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Abstract

The results of investigation of the influence of encapsulation on the mechanism of thermal decompo-
sition of cyanide transition metal complexes, based on data obtained by methods of differential ther-
mal analysis (inert atmosphere) and thermodesorption (mass-spectral monitoring of gaseous prod-
ucts) are represented. It was established, that encapsulation of cyanide iron(II) and cobalt(III)
complexes in faujasite type zeolite results in the hydrolytic mechanism of thermal destruction of
complexes, unlike to bulk analogues, which is determined by essential decreasing of the temperature
of complex anions encapsulated destruction beginning, up to temperatures while zeolite water mole-
cules are saved; the gaseous products of thermal destruction composition is determined by the pecu-
liarities of localization of cations of different nature in inclusion compounds.
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Introduction

Methods of encapsulation in zeolites of positively charged complex ions and neutral
complexes are sufficiently well elaborated upon [1], whereas encapsulation in nega-
tively charged carrier framework of complex anions (which include cyanide transi-
tion metal complexes) presents a topical scientific problem [2-7].

The encapsulation of cyanide transition metal complexes in the large cages of
faujasite (FAU) results in an essential modification of a porous structure and geome-
try of FAU inner-crystalline space, that should have an effect on reactivity of such in-
clusion compounds as a whole, and complexes encapsulated.

The formation of anionic cobalt cyanide complexes inside zeolite Y as result of
the reaction of Co-exchanged faujasite with NaCN in methanol or formamide repre-
sents the first example of a synthesis of anionic complex inside zeolite framework
[2-3]. The monoionic distribution of cobalt(Ill) cyanide complexes in faujasite
framework can be achieved by using amine cobalt(IIl) complexes as initial sub-
stances: the reaction with NaCN in boiling ethanol or i-propanol of [Co(NH,),]’‘-ex-
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changed zeolite NaY leads to formation of Na[Co(CN)]JFAU [4, 6, 7]. We admitted
that approach proposed by Drago and co-workers [2] can be applicable to syntheses
of iron(Il) hexacyanide complexes in faujasite framework. In fact, the reaction of
Fe-exchanged NaY with NaCN in boiling i-propanol leads to formation of
Na[Fe(CN),JFAU with practically monoionic distribution of complex species in
faujasite framework [4-7].

The present work is devoted to clearing up the influence of encapsulation on the
mechanism of thermal decomposition of cyanide iron and cobalt complexes, as well
as to establish the correlation between such processes and the peculiarities of local-
ization of cations of different nature in inclusion compounds.

It is known, that the mechanism of bulk cyanoferrates thermal decomposition is
determined in a main by the nature of inner-spheric cations in complexes [8]. The
mechanism of decomposition of alkaline, alkaline-earth, transition metal cyano-
ferrates is non-hydrolytic, whereas cyanoferrates of aluminium, scandium and some
other metals are decomposed on the hydrolytic one [8] which, unlike the non-hydro-
lytic one, is characterized by the presence of HCN in gaseous products and overlap-
ping temperature intervals of separation of thermal decomposition products [8].

Experimental

Synthesis of faujasites with encapsulated cyanide transition metal complexes
(CN-FAU) with unit cell formula M,,,,...M_,.[M,(CN)]; [(AlO,), (SiO,),,]-#H,0,
designated in accordance to [4—5] as M, ,...M,,[M,(CN),JFAU (M,=Na, K, Cs, Ni, Cu,
Co; M,=Fe, Co), were carried out according to [4-5].

The characterization of samples was carried out by the powder X-ray diffraction
(XRD) data (automated diffractometer DRON-3M, CuK, radiation) and infrared
spectra (‘Specord 75IR’ spectrometer, pellets with KBr, region 4000400 cm™").

The thermal researches were carried out by using Q-1000 device (MOM; Paulik,
Paulik, Erdey system) in helium atmosphere (volumetric velocity: 60 ml min™'), tempera-
ture 293-1273 K, velocity of heating: 10 K min™'. For the investigation of the samples by
thermodesorption method with mass-spectral monitoring of gaseous products MX-1310
mass-spectrometer was used (vacuum 107 torr, velocity of heating: 5 K min ™, ionization
of products — by electronic impact method: energy: 40 eV, accelerating voltage: 5 kV).

The PEAKFIT program was applied to select components of complicated ab-
sorption bands in IR spectra (V. region) and nitrogen-containing products thermo-
desorption curves.

Results and discussion

The results obtained from application to investigation of thermal destruction of en-
capsulated in faujasite cyanide complexes of the combination of differential thermal
analysis and thermodesorption method with mass-spectral monitoring of gaseous
products are presented in Table 1.

