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The aim of the present work is the investigation of the influence of struc
tural differences of a-, ß-, and y-Cu(NH3h(C204) on the formation of Cu(NH3)s 
(C2O4) in reactions between the afore-mentioned substances with gaseous 
and liquid ammonia. I t has been found that, under various conditions, 
each modification forms Си^НзЫСгС^) with both gaseous and liquid 
ammonia. In these reactions three different modifications of Си(КНз)5(Сг04) 
are formed. The preparation of the complex Си(Ш1з)б(С204) was vainly 
attempted. By thermal decomposition of the modifications of Cu(NH3)5(C204) 
that modification of Cu(NH3)2(C2C>4) was obtained from which the complex 
Си(Ш1з)5(С204) was originally prepared. The different reaction conditions 
under which a-, ß-, and y-Cu(NH3)2(C204) react with gaseous and liquid 
ammonia are discussed with relation to differences in structure of the above 
modifications. 

As we have shown in our previous work [1], the structural differences between a-, 
ß-, and y-Cu(NH3)2(C204), which we regard as distorted isomers of Cu(II) complexes 
[2], strongly influenced the course of their hydrolysis. For this reason it seemed interest
ing to study also the reactions of the above complexes with gaseous or liquid ammonia, 
especially since in this way new experimental data on the influence of relatively very 
small differences in structure on the reactivity of complexes in heterogeneous substi
tution reactions may be obtained. 

The reactivity of modifications of Cu(NH3)2(C2C>4) with regard to ammonia was discussed 
in some older papers as well. Thus, according to some of them [3], a-Cu(NH3)2(C2C>4) 
does not react with gaseous [3] and liquid NH3 [4], while the second modification known 
at this time reacts with gaseous NH3 already at room temperature [3]. Data reported 
in literature are incomplete. 

We attempted the elucidation of relations between the structure of the modifications 
of Cu(NH3)2(C2C>4) and penta-ammine complexes which arise from them. 

Experimental 

The modifications of diammineoxalatocopper(II) were prepared by methods reported 
in literature: a- and y-Cu(NH3)2(C204) according to [3, 4] and /5-modification according 
to [5]. 

The starting materials and products of the individual substitution reactions were 
examined by the following analytical methods: copper was determined by complexo-
metric method, the oxalato group by manganometric, and ammonia by distillation 
method. 
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The analytical composition of modifications of Си(КНз)2(С204) is reported in [1]. 
The composition of the penta-amminecopper(II) oxalate prepared by any of the 

procedures under investigation was as follows. 
For Cu(NH3)5(C204) (236.66) calculated: 26.83% Cu, 35.97% N H 3 , 37.20% C 2 0 4 ; 

found: 26.46% Cu, 35.90% N H 3 , 37.30% C 2 0 4 . 
Deviations of the individual determinations from the above values did not exceed 

± 0 . 1 % . 
The X-ray powder diagrams were obtained with a goniometer GON I I with C\iKa 

radiation. For recording the X-ray diagrams, the penta-amminecopper(II) complexes 
were protected by PVC wrappings. The infrared absorption spectra were measured as 
Nujol mulls on a Perkin —Elmer 137 spectrophotometer. 

Reactions of the diammineoxalatocopper(II) with gaseous ammonia were studied 
under isothermal conditions in the temperature range between 20 and 30°C in the inter
vals of 5°C. The sample was placed in a glass reaction vessel and the required tempera
ture was adjusted with the aid of a cooling mixture of ethanol and dry ice. To the pre
viously tempered sample the equally tempered dried gaseous ammonia was introduced 
at atmospheric pressure, and every thirty minutes the analytical determination of the 
composition of the specimen was performed. Reactions of a-, ß-, and у-Си(КНз)2(С204) 
with liquid ammonia were investigated under similar experimental conditions. To the 
sample cooled to — 33°C liquid ammonia of the same temperature was added. The excess 
of liquid ammonia was allowed to evaporate under the given conditions. 

