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Seven complex compounds exhibiting the compositions Ni(en)3Ni(CN),'H20 (I), 
Ni(en)aNi(CN)4 (II), ct-Ni(en)2Ni(CN)4 (III), Ni(en)Ni(CN)4 �9 2H20 (IV), Ni(en)Ni(CN)~ (V), 
Ni(en)2Ni(CN)4- 2.5H20 (VI) and fl-Ni(en)2Ni(CN)4 (VII) were prepared from the system Ni- 
en-[Ni(CN)4]2--H20. These compounds were examined by the methods of infrared spec- 
troscopy, X-ray powder diffractometry, UV-VIS reflectance spectroscopy, and also by the 
measurement of magnetic moments. The thermal stability, the stoichiometry of thermal 
decomposition and the mutual transformations were investigated with a derivatograph. The 
reactions proceeding according to the following schemes were observed if the system was heated 
to appropriate temperature: 

(I) ~(II) o(III)  ~(V) ~ (IV) and 
(VI) ~(VII) --*(III) ~(V) ~ (IV) 

Process (VlI) ~(III) represents isomerization. The reversibility of the process (V) ~ (IV) is due 
to the high hygroscopicity of the anhydrous complex. The changes in structure in the course of 
the individual processes are discussed. 

Nickel(II) cyanide dissolves in aqueous solutions of amines such as ammonia and 
ethylenediamine (en) to give different complex compounds [1]. Cambi et al. [2] first 
prepared such complex compounds containing en and investigated their magnetic 
properties [2]. The general formula they presented for these compounds is 
Ni(CN)2"enx-nH20. The preparation and magnetic properties of the complex 
Ni(en)3Ni(CN)4-H20 have been described in [3]. The preparation and infrared 
spectrum of the interlamellar complex containing Ni(CN)2 and en (without 
stoichiometric composition) have been described in papers [4, 5]. The thermal 
analysis of this complex is presented in [6], but without the calculated and measured 
values of mass loss. The authors of [7] repeated the preparation of this complex and 
obtained violet crystals, the composition of which could be expressed by the 
formula Ni(en)3Ni(CN)4 . A concise scheme of thermal decomposition of 
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N i ( e n ) 3 N i ( C N ) 4 .  H 2 0  without any other information is given in [8]. These papers 
reveal the possibility of preparing different complexes from the system Ni-en- 
[Ni(CN)4] 2 - -H20 .  However, the published data are not always complete and are 
sometimes contradictory. They do not give sufficient information about the 
structures of these complexes. 

The present work forms part of a wider program involving studies of preparation, 

structures and properties of the complexes crystallizing from the system Ni(II)-en- 
[Ni(CN)4]2--H2 O. In the frame of this program, the crystal structures of  the 

complexes ~-Ni(en)2Ni(CN)4 [9] and Ni(en)2Ni(CNL.2.16 H20 [10] have been 
solved. 

Experimental 

Synthesis and analys& 

The synthesis was carried out with the following chemicals: NiSO4'7H20,  
KCN, and en. These chemicals were analytical grade reagents. En was redistilled 
before use (b.p. 117~ They were used to prepare a 1 mol -dm 3 solution of NiSO4 
and 2 mol. dm -3 solutions of KCN and en. The yellow solution of K2Ni(CN)4 
formed by mixing 10 ml of  the NiSO 4 solution and 20.5 ml of the K CN  solution 
was mixed with a solution consisting of 10 mol of  the NiSO4 solution and the 
necessary volume of  the en solution. Via the volume of the added en solution, the 
molar ratio N i S O  4 : en : NiSO 4 : KCN was varied from 1 : 1 : 1 : 4 to 1 : 5 : 1 : 4. The 
crystals that separated out were filtered off under suction, washed with ethanol and 
ether, and dried in air. The individual complexes were obtained under the following 
conditions: 

The complex Ni(en)Ni(CN)4" 2H20 separated out at a molar ratio of 1 : 1 : 1 : 4 
and to a certain extent at a molar ratio of 1 : 2 : 1 : 4, provided the product was 
filtered off at once. 

The complex ~-Ni(en)2Ni(CN)4 separated out at a molar ratio of  1 : 2 : 1 : 4 ,  
provided the product was filtered off after stirring for 30 rain in the mother liquor. 

The complex Ni(en)ENi(CN)4"2.5H20 separated out at a molar ratio of 
1 :2 .5 :1 :4 .  