J. Therm. Anal. Cal., 62, 2000



GOLTSOV et. al.: CYANIDE TRANSITION METAL COMPLEXES 375

Table 1 Composition of gaseous products of CN-FAU thermal transformations

Sample Temperature/K Gaseous products, molecules per unit cell
(cations per unit cell) p H,0 HCN C,N, N,
up to 550 11 16 - -
Na[Co(CN)s]JFAU 550-650 4 - - -
(88Nah) 650-900 1 4 2 4
900-1050 - - - 8
Na[Fe(CN)JFAU up to 675 7 24 4 -
(96Na") 675725 2 - - -
725-925 1 4 1 5
NaK[Fe(CN)s]FAU up to 575 10 32 - -
(9N, 87K 575-775 3 - - -
’ 775-900 2 16 - -
NaNi[Fe(CN)JFAU up to 575 19 16 4 -
(74Na’, 11Ni*) 575-675 4 2 2 1
’ 6757175 2 4 3 3
NaCu[Fe(CN)JFAU up t0 525 = : 8 )
(6Na’, 45Cu™) 525-600 1 i B 8

Table 2 The influence of cationic composition of CN-FAU and bulk cyanoferrates on composi-
tion of gaseous products of their thermal transformations

Sample Cations” Products®

Na® K" Ni** Cu*” HCN OGN, N,
Na[Fe(CN)s]JFAU 96 - - - 28 - 5
Nay[Fe(CN)g] 32 - - - - - 8
NaK[Fe(CN)s]JFAU 9 87 - - 48 - -
Ku[Fe(CN)q] - 32 - - - - 8
NaNi[Fe(CN)]JFAU 74 - 1 - 22 9 4
Nis[Fe(CN)q] - - 16 . - 4 20
NaCu[Fe(CN)sJFAU 6 - - 45 6 8 13
Cuy[Fe(CN)g] - - - 16 - 8 16

* For CN-FAU — per unit cell; for bulk cyanoferrates — per 8 [Fe(CN)q]* -anions

Main stages of thermodestruction processes and corresponding mass losses were
established from the thermal analysis in inert atmosphere data, and analysis in detail
of gaseous products composition on each stage was carried out by thermodesorption
method with mass-spectral monitoring of gaseous products data (the examples of
thermodesorption curves of water and different nitrogen-containing products are pre-
sented in Figs 1-3). The data presented unambiguously show that processes under
consideration for all investigated CN-FAU possess by hydrolytic mechanism (pres-
ence of HCN in gaseous products; overlapping of temperature intervals of separation
of nitrogen-containing products), as against. massive analogs (bulk cyanoferrates of
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such cationic composition were shown to be decomposed by non-hydrolytic mecha-
nism [8], Table 2).
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Fig. 1 Thermodesorption curves of H,O and HCN for Na[Fe(CN)s]FAU
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Fig. 2 Thermodesorption curves of C,N, for Na[Fe(CN)s]FAU (1)
and NaNi[Fe(CN)s]FAU (2)
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Fig. 3 Thermodesorption curves of N, for Na[Co(CN)s]FAU (1)
and NaCu[Fe(CN)¢]FAU (2)
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Such influence of encapsulation on the mechanism of cyanide complexes ther-
mal destruction may be caused in main by the significant decrease in temperature of
encapsulated complex anion destruction beginning (in comparison with bulk ana-
logues: for K;[Co(CN),] such temperature is shown to be near 700 K [9]), up to tem-
peratures while zeolite water molecules are saved (Table 1, Fig. 1). In our opinion,
the possible reasons for this phenomenon are as the monoionic distribution (one an-
ionic complex per large cage) of encapsulated complexes in faujasite, as the stoichio-
metry of encapsulated substance and peculiarities of complex — cations interactions
in large cages of inclusion compounds.

The peculiarities of gaseous products of encapsulated complexes thermal de-
struction processes composition (Table 2) and temperature intervals of thermode-
sorption of nitrogen-containing products (Figs 1-3) may be explained from the pecu-
liarities of localization of cations of different nature in inclusion compounds [4—7].

The encapsulation of complexes, especially anionic ones, in FAU is rather an es-
sential factor, which, in particular, excludes localization of cations in S, positions in
large cages (Fig. 4), and leads to the redistribution of intensities of reflexes with (hkl)
(220), (311), (331) on diffractograms of inclusion compounds [10—11].

It is known [10-11 that the relationship I,;,>1,,,>1;,, corresponds approximately
to a random distribution of cations in crystalline space, whereas L, >L;, >L,,, testifies
to increase the contents of cations in S. positions (sodalite cages) and S, positions in
large cages. The data presented in Table 3 show as the predominant localization of
transition metal cations in CN-FAU large cavities (with creation of
—Fe(CN),—CN-M,(S,)-NC-Fe(CN),— or —Fe(CN).—CN-M,(S,) fragments [5]), as
the essential increase of the amount of alkali metal cations in sodalite cages for
CN-FAU, containing only such cations.

