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Summary 

It has been shown that under electron impact the carboxylates of thallium and 
copper in the gaseous phase produce the adducts TICOz+ and CuCO,’ , respectively. 
Mass spectrometric data in combination with calculations by the virial statistic 

method indicate the existence of a metal-carbon bond in the MCOz+ adducts. 

In recent years, interest in complexes of carbon dioxide with transition metals has 
grown considerably, and the possibility of such complexes existing in the form of 
stable adducts has been shown [l-3]. In a number of processes the formation of 
unstable complexes of CO, with transition metals is observed (or, at least, is 
supposed to take place) [l]. In particular, Eder’s reaction is supposed to proceed 
with intermediate formation of the CuCO, adduct [3-S]. The formation of similar 
copper complexes is also likely to take place in different decarboxylation reactions 
catalysed with copper salts [6-81. 

MCO, + ions were also observed in the mass spectra of copper and thallium 
carboxylates [9-141. Yet, the problems of the structure and stability of these ions 

have not been discussed anywhere. This problem, however, is of principal impor- 
tance in understanding the mechanisms of various reactions proceeding with the 
participation of CO, [1,2], including the reactions of fragmentation of metal 
carboxylates, which proceed in the gaseous phase under electron impact [9-141. 

In the present paper we report our mass spectrometric investigation of carboxy- 
lates of mono- and di-valent copper and of mono- and tri-valent thallium. The 
spectral data of the latter compounds are given in Table 1. Overall, our results for 
copper carboxylates are in agreement with the data reported by other authors [9-131. 

The spectra of the Cu’ and Cu” derivatives are similar, except for the CuOOCR’ 
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TABLE 1 

RELATIVE INTENSITIES OF THE SAME FRAGMENT IONS IN THE MASS SPECTRA OF 
THALLIUM CARBOXYLATES’ 

Ion TIOOCCH, TlOOCC, H ( (CH,)zT1OOCCH, (CH,),TlOOCC,H, 

P+ 4 
[P -CH,]+ 10 11 
lTtC,H,I+ 11 2.7 
[TICOz] + 7 5 30 2 
[TKCH,),I+ 31 34 
Tl+ 100 100 100 100 

” The values of the relative intensities for *05TI are given 

ions which are present only in the mass spectra of the carboxylates of divalent 
copper (R = H, CH,, n-C,H,, i-C3H7). 

The CuCO,+ ion present in the mass spectra of the carboxylates of mono- and 
di-valent copper is probably formed from the (RCO,),Cu,+ ion as a result of 
successive or simultaneous loss of R and CuO,CR: 

(RCO2 )zCuz+ 
-R 

ForCu, and cU,; RCO,Cu,CO,+ 

I 
- RCO&u 

-R 
RCO&u+ F cuco, + 

For C-u” 

In the case of carboxylates of divalent copper, the formation of the CuCO,+ ion 
may also proceed from the Cu02CR+ ion through elimination of the R radical. 

It should be noted that the’ stability of the CuCO,+ ion is relatively high: its 
intensity, depending on the nature of the radical, ranges from 1 to 7% for Cu’ and 
from 1.5 to 17% for Cu” [11,13]. 

In principle, CuCO,+ -type ions, with regard to the bending of carbon dioxide in 
complex formation with a metal [l], may have structures of the following types: 

cu-0, ,o C”/“\C 
C '0' 

(I) (II) 

cu-c’ 
0 

'0 

( III 1 

cu 3 
\P 

L\ 
0 

(IV) 

According to the data calculated by the virial statistic method [15], these struc- 
tures, in terms of their stability, make up the following sequence: IV > III > z+ I B 
II [16]. Therewith, while the complexation of the CO, molecule with a copper ion 
according to type IV amounts to ca. 36 kcal/mol, the complexation according to 
type II is a process energetically unfavourable altogether (the energy loss being 60 
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kcal/mol). X-Ray analysis data show the coordination of carbon dioxide in the 
complex [(C6H,,)3P],Ni * CO, to be according to type IV [17]. On the whole, the 
process of decarboxylation of copper carboxylates as a result of electron impact may 
be represented by the following scheme: 

+ * cu’\ 
'C I-* 

+ 
0 

C”-c’ 
0 

'0 1 '0 

As a result of splitting the C-C bond of the carboxylate fragment at the metal 
centre, both organometallic compounds of the M-R type and complexes of copper 
with CO, may be formed. 

Fragmentation of copper carboxylates of saturated acids turned out to be present 
in the elimination of the radical R with the formation of Cuz(O,CR)CO,+ ions, and 
the fragmentation of copper carboxylates of unsaturated and aromatic acids to be 
characterized by the elimination of CO, with the formation of the Cu,(O,CR)R+ 
ion [9-141. 

The second pathway is probably conditioned by the formation of stable 
organometallic compounds of copper with olefins and arenes [12,13]. The absence, in 
this case, of fragments in which CO, occurs in the form of a ligand indicates that 
carbon dioxide is incapable of competing for the coordination site of the copper 
atom with olefins or aromatic ligands. Thus, in the whole series of copper carboxy- 

lates of aromatic and unsaturated acids a low-intensity peak of CuCO,+ is observed 
only for copper acrylate and copper vinyl acetate [13]. 

In copper carboxylates of unsaturated acids, fragmentation with the formation of 
intensive peaks of CuCO, + ions takes place. According to calculations, the stabiliza- 
tion of these ions, in all likelihood, is conditioned by the participation in the 
coordination with the metal, of both the oxygen atom and the carbon atom of the 
CO, molecule (type IV). 

The TlCO,+ ions present in the mass spectra of carboxylates of mono- and 
tri-valent thallium, in contrast to copper complexes, are formed in the fragmentation 
of both saturated and aromatic acids (Table 1). These results are indicative of a 
higher stability of TlCO,’ compared with CuCO*+. From the analysis of the X-ray 
data for the carboxylates and organometallic complexes of copper and thallium, 
which was carried out with a view to selecting reasonable parameters (bond length, 
angle) for calculations [16], it follows that such a difference is conditioned by the 
greater strength of the Tl-C o-bond (shortening of this bond in the molecules 
reaches the value of 0.5 A compared to the sum of the atomic radii, whereas in the 

case of copper such a difference is practically absent). Moreover, according to the 

calculated data for TICOz +, structures III and IV hardly differ in energy, which can 
be explained by the considerable difference in the observed lengths of the Tl-0 and 
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Tl-C bonds in the carboxylates (while the Cu-0 and Cu-C distances are similar). 
Proceeding from the above and taking into account the monodentate nature of Tl’ 
carboxylates, we can suppose that their fragmentation may proceed via the distorted 
g-complex IV: 

1 
t - T1K-7o 

-R “O 

cm 

1+ 

J ---T I-C 
/O 
'0 1 

--lf 

ml) 

It is of interest that in the stable organometallic compound of mercury 
ClHgCOOCH,, according to the structural data, the ligand COOCH, is monoden- 
tate (type III) [18]. For the same compound it is characteristic that the length of the 
Hg-C u-bond (1.96 A) is much shorter than the lengths of the Hg-C u-bonds (2.07 
to 2.10 A) in R,Hg-type compounds (R = H, CH,. C,H,) [16]. 

Thus, mass spectrometric data in combination with virial statistic caiculations [ 161 

indicates the existence of stable organometallic complexes of copper and thallium 
with CO,. 
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