

The decomposition enthalpies of 1z compounds become smaller with a smaller
anion, due to hydrogen-bridges, while the decomposition enthalpies of the NMIz
compounds are almost the same with changing anion radius.

The Ni—N binding in Ni{NMIz)X, compounds is stronger than in the corres-
ponding Iz compounds, and probably all Ni(NMIz), X, compounds have stronger
Ni—N bonds than the corresponding Iz compounds.

The number of ligands (Iz and NMIz) hardly influences the decomposition en-
thalpies, except in the case of the NiLX, compounds.
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Résumi: — La décomposition thermique des composés de formule Ni(NMIz)nX, (NMIz =
N-méthyl-imidazole, n = 6, 4, 2 ou 1 et X = Cl, Br ou I) a été étudiée par analyse calorimé-
trique différentielle (IDSC), thermogravimétrie (TG), analyse des gaz émis (AGE) et diffraction
sur poudre des rayons X dans I’intervalle des températures comprises entre 20 et 500°.

Les étapes réactionnelles ont été suivies par TG. Les phases intermédiaires formées ont été
déterminées par rayons X 3 hautes températures d’aprés la méthode de Guinier-de Wolff.

Les enthalpies de décomposition ont été calculées a partir des courbes DSC. On a comparé
les valeurs ainsi trouvées & celles d’une étude préalable des composés de I'imidazole, afin
d’obtenir plus d’informations sur les liaisons d’hydrogene dans les composés de I'imidazole.
Les liaisons d’hydrogéne sont plus fortes si les anions sont petits et diminuent ’enthalpie de
décomposition des composés de I'imidazole. L’enthalpie de décomposition des composés du
N-méthyl-imidazole n’est presque pas influencée par la taille de I’anion.

ZuzAMMENFASSUNG —In diesen Untersuchungen wird {iber die thermische Zersetzung von Ver-
bindungen der Formel Ni(NMIz), X, (NMIz = N-methylimidazol, n = 6, 4, 2 oder 1 und
X = Cl, Br oder I) mit Hilfe der Differential-Scanning-Kalorimetrie (DSC), der Thermogra-
vimetrie (TG), der Analyse der entwickelten Gase (EGA) und der Rontgenpulverdiffraktion
im Temperaturbereich von 20 bis 500° berichtet. Die Reaktionsstufen wurden durch TG
erhalten. Die Zwischenprodukte der Reaktionen wurden durch Guinier-de Wolff-sche
Hochtemperatur-Rontgenaufnahmen bestétigt.

Die Zersetzungsenthalpien wurden aus den Ergebnissen der Differential-Scanning-Kalori-
metrie berechnet. Die Enthalpien wurden mit den Angaben aus einer vorangegangenen
Untersuchung der Imidazolverbindungen verglichen, um mehr Informationen tiber die Was-
serstoffbindungen in den Imidazolverbindungen zu erhalten. Die Wasserstoffbindung ist fiir
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kleinere Anionen stirker und setzt die Zersetzungsenthalpie der Imidazolverbindungen herab.
Die Zersetzungsenthalpie der N-Methylimidazolverbindungen wird durch die Grdsse des
Anions kaum beeinflusst.

Pesiome — MccnenosaHo Tepmarseckoe pasmoxenme colleil obmeit dopmyns Ni(NMIz), X,
(NM Iz = N-MetumMuaason, # = 6,4,2 wmm 1, a X = C1, Br uau I) ¢ momomsro aubdepen-
IMANbHOM CKaHMpPYIomIeH kKanopuMeTpud, TepmorpasuMerpun (TT)), aHanu3a BEIIENEHHOTO T34
M DOPOWIKOBOM penTreHorpadun B obnacta temnepatyp 20—500°, Peakimonusie cTaaMd OpUIH
uccnenosansl ¢ nomoureio TT'. OGpasoBauue IPOMEXYTOYHBIX POLYKTOB peakumy GBII0 O~
TBEP)KAECHO PEHTTECHOrpAMMAaMMU, CHATHIME B BBICOKO-TeMIepaTypHOH kaMepe I'tonbe-neBonbd.
DHTaNBINH pa3noxends Orny Bbrauciensl u3 nannnix JJCK. TloaydeHHbIe 3HAYEHAS JHTANBIAA
pa3noxenus: ObINM COIMOCTABIIEHB! ¢ PE3YNBTATAMH WUPEABIIYINETO H3YYCHUS HMHUIAZ0NIBHEIX CO~
CIMHEHAN C LB ToJyYeHHst 60I1pmel nHGopMamun 0 BOJOPOAHOM CBA3H B AMUIA30JILHBIX CO-
cnuHeHAAX. Bonoponuas cBa3hk Ooyice CHIbHAs B CIyYa¢ MEHBLUIAX aHUOHOB M YMEHBIIAET 3H-
TAJBIHIO PA3JIOKEHUST HMHUIAA30BHBIX COSIUHEHUN, DHTAIBIMSA PA3IOKCHHS N-UMHAIA30JIbHBIX
COeIMHEHUH B MaJsIoii CTENeHH 3aTParnBaeTcs pa3MepoM aHMOHA.
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