A start of reaction of a-Cu(NH3)2(C204) with gaseous ammonia can be observed at 
the temperature of — 30°C. (At higher temperatures no reaction takes place.) A sub
stance whose composition would correspond to the formula Cu(NH3)s(C204) was formed 
after five hours. The X-ray powder diagram of a-Cu(NH3)s(C204) formed by the above 
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Fig. i . X-Ray powder diagrams of Cu(NH3)5(C2C>4) prepared from: 
a) CuC 2 0 4 ; b) a-Cu(NH3)2(C204); c) ^-Cu(NH3)2(C204); d) у-Си(КЕз)2(С204). 
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procedure is shown in Fig. lb. A specimen with identical composition and with identical 
physicochemical characteristics (X-ray powder diagram and i.r. spectrum; Table 1), 
was obtained by allowing the liquid ammonia to react with а-Си(КНз)2(Сг04) for 30 min 
at — 33°C. /?-Си(КНз)2(С204) reacts with gaseous ammonia at — 10°C. A substance 
corresponding to the formula Cu(NH3)s(C204) was obtained after introducing the gaseous 
ammonia to /?-Си(КЕз)5(С2С>4) for two hours. With liquid NH3 a substance with this 
composition and with identical physicochemical properties (X-ray powder diagram — 
Fig. \c and i.r. spectrum) was formed virtually immediately after the reaction has star
ted. 

у-Си(Щ1з)2(С204) reacts with gaseous ammonia noticeably at + 5°C, and after one-
-hour treatment with gaseous ammonia, Cu(NH3)s(C204) is formed. With liquid ammonia, 
у-Си(ОТЗз)2(Сг04) reacts vigorously and immediately a violet reaction product is formed, 
the composition of which is Cu(NH3)5(C2C>4). In this case too, у-С^ОТЕзЫСгОл) prepared 
by two different methods has identical diffraction properties and i.r. spectrum (Fig. Id, 
Table 1). 

Table 1 

Wavenumbers of the absorption bands and their correlation 
with i.r. spectra of the investigated penta-amminecopper(II) 

oxalate complexes 

Wavenumbers for the complexes [cm- 1] 

Vas(O-C-O) 

Vs(C-O) 

(5(0-C-0) 

<5
d
(NH) 

<5s(NH) 

i?(NH
3
) 

I 

1674 
1638 

1355 
1290 

790 
782 

1574 

1250 
1087 

759 

II 

1653 

1283 

780 
770 

1558 

1240 
1082 

750 

III 

1625 

1290 

775 

1558 

1240 
1082 

748 

IV 

1652 

1283 

792 

1563 

1240 
1082 

750 

/. (5-Cu(NH3)5(C204); II. a-Cu(NH3)5(C204); 
III. č-Cu(NH3)5(C204); IV. ľ-Cu(NH3)5(C204). 

The decomposition of penta-amminecopper(II) oxalate complexes was studied at 
room temperature. The course of the curve of mass loss was practically identical for 
all three complexes. The release of ammonia is slowed down with samples in which the 
ratio of Cu : NH3 = 1 : 2.8 — 3.0. Samples with such a composition react with gaseous 
ammonia already at room temperature. 

Though the spontaneous transition from the intermediate products of the decompo
sition reactions to the diammineoxalatocopper(II) is rather slow (it may last even se
veral days), we did not succeed to obtain data on their structure. The products of thermal 
decomposition of a-, ß-, and y-penta-anuninecopper(II) oxalate complexes have an 
identical structure with that of the modification of Cu(NH3)2(C204) from which they 
have been prepared. 
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Discussion 

Reactions between a-, ß-, and у-Си^НзЫСгСЫ and ammonia take place only at 
lower temperatures. By lowering the temperature also the velocity of diffusion of NH3 
from the solid phase is decreased and the reaction equilibrium is shifted in favour of 
the formation of Cu(NH3)s(C204) since these are exothermic reactions [6]. 

If we take the known structure of the a-modification [7] and the assumed structure 
of ß- [о, 8] or y-Cu(NH3)2(C204) [9], then the observed relations are understandable. 

We assume that in а-Си(ЫНз)2(С204) the substitution reaction starts by substituting 
the oxygen atoms bonded by the weakest bonds on the so-called long coordinates by 
the molecules of ammonia. In this process, first a destruction of the whole three-dimen
sional system of bonding in the structure а-Си(Ш1з)2(С204) must take place, which,, 
most probably, represents the greatest part of the energetic barrier in this reaction. 
The space arrangement of /?-Си(Ш1з)2(С204) is most probably more favourable in that 
the substitution place is more easily accessible for the ammonia molecules, and, whereas 
in the a-modification there are two long bonds, in the ^-modification the existence of 
four such bonds is supposed [5, 8]. 