The complex Ni(en)3Ni(CN)4" H20  separated out at a molar ratio of 1 : 4 : 1 : 4 
and at higher ratios. 

The products crystallizing out from the filtrates after separation of the first 
products were also investigated. They were usually a mixture of two complexes, 
which could be distinguished even optically according to the habit of  the crystals. 
The quality of the crystals was appropriate for their use for the determination of  
their structures by the X-ray diffraction methods. 
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The complex Ni(en)aNi(CN)4 was prepared by another method. The precipitate 
of Ni(CN)2 was subjected to decantation until the SO ]-  ions had disappeared, and 
it was then dissolved in a 50% solution ofen. The solution was allowed to crystallize 
at 60 ~ . The required product separated out in the form of tiny crystals in the course 
of 24 hours. 

We did not succeed in isolating the complexes Ni(en)Ni(CN)4 and fl- 
Ni(en)2Ni(CN)4 from this system. Nevertheless, they were prepared by de- 
hydration of the complexes Ni(en)Ni(CN)4 �9 2H20 and Ni(en)2Ni(CN)4.2.5H20. 
The monoethylenediamine complex is very unstable in air because it is rather 
hygroscopic, and the temperature of dehydration is an important factor for the 
preparation of fl-Ni(en)zNi(CN)4. 

The complexes prepared from the solutions were analysed for carbon, hydrogen 
and nitrogen with a Hewlett-Packard 185 analyzer. 

Nickel in mineralized samples was determined complexometrically by using 
murexide. The results of the analyses are given in Table 1. 

Table 1 Results of analyses 

Complex 
C H N Ni H20* 

found calc. found talc. found calc. found calc. found calc. 

Ni(en)3Ni(CN)4.H20 28.36 28.61 6.34 6.24 33.70 33.37 28.15 27.97 5.0 4.3 

Ni(en)3Ni(CN)4 29.59 29.89 6.08 6.02 34.39 34.86 28.90 29.22 - -  - -  

Ni(en)2Ni(CN)4 " 

�9 2.5H20 24.12 24.84 5.51 5.17 29.05 28.97 30.89 30.36 12.0 11.6 

:t-Ni(en)zNi(CN)4 28.50 28.12 4.83 4.72 32.76 32.79 33.53 34.36 - -  - -  

fl-Ni(en)2Ni(CN)4 27.94 28.12 4.68 4.72 32.56 32.79 34.05 34.36 - -  - -  

Ni(en)Ni(CN)4.2H20 21.99 22.69 3.31 3.81 26.72 26.46 36.52 3&97 11.0 11.3 

* From thermal analysis. 

Infrared spectra 

The infrared spectra of the prepared complexes and of the intermediates of their 
thermal decomposition were measured on a Specord 75 IR spectrophotometer in 
the range 4000-400 cm -1 by using the KBr technique or the nujol suspension 
technique. Owing to the significant hygroscopicity of Ni(en)Ni(CN)4 , the infrared 
spectrum of this compound was measured as follows: a KBr tablet of the dihydrate 
was dried in a drying oven at 105 ~ and the spectrum was recorded immediately after 
cooling of the sample. 

J. Thermal Anal. 35, 1989 
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Magnetic measurements 

The magnetic susceptibilities were measured by the Faraday method. Cor- 
rections for diamagnetism [11] were applied in the calculations of the magnetic 
moments (t = 22~ 

X-ray powder diffractometry 

The X-ray diffraction patterns of the prepared complexes and the intermediates 
or products of their thermal decomposition were recorded on a Mikrometa II 
instrument (Chirana, Czechoslovakia) by using CuK, radiation. 

Thermal measurements 

The thermal decompositions of the prepared complexes were measured under 
dynamic conditions by using an OD 102 derivatograph (MOM, Budapest). 
Ceramic crucibles and Pt/Pt-Rh thermocouples were used. The measurements were 
carried out under the following conditions: weighed amount 100 mg, rate of 
heating 6 deg per minute, air atmosphere, sensitivity of DTA 1/3, DTG 1/5. The 
intermediates of thermal decomposition were isolated by "freezing", i.e. when the 
chosen temperature was reached the heating was promptly stopped, or they were 
prepared by heating in an electric drying oven (up to 200~ The reactions of some 
intermediates of thermal decomposition with atmospheric humidity was in- 
vestigated by means ofa  derivatograph: the sample was allowed to cool freely after 
the chosen temperature had been reached and the heating had been switched off. In 
the course of cooling, the T and TG curves were recorded. 

