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Abstract 

Addition compounds of Hg(CF& with [Ph,P]X 
and [Ph,As]X in the 1 :l ratio for X = Cl, Br, I, as 
well as in the 1:2 ratio for X = SCN, were isolated 
from aqueous solution and identified by elemental 
analysis and infrared spectroscopy. Molar conduc- 
tance of the thiocyanate compounds in nitrobenzene 
solution points to its complex-salt nature defined as 

[Ph,Pl ,IHg(CF&(SCN)J and [PhaAsl 2 [Hg(CF&- 
(SCN),], but not for the halide compounds. How- 
ever, in the monoclinic crystals of the choride com- 
pound, as shown by X-ray diffractometry, pairs of 

Hg(CF& molecules are bridged over by two 
chlorides in a centro-symmetrical dimer with the 
CHgC bond angle of 160.5(8)’ and the Hg.. .Cl bond 
length of 2.823(3) and 2.837(4) 8. The structure 
was refined to the R factor of 0.053. When X = CN 
no addition compounds were obtained, the reaction 
products were HCF3 and the complex salts [Ph,P],- 
[Hg(CN)IG and [Ph4As]2[Hg(CN)]4, not described 
so far. 

Introduction 

The coordination ability of mercury in organo- 
mercurials is small. This well known fact has not 
yet been understood properly because mercury in 
its inorganic compounds has a strong tendency to 
increase its coordination by interacting with the 
atoms from the surroundings. The effective co- 
ordination of mercury, actually observed in crystal 
structure, is based upon the characteristic coordina- 
tion [l] but with a more or less deformed geometry 
according to the strength and direction of the inter- 
action. 

Diphenylmercury in the adduct with dimethyl 
and tetramethyl 1 ,lO-phenanthroline [2] retains 
the C-Hg-C collinearity, while perfluorated di- 
phenylmercury in the adduct with bis(diphenyl- 
arsino)methane [3] loses it to the value of 173’ 
for the C-Hg--C bond angle. That the ligand effect 
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on the R-Hg-R geometry depends upon the nature 
of R is evidenced also by the C-Hg-C bond angle 
of 165.6O in bis(phenylethynyl)mercury in the adduct 
with 1 ,lO-phenanthroline [4,5] as well as the Hg.. .N 
distances of 2.68 A as compared with 2.85 a in the 
analogous diphenylmercury adduct [2]. 

Mixed organomercurials, RHgX, are more sus- 
ceptible to deformation under the influence of 
ligands. The C-Hg-C angle in 1 ,IO-phenanthroline 
adduct with phenylmercury cyanide [6,7] and 
trichloromethylmercury chloride [8] is 167.5 and 
150”, respectively. In the reaction of neutral ligands 
with salt-like organomercurials the X in RHgX is 
replaced by the ligand, giving RHgL+X- as in the 
case of methylmercury nitrate with 1 ,lO-phenan- 
throline [9] and 3,3-bipyridyl [lo]. 

In perfluorated organomercurials mercury has a 
considerably stronger acceptor ability as shown 
already by EmelCus and Lagowski for bis(trifluoro- 
methyl)mercury [ll]. They proved the existence of 
the Hg(CF&X- and Hg(CF&XzZ- anions in 
aqueous solution for X = Cl, Br, I, but were able to 
isolate only complexes containing Hg(CF3)2122-. 
From CFJHgI the complex containing CF3Hg13*- 
was obtained. Later on the Hg(CF3)* complexes 
with neutral ligands were proved to exist in benzene 
solution [ 121 but only the 1: 1 iV-pyridine oxide 
complex was isolated from the carbon tetrachloride 
solution [ 131. The Hg(CF3), complexes with 
1 ,lO-phenanthroline and 2,2’-dipyridyl were ob- 
tained by decarboxylation of the- corresponding 
complex with Hg(OCOCF3)2 [ 141. 

We started our study with the idea that the 
Hg(CF3)* halide complexes, which were proved to 
exist in solution [ 1 l], could only be isolated as 
crystalline solids if a suitable cation was chosen. 
Actually, we have been successful by using tetra- 
phenylphosphonium and tetraphenylarsonium salts 
and we found that Hg(CF3)* with [Ph,P]X and 
[Ph,As]X, where X = Cl, Br, I, gave only the 1:l 
adducts, while the 1:2 adduct was obtained only 
for X = SCN. The reaction with cyanide resulted in 
the formation of the corresponding tetracyano- 
mercurate with the evolution of fluoroform. 
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TABLE IV. Selected interatomic Distances and Anglesa 

Distances (A) 

Hg-C(1) 

Hg-C(2) 
P-C(11) 

P-C(2 1) 

P-C(31) 

P-C(41) 

F(l)-C(1) 

