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ABSTRACT

The complexes of general formula M(en) (cw), (M =N, Cu
2 4 '

Zn, and Cd) as well as complexes M{en) _.Ag (Egg {M'= Ni, 2Zn,
and Cd) were prepared. A comparison th 1 i stability of these
two groups of compourxis has shown that the complexes containing
three molecules of ethylenediamine are less stable than the
complexes with two molecules of ethylemdiamine, It is characte-
ristic of all complexes that the molecules of ethylenediamine are
evolved before the decomposition of cyanides except for the
complexes of nickel,

INTRODUCTION

A slow reduction of ocopper(II) compounds with alkaline
metal oyanide in the presence of neutral ligands containing
nitrogen atoms gives rise to copper{I) - copper{IX) cyanocomple~
xes which may be placed intoc the group of mixedevalenoy compounds
/1/. If ethylenediamine (en) was the ligand, the complexes of
composition Cua(ﬂao)(en)z(CN)h, Cu(Hzo)(en)z(CN)ﬁ, and Cus(en)z
(CN)6 crystallized from this system /2,3/. In a foregoing study,
we prepared the cyano-complexes derived from the first compound
where Cu{II) was replaced by other central atom in equal oxida-
tion state, i.e. Co, Ni, Zn, and Cd /4/. The results indicate
that the structure of these complexes consists of polymeric
anionioc network of [Cuz(CN)ilz' composition and isolated
[M(H,0)(en),]** or [M(en),]°* cations. Provided M = Cu, it has
been revealed that an interaction between the cation and the
systom of }t:orbitals of the oyano-groups comes into operation
/5/. It appeared to be interesting to investigate the influence
of the replacement of Cu{I) by other atom on the structure of
anionlo skeleton, We tried to prepare such ocyano-oomplexes where
Ag(I) -was subatituted for Cu(I) and, besides other properties,
to find out how the exchange of central atom influences the

Proceedings of ICTA 85, Bratislava



- 94 -

thermal stability and stoichiometry of decomposition of these
cyano complexes.

EXPERIMENTAL
All cyano complexes were prepared in crystalline form by
mixing aqueous solutions of the sulfates or acetates of Cu, Ni,
Zn or Cd with en and K[Ag(CN)z] in convenient molar ratio. The
crystals of complexes crystallized from the systems in the course
of a few hours, These crystals were filtered, washed, and dried
over MgCIOH.

MEASURING METHODS

The content of the metal M was determined complexometrioally
while silver was determined gravimetrically as AgCl, The content
of C, H, and N was found out microanalytically by the use of
a CHN analyzer Hewlett Packard 185,

The infrared spectra were taken in the solid state (KBr
=! with
a spectrometer Specord 75. The crystal structures of these com~

pellets or nujol suspension) in the region 4000-400 cm

pounds were compared by the X-ray powder method with an instru-
ment Mikrometa II,

The thermal stability and stoichiometry of thermal decompo-
sition was investigated with an instrument Derivatograph OD - 102
MOM, The thermal measurement were carried out under dynamic con-
ditions, Thus we obtained the TG, DTG and DTA records in air
atmosphere up to the temperature of 600°C, the rate of heating
being 6°C/min. The measurements were performed in crucibles of

oeramic\material and A1203 served as reference material for DTA,

RESULTS AND DISCUSSION
The ligands present in the compounds were indentified by the
IR spectroscopy. We are going to describe only the most characte-
ristic absorption bands of these ligands, The cyano groups exhibit
a sharp absorption band in the region 2126-2140 cm™' which corres-
ponds to the stretching vibration \)CN' For the coordinately

bonded molecules of en the absorption bands in the regions
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3120-3350 ea™t (Vo ), 2873-2967 ew™! (V y ), 1570-1593 om™"

(ngH ), and 1470-_"')_"‘»7?'em'‘l were observed /6/.2

fn the basis of the criteria of thermal stability we may
divide the prepared complexes into two oclasses,

a) The first groups comprises complexes of the type [M(en)s]
[A82(CN)4]- They start to decompose at lower temperatures than
the corresponding complexes containing two molecules of en, The
thermal decomposition begins by liberation of en in non-stoichio-
metric amount. This process is dioctinctly separate for Ni on the
TG and DTG curves, for Cd only on the DIG curve where as it is
not unambiguous for Zn. Complexes of the type [M(en)zj[Agz(CN)h]
don’t arise in the first stage of thermal decomposition of com=
plexes of the type [M(en)B][Agz(CN)u].

b) The second group comprises the complexes containing two
molecules of en, In comparison with the corresponding compounds
of the first groups, they are thermally more stable and start to
decompose at temperatures higher by h0-50°C. Two weak endothermic
peaks without any change in mass are to be observed for the com-
pound with M=Cu, The minima of these peaks on the DTA curves are
at 120° and 175°C and correspond to phase transitions, As for the
compound with M=Cd, an analogous phase change with a minisrum on
the DTA curve at 100°C 1s to be observed. The complexes with M=Zn
and Cd of this group melt simultaneously with beginning libera=
tion of en, It manifests itself by a conspicuous endothermic mi-
nimum on the DTA curve at 190°C or 215°C which is not proportio-~
nal to the quantity of liberated ligand, The final products of
thermal decomposition in both classes are silver and the corres-
ponding oxides of metals MO,

The temperatures of liberation of individual components are
given in Table 1.,

The disengagement of en is an endothermic process involving
the compounds of both groups whereas the decomposition of cyani-

des in air is an exothermic process,

CONCLUSIONS
The thermal stability of binary cyanides is significantly
affected by the character of central atoms. It results from the
comparison between thermal stabilities of the complexes contaie
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ning Cu(I) and Ag(I). The cyano complexes with Ag(I) are much
less stable than the cyano complexes with Cu(I) because AgCN is
less stable at higher temperatures than CuCN /4/,

Table 1
Initial temp. Decomposition Decomposition
Compound of liberation of AgCN (°C) of M(cN), (%)
of en (°c)
[Nienz][Ae(CN)z]z 200 230 Loo
[Nienj][Ag(CN)zlz 160 360 420
[Cuenz][Ag(CN)zlz 190 260 430
[znen,][ag(cN), ], 182 320 415
(znen,](1g(cN) ], 140 315 k10
[cden.zj[Ag(cN)z]2 195 320 k50
[Cdenj][Ag(CN)zlz 150 315 bys
REFERENCES
1 P.Day, Endeavour 106 (1970) 45
2 D.Coopgr, R.A.Plane, Inorg. Chem. 5 (1966) 1677
3 E.Kello, V,Vrdbel, M.Melnik, M.Dunaj-Jurdo, J.Garaj,
Z. Anorg. Allg. Chem, 417 (1975) 229
4 J.Chomid, Theses, SVS tislava 1980
5 M.Dunaj-Jurdo, R.Bo%a, Proc., 9th Conf, Coord. Chem., 73 (1983);
CA: 99 (1983) 12859te
6 J.Csésmér, Acta. Chim. Acad. Soi. Hungaricae 75 (1972) 23