Results and discussion 

The measured infrared spectra are in line with the expected compositions of the 
prepared substances and reveal the presence of the individual functional groups 
(Table 2). The assignment of the observed absorption bands to individual types of 
vibration was made on the basis of [12-15]. The presence of the molecules of en is 
demonstrated by several characteristic absorption bands. The corresponding data 
are given in Table 2. Moreover, the absorption bands of the type v(C-C) and 
v(C-N) were observed in the region of 1100 and 1020 cm -1, as were the bands 
corresponding to vibrations 0(NH2) in the region of 650 cm-l .  On the other hand, 
the chelate bonding is revealed by one or two strong absorption bands in the region 
480-530 cm-1, which may be attributed to the bending vibration of the chelate 
ring, 6(NCCN) [14, 15]. 

J. Thermal Anal. 35, 1989 
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The strong and sharp absorption bands in the region 2100-2200 cm- 1, due to the 
stretching vibrations v(C = N) of the cyano groups, are significantly characteristic. 
They may serve for the identification of individual complexes in the mixtures, which 
is why they are also presented in Fig. 1. In the spectra of the complexes 
Ni(en)aNi(CN)4- H20 (I) and Ni(en)3Ni(CN)4 (II), two absorption bands appear 

I 

- -  / 
II 

-1 
! 

22 21 22 

III 

W a v e  

~v # v 

n u m b e r  

/v,. A I Vll A 

i '  

I 4 1  , I .'.,9 1 , I 
21 22 21 22 21 
x102 cm -~ 

Fig. 1 Characteristic IR v(C = N) absorption bands of complexes I-VII in the range 2000-2200 cm-I 

in the mentioned spectral region. On the basis of the isomorphism of complexes I 
and II with the complexes Zn(en)aNi(CN)4.H20 and Zn(en)3Ni(CN)4, which 
exhibit an ionic structure [16], the existence of two absorption bands may be 
explained by the crysta!lochemical inequivalence of the terminal cyano groups. The 
spectrum of the complex ~-Ni(en)2Ni(CN)4 (III) also exhibits two absorption 
bands in this spectral region. On the basis of the solved crystal structure of this 
complex (Fig. 2) [9], the band at 2118 cm -1 may be assigned to vibrations of the 
terminal cyano groups, and the band at 2147 cm -1 to vibrations of the bridging 
cyano groups. One absorption band with a small shoulder is to be observed at high 
wavenumbers in this region in the spectra of the complexes Ni(en)Ni(CN)4" 2H20 

N 

Ill f e n ~  \ /  c 

I 
--C ~N--Ni--N------C--Ni--C------N-- 

/ \  
 eoJ Ill 

N 

Fig. 2 Schematic chain structure of e-Ni(en)2Ni(CN) 4 
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(IV) and Ni(en)Ni(CN)4 (V), which suggests a bridging linkage of the cyano groups. 
Furthermore, four absorption bands in this region appear in the spectra of the 
complexes Ni(en)2Ni(CN)4"2.5H20 (VI) and fl-Ni(en)2Ni(CN)4 (VII). The 
existence of four absorption bands for complex VI may be explained on the basis of 
the solved crystal structure by the ineaquivalence of all the cyano groups, the two of 
which in the cis positions are bridging groups (Fig. 3) [10]. A similar situation may 
be expected for complex VII, formed from complex VI by dehydration. 

x~ 

Ni Ni 

~ N i "  

/ 

Fig. 3 Schematic chain structure of Ni(CN)2Ni(CN)4.2.24 H20 

The characteristic absorption band in the region 400-440 cm -~, which 
corresponds to the bending vibration t$(Ni-CN), indicates coordination of the 
cyano groups. 

For complexes I, IV and VI, the absorption spectra likewise exhibit absorption 
bands which may be assigned to the stretching vibrations v(OH). While these bands 
are strong and distinguishable for complexes I and IV, this is not the case for 
complex V. The solved crystal structure of this complex shows that the molecules of 
water occupy four crystallographic positions in the structure; they are not 
coordinated, but they are involved in the system of hydrogen-bonds [I0]. Owing to 
this fact, a broad absorption band is to be observed in the region 3630-3000 cm- 1 
of the infrared spectrum. 