F(2)-C(1) 

F(3)-C(1) 

F(4)-C(2) 
F(S)-C(2) 

F(6)-C(2) 

C(1 l)-C(12) 

C(ll)-C(16) 

C(12)-C(13) 

C(13)-C(14) 

C(14)-C(15) 

C(15)-C(16) 

Hg.. .Cl 

Angles (“) 

C(WHg-C(2) 
Cl.. .Hg.. Cl’ 

C(ll)-P-C(21) 

C(ll)-P-C(31) 

C(ll)-P-C(41) 

C(21)-P-C(31) 

C(21)-P-C(41) 

C(31)-P-C(41) 

Hg-C(l)-F(1) 

Hg-C(l)-F(2) 

Hg-C(l)-F(3) 

2.067(22) C(21)-C(22) 

2.042(23) C(21)-C(26) 

1.753(14) C(22)-C(23) 

1.823(12) C(23)-C(24) 

1.797(19) C(24)-C(25) 

1.817(15) C(25)-C(26) 

1.349(22) C(31)-C(32) 

1.392(20) C(31)-C(36) 

1.361(26) C(32)-C(33) 

1.203(46) C(33)-C(34) 

1.333(37) C(34)-C(35) 

1.247(35) C(35)-C(36) 

1.390(18) C(41)-C(42) 

1.408(17) C(41)-C(46) 

1.390(20) C(42)-C(43) 

1.362(25) C(43)-C(44) 

1.394(25) C(44)-C(45) 

1.374(21) C(45)-C(46) 

2.823(03) Hg...Cli 

160.5(08) Hg-C(2)-F(4) 123.6(22) 

87.7(02) Hg-C(2)-F(5) 117.5(17) 
109.8(07) Hg-C(2)-F(6) 116.3(21) 
108.8(07) F(l)-C(l)-F(2) 100.9(15) 

109.4(07) F(l)-C(l)-F(3) 103.0(15) 

108.6(07) F(2)-C(l)-F(3) 103.7(15) 

107.9(07) F(4)-C(2)-F(5) 102.2(25) 
112.3(07) F(4)-C(2)-F(6) 95.7(27) 

119.2(13) F(5)-C(2)-F(6) 96.4(24) 

113.6(12) 
114.5(13) 

1.344(25) 

1.350(21) 

1.408(22) 

1.378(22) 

1.360(29) 

1.430(22) 

1.380(23) 

1.391(23) 

1.414(32) 

1.402(23) 

1.360(26) 

1.359(32) 

1.339(23) 

1.398(20) 

1.408(22) 

1.314(21) 

1.367(23) 

1.398(22) 

2.837(04) 

?Symmetry code: i = --x, 1 -y, 1 -2. 

and the dimeric [(CF3)2HgC12Hg(CFs)2]2- anion. 
The anion is formed from pairs of the Hg(CFs)2 
molecules bridged over by two chloride ions (Fig. I) 
at the Hg.. .Cl distances of 2.823(3) and 2.837(4) A, 
considerably less than the sum of corresponding van 
der Waals radii [ 1,241. The CHgC bond angle is 
160.5(8)“, thus the departure from the collinearity 
of the C-Hg-C bonds is greater than any observed 
until now [3-lo]. But the geometry is still far from 
the tetrahedral one expected for the ideal case of 
a complex with the tetra-coordinated mercury atom. 
Consequently, the chloride-to-mercury donor- 
acceptor interaction should be estimated as moderate 
and the compound considered as a complex only 
in the crystalline state. Such a characterization is 
justified also by considering the value of the C-Hg 
bond length of 2.04(2) and 2.07(2) 8, which did 
not increase in comparison with the value of 2.118- 
(16) A found in the Hg(CFa)2 crystals [25]. The 
interatomic distances and bond angles are given in 
Table IV. They are in agreement with the values 
previously observed in analogous compounds. 

The conductance of the thiocyanate adduct in 
nitrobenzene solution agrees well with the value for 
the 2:l electrolytes, which means that it can be 
considered as a phosphonium (or arsonium) salt 
containing the [Hg(CFs)2(SCN)2]2- complex anion. 
Consequently, the Hg.. .S donor-acceptor link is 
stronger than the Hg...Cl one as expected. Unfor- 
tunately, all our attempts to prepare a crystal suitable 
for X-ray structure analysis have been unsuccessful 
so far. 

In the infrared spectra the absorption bands ex- 
pected for the onium cation, e.g. ring vibration bands 
at 1590, 1485 and 1440 cm-‘, the P-C stretching 
vibrations at 725 and 528 cm-’ [26], as well as the 
C-F stretching vibrations in the region of 1150- 
1025 cm-r [25], were observed. The absorption 
band at 2059 cm-‘, usually observed