A substantially higher reactivity of y-Cu(NH3)2(C204) when compared with that of 
a- and ^-modifications of diammineoxalatocopper(II) complexes, with gaseous and 
liquid ammonia is in agreement with previous experimental results [1, 10]; this led 
to an assumption of a possible square planar coordination of the central atom in 
y-Cu(NH3)2(C204). 

The experimental results discussed in the present work are in good agreement with 
the i.r. spectra of the individual modifications of Си(Ш1з)2(С204) [8], on the basis of 
which we may conclude that the weakest bonding Си—О occurs in the modification 
y-Cu(NH3)2(C204) and the strongest are in а-Си(КНз)2(С204). 

As it follows from the experimental results, we succeeded in preparing the complex 
Cu(NH3)5(C204) from all three modifications of diammineoxalatocopper(II) complexes 
by the action of both gaseous and liquid ammonia. The infrared spectra of the indivi
dual specimens show (Table 1) that in all cases [Си(Ш1з)5]2+ was formed [11]. The samples 
exhibit differences in stretching vibrations of N H groups, which is indicative of dif
ferences in the strength of the coordination of ammonia with regard to the central atom. 
The number and positions of the absorption bands of the oxalato groups do not agree 
perfectly with literature reports on the i.r. spectra of neither ionic nor covalent bonding 
of the oxalato group [12, 13]. By analogy with the known structures of the most of Cu(II) 
complexes we may assume that the oxalato group is liniíed to the central atom through 
the oxygen atom, occupies the sixth coordination position and thus completes the coordi
nation of the central atom to a tetragonal bipyramidal coordination. 

The structure differences between penta-amminecopper(II) oxalates are closely relat
ed to those between the modification of the diammineoxalatocopper(II) complex 
from which they have been prepared. This made us believe that the basic difference 
between penta-amminecopper(II) oxalate complexes consists in different space orien
tation of the oxalato group with regard to the pyramid [Cu(NH3)s] (II)- у-Си(КЕз)г 
(C2O4), which is a product of thermal decomposition of y-Cu(NH3)s(C204) can be formed 
also by decomposition of penta-amminecopper(II) oxalate (ô) [5] prepared from Си(Сг04) 
[9], whose structure, however, is not identical with that of y-Cu(NH3)5(C2C>4) (Table 1, 
Fig. 1). This apparent disagreement may be explained by different conditions of de
composition uf both penta-ammine complexes, as it follows from the scheme: 
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ó-Cu(NH3)5(C204) y-Cu(NH3)5(C204) 

/ \ t 
room t e m p e r a t u r e a) 90°C 5°C room t e m p e r a t u r e 

y NH3 a tmosphere 
/ b) 3 0 - 5 0 ° C 

/ \ 
Cu(C204) y-Cu(NH3)2(C204) 

I n these relat ions i t should be men t ioned t h a t , while t he t he rma l decomposi t ion of 
сСи(Ш1з)бВг2 yields /?-Cu(NH3)2Br2 [14], b y t h e r m a l decomposi t ion of Cu(NH 3 )5Br2 

t h e a-modification of Си(Ш1з)2Вг2 is formed, from which Cu(NH3)sBr 2 h a s been pre

p a r e d [15]. 

On t h e basis of t h e above exper imenta l results i t m a y be concluded t h a t t h e react ions 

s t a r t b y s u b s t i t u t i o n of t h e oxygen a t o m on t h e long coordinate in t h e modifications 

a- a n d /?-Си(Ш1з)2(С204) or, in t h e modification у-Си(Ш1з)2(С204) b y occupying t h e 

free coordinat ion posit ions. Successively, N H 3 occupies fur ther coordinat ion posit ions. 

T h e p e n e t r a t i o n of t h e s ix th molecule of a m m o n i a in to t h e coordinat ion sphere of C u ( I I ) 

is m o s t p r o b a b l y p r e v e n t e d b y an, for th i s react ion, unfavourable steric posi t ion of t h e 

oxa la to g r o u p . 
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