The octahedral or pseudo-octahedral coordination of  the nickel atom in the 
complex cation is reflected in the measured reflectance spectra of complexes I-IV, 
VI and VII. In all cases, two maxima (Table 2) were observed in the regions 
319-333 nm (aT l (P)~- 3A2) and 532-544 nm (aT 1 (F)~- 3A2). They correspond to 
the chromophore NiN6, as results from a comparison with the values measured in 
solution for the cation ['Ni(en)3] 2 + (344(1) nm and 543(1) nm) [17]. The presence of 
this chromophore was confirmed by solving the crystal structures of complexes III 
and VI. The reflectance spectrum of complex IV, in which the maximum due to the 
transition aT 1 (F),-  3A 2 is observed at 562 nm, is an exception. The maximum due 

J. Thermal Anal. 35. 1989 
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to this transition for the species [Ni(en)2(H20)2] 2+ in solution is at 570 nm [17]. 
These facts indicate the presence of the chromophore NiN,~O2 in complex IV, and 
hence the coordination of the molecules of water to the Ni atom. As proved by 
comparison with the reflectance spectrum of Zn(en)3Ni(CN)4" H20, the maxima 
originating from the anion [Ni(CN)4] 2- appear in the region below 319 rim. 

The experimental values of the magnetic moments vary within the range 
2.92-3.10 B.M. These values indicate pseudo-octahedral coordination of the Ni 
atom in the complex cation, and square planar coordination of the Ni atom in the 
anion [Ni(CN)4] 2- . This result is in agreement with the results obtained from the 
reflectance spectra and from structural analysis of complexes III and VI. Only the 
anhydrous complex Ni(en)Ni(CN)4, which is diamagnetic, deviates, from this 
series; this means that both Ni atoms in complex V are square-coordinated. 

The thermal decomposition curves (TG, DTG and DTA) of complexes I, VI and 
IV are presented in Figs 4-6. The temperature intervals and the calculated and 
observed mass lOsses are given in Table 3. 

In the first stage of thermal decomposition of complex I, dehydration takes place. 
As shown by the infrared spectra and X-ray diffraction pattern, the resulting 
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Exo 
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Fig. 5 Thermal curves of 
Ni(en)2Ni(CN), �9 2.5H20 
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, t 
! t 

I t I 
200 400 600 

Temperature , ~  

Fig. 6 Thermal curves of 
Ni(en)Ni(CN)," 2H20 

Table 3 Data on thermal decompositions of the prepared complexes 

Complex Temperature, ~ 
Weight loss, % 

obs. calc. 

Composition 
of product 

Ni(en)3Ni(CN) 4 �9 H20 

Ni(en)2Ni(CN) 4 �9 2.5H20 

Ni(en)Ni(CN)r 2H20 

80-120 (endo) 5.5 4.3 
I85-230 (endo) 15.0 14.3 
270-330 (exo) 14.0 14.3 
330-435 (exo) 37.0 39.1 

71.5 72.0 

50-120 (endo) 11,5 11.6 
230 (exo) 0 0 

260-325 (exo) 15.0 15.5 
325-450 (exo) 41.5 42.4 

68.0 6 9 . 5  

60-170 (endo) 10.5 11.3 
296470 (exo) 47.0 47.0 

57.5 58.3 

Ni(en) aNi(CN), 
ct-Ni(en)2Ni(CN)4 
Ni(en)Ni(CN)4 
NiO 

fl-Ni(en)2Ni(CN)4 
~-Ni(en)2Ni(CN)4 
Ni(en)Ni(CN), 
NiO 

Ni(en)Ni(CN)a 
NiO 

J. Thermal Anal. 35, 1989 
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anhydrous complex II is identical with the compound with the same stoichiometric 
composition obtained by crystallization at elevated temperature. On the basis of the 
isomorphism of complexes I and II with the complexes Zn(en)3Ni(CN)4- H20 and 
Zn(en)aNi(CN)4 [16], the process 

Ni(en)3Ni(CN)4 �9 H20 ~Ni(en)3Ni(CN)4 + H20 

may be described as the liberation of a non-coordinated molecule of water from the 
crystal lattice of the monohydrate. In the course of this process, the nature of the 
coordination of the central Ni atoms does not change. 