Table 3 Cationic composition and relative peaks intensity in diffractograms of CN-FAU

Sample hkl L/l
(cations per unit cell) 111 220 311 331 333 e
NaFAU (64Na") 100 22 16 83 25 71 073
Na[Fe(CN)s]JFAU (96Na") 49 8 32100 14 63 4.00
NaK[Fe(CN)s]JFAU (9Na", 87K") 49 10 31 93 22 100  3.10
NaNi[Fe(CN)]JFAU (74Na’, 11Ni*") 35 7 19 100 21 65 271
NaCu[Fe(CN)s]JFAU (6Na’, 45Cu’") 35 9 15 100 29 69  1.67
NaCo[Fe(CN)s]JFAU (54Na’, 21Co*") 31 8 17 100 27 73 213
Na[Co(CN)sJFAU (88Na") 57 10 34 100 16 77 3.40
NaK[Co(CN)s]JFAU (8Na", 80K") 47 10 30 86 20 100  3.00
Na[Co(NH;)s]JFAU (40Na™) 100 18 16 79 48 89  0.89
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Fig. 4 The positions of localization in CN-FAU of encapsulated anionic complex and
cations

The main groups of encapsulated cyanide complexes thermal decomposition
processes for investigated CN-FAU are:

— low-temperature (maximum of thermodesorption peak 7, <450 K) HCN thermo-
desorption (for Na[Fe(CN),]JFAU and NaK[Fe(CN),JFAU, Fig. 1), which is connected
with the existence in such CN-FAU of the encapsulated cyanide complexes with distor-
tion in octahedral symmetry, [4, 6, 7] unlike the Na[Co(CN)]JFAU one (in this case no
low-temperature HCN thermodesorption was observed);

— low-temperature ~ C,N,  thermodesorption  (for = Na[Fe(CN),]JFAU,
NaNi[Fe(CN),JFAU and NaCu[Fe(CN),JFAU; T, <450 K, Fig. 2), connected with the
formation of -Fe(CN).—~CN-M, (S, )-NC-Fe(CN),— (M =Fe, Ni, Cu) fragments — ana-
logues of main structural fragments in bulk cyanoferrates framework in in-
ner-crystalline FAU space; [5,7] the absence of such fragments in
NaK[Fe(CN),JFAU supports such a conclusion;

— low-temperature N, thermodesorption for NaCu[Fe(CN)JFAU (7,<450 K,
Fig. 3), connected with the formation of -Fe(CN).—~CN—Cu(S,;) fragments [5] the absence
of such fragments in NaNi[Fe(CN),JFAU (which contains only Ni*‘(S, ), but no Ni*'(S,)
cations [7]) supports such a conclusion;

— high-temperature processes (including simultaneous HCN, C,N,, N, thermo-
desorption at 7>700 K, Table 1), connected with decomposition of encapsulated
Fe(CN),— or Co(CN),-particles (on the basis of the thermal analysis data, for all investi-
gated CN-FAU in inner-crystalline space there are only such encapsulated particles at
T>700 K), that determined by interactions of encapsulated species with Na'(S,)) cations
[12] and active sites of FAU framework, and, in common, by the effect of FAU large
cages as nanoreactors (such representations are well elaborated upon by Ozin and
co-workers [12, 13]), the existence of water in zeolite at such temperatures, indicated by
mass-spectrometry data, supports such a conclusion.

Conclusions

The data obtained allow us to state as follows:
— encapsulation of cyanide iron(Il) and cobalt(Ill) complexes in FAU results in
the hydrolytic mechanism of thermal destruction of the complexes (gaseous products
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contains HCN), unlike the bulk analogues, which is determined by the essential de-
creasing of the temperature of complex anions encapsulated destruction beginning,
up to temperatures while zeolite water molecules are saved;

— the gaseous products of thermal destruction composition is determined by the
peculiarities of localization of cations of different nature in inclusion compounds;

— the main peculiarities of the structure of inner-zeolite substance in inclusion com-
pounds studied reflects on the gaseous nitrogen-containing products separation: low-
temperature production of HCN is determined by the existence of encapsulated com-
plexes with octahedral symmetry distortion, C,N, and N, — by formation of the bulk
cyanoferrate structure fragments of the type —Fe(CN).—CN-M,(S,-NC-Fe(CN).— (M=
Ni, Cu) or —Fe(CN).~CN-M,(S,)) (M =Cu), respectively, in FAU inner-crystalline space.
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