In the second stage of thermal decomposition, one molecule ofen is released from 
the coordination sphere. This process may be expressed by the equation 

Ni(en)aNi(CN)4 ~ct-Ni(en)zNi(CN)4 + en 

In this connection, it is worth noting that the released material was not investigated; 
accordingly, the notation en need not exactly express the real composition of the 
outgoing component, which might vary, especially at higher temperatures. As 
shown by the infrared spectra and X-ray diffraction patterns, the product 
Ni(en)2Ni(CN)4 formed at laboratory temperature is identical with complex (III). 
The crystal structure of complex III is known (Fig. 2) [9]. Thus, two cyano groups 
pass from different anions [Ni(CN)4] 2- to vacated coordination sites about the Ni 
atom in the trans position after a molecule of en is released from the complex cation 
[Ni(en)3] 2+. This process gives rise to the chain structure depicted in Fig. 2. 

The third stage of thermal decomposition is characterized by the release of a 
further molecule of en from the coordination sphere of the Ni atom. In this process 
the intermediate Ni(en)Ni(CN)4 is formed. This compound is converted to the 
dihydrate during cooling in humid air. This dihydrate is identical with complex IV 
obtained from solution. This process may be expressed by the equation 

~-Ni(en)zNi(CN)4 ~Ni(en)Ni(CN)4 + en 

The results of indirect methods suggest that further cross-linking of the structure 
takes place in the course of this process. 

In the last stage of thermal decomposition, the total decomposition of 
Ni(en)Ni(CN)4 takes place to give NiO, which was proved by X-ray diffractometry. 
The formation of NiO may be responsible for the small increase in mass at 500 ~ 

In the first stage of thermal decomposition, complex VI undergoes dehydration. 
This process may be expressed by the equation 

2 Ni(en)zNi(CN)4- 2.5H20 ~ 2  fl-Ni(en)2Ni(CN)4 + 5 H20 

On the basis of the crystal structures of complex VI (Fig. 3) [10], we may assume that 
the nature of the coordination of the central Ni atoms does not change in the course 

J. Thermal Anal. 35, 1989 
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of dehydration, but only the non-coordinated molecules of crystal water are 
released. In spite of the fact that the water molecules occupy four crystallographi- 
cally independent positions in the structure of complex VI, the dehydration 
proceeds in a single step. A maximum which is not accompanied by any change in 
mass appears at 230 ~ in the DTA curve. This maximum corresponds to a phase 
change. The infrared spectrum and X-ray diffraction pattern of the product of the 
phase change do not differ significantly from those of complex III. This process may 
be expressed by the equation 

fl-Ni(en)2Ni(CN)4 ~ ot-Ni(en)2Ni(CN)4 

This transformation is not reversible because the spectra and diffraction patterns 
were recorded at laboratory temperature. The simultaneous check measurement 
performed by using DSC indicated a phase change only for the heating of complex 
VII, and not for cooling. The chain structure of complex VI contains both cis and 
trans variants of Ni(en)2N 2, and the bridging cyano groups in the anion 
[Ni(CN)4] 2 - are in the cis position, while the bridging cyano groups in the structure 
of complex |II are bonded to the cation as well as to the anion in the trans position. 
Accordingly, the presented phase change may be regarded as irreversible double cis- 
trans isomerization. This isomerization represents an essential impairment of the 
structure. The fact that the c~-isomer exists as the anhydrous substance at laboratory 
temperature, while the fl-isomer crystallizes as the hydrate, shows that the 
molecules of water contribute significantly to stabilization of the structure of the cis 
isomer. The isolation of pure complex VII (fl-isomer) posed some difficulties, 
because residual bands corresponding to vibrations v(OH), and also the bands 
corresponding to the or-isomer, appeared in the infrared spectrum. These results 
suggest that complex VII is in a metastable state. The further course of the thermal 
decomposition is analogous to that of complex I. 

Complex IV decays in two stages. In the first stage it undergoes reversible 
dehydration, as revealed by the TG curves (Fig. 7), which indicate a mass decrease 

0 10 20 30 100 200 300 

Time, rain 

Fig. 7 Dehydration and hydration curves relating to Ni(en)Ni(CN)4-2H20 
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during heating and a mass increase to the original value during cooling in humid air. 
These processes may be described by the equation 

Ni(en)Ni(CN) 4 �9 2H20 ~ Ni(en)Ni(CN)4 + 2 H20 

A similar experiment with complex VI has shown that the dehydration is not 
reversible in this case. The paramagnetism of the dihydrate and the diamagnetism 
of anhydrous complex V suggest that the molecules of water in the dihydrate are 
bonded to the Ni atom in a similar manner as that assumed for hydrated nickel(II) 
cyanide [18]. The resulting complex V decomposes in the way described for 
complex I. 

The results have shown that seven complex compounds with different 
stoichiometric compositions may be isolated from the system Ni(II)-en- 
[Ni(CN)4]2--H20. Investigations of their thermal, spectral and magnetic prop- 
erties have shown that some of these complexes can be prepared by various 
methods. A scheme may be put forward for the transformations of these complexes: 

Ni(en) 3Ni(CN)4 �9 H 20 

Ni(en)3Ni(CN)4 Ni(en)2Ni(CN)4 �9 2.5H20 

ct-Ni(en)ENi(CN)4 ~ fl-Ni(en)2Ni(CN)4 

Ni(en)Ni(CN)4 ~-- Ni(en)Ni(CN)4 �9 2H20 

NiO 

The left side of this scheme is agreement with the scheme presented in [8]. 
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Zusammenfassung Aus eill.em System Ni-en-[Ni(CN)4]2--H20 wurden sieben Komplexe der 
Formeln Ni(en)3Ni(CN)4"H20 (I), Ni(en)3Ni(CN), (II), ct-Ni(en)2Ni(CN)4 (III), 
Ni(en)Ni(CN),. 2H20 (IV), Ni(en)Ni(CN), (V), Ni(en)2Ni(CN), �9 2.5H20 (VI) und fl-Ni(en)2Ni(CN), 
(VII) hergestellt. Diese Verbindungen wurden mittels IR-Spektroskopie, R6ntgenpulverdiffrakto- 
mettle, UV-Reflexionsspektroskopie und dutch Messungen des magnetischen Momentes untersucht. Die 
W~irmestabilit/it, die St6chiometrie des thermischen Zerfalles und die gegenseitigen Umwandlungen 
wurden mittels eines Derivatographen untersucht. Wird das System auf geeignete Temperaturen erhitzt, 
kann der Reaktionsverlauf dutch folgendes Schema dargestellt werden: 

(I) ~(II)  ~(IiI)  --,(V) ~- (IV) und 

(VI) ~(VII) ~(III) ~ (V) ~ (IV). 

Der Prozeg (VII) ~(IlI)  verk6rpert eine Isomerisierung. Die Umkehrbarkeit yon Prozel~ (V) ~-- (IV) ist 
auf die ausgepr/igten Hygroskopieeigenschaften des wasserfreien Komplexes zuriickzufiihren. Es 
werden die im Ablaufe der einzelnen Prozesse vorgehenden Strukturver/inderungen besprochen. 

Pe3mMe - -  Hcxo:~a n3 CHCTeMbl Ni-aTmlenauaMrm-[Ni(CN),d2--H20 no21y~ieno CeMb KOMILIIeKCOB 
CocTaBa Ni(en)3Ni(CN)4 - H20 (I), Ni(en)3Ni(CN), (II), ct-Ni(en)2Ni(CN), (III), 
Ni(en)Ni(CN),. 2H20 (IV), Ni(en)Ni(eN), (V), Ni(en)2Ni(CN)4.2,5H20 (VI) n fl-Ni(en)2Ni(CN)4 
(VII). Honyqesnble KoMnaercbl 6blnn n3y,~enu MeTO./IOM HK cnerTpocronnu, nopomroBoro 
penTreUocTpyrTypnoro anaJm3a, cnerTpocrounefi oTpax<enna B Y~- n BH,/IHMOH O6JIaCTn, a Tar.me 
n3mepenneM MarnaTm,lx MoMenTOB. C noMommo aepnBaTorpadpa nayqena nx TepMoycTofiqnBoerb, 
cTexnoMeTpna TepMnqecroro pa3Jloxenna n o6mne npeBpamenna. Hpn narpeBannn CnCTeM~,I gO 
COOTBeTcTayIomefi TeMnepaxyp~,I pearlmn npoTeraan rio c~le~ymmefi cxeMe 

(I) ~(II) ~(III) ~(V) ~--- (IV) n 

(VI) --,(VII) --+(III) --,(V) : (IV). 

IIpouecc (VII)~(III)  npejIcTaaaaeT co6ofi n3oiepn3atmlo. O6paTniOCTb upoltecca (V)~-(IV) 
o6yc~oB.rleHa BbICOKOH FHFpOCKOHHqHOCTbIO 6e3BO,~HOFO KOMHJIeKca. Ofcyx~en~I n3MeHeHnfl 
CTpyKTypBI coe,~nHeHn..~ B xo,~e OT,~e-rlBHBIX npolIeccoB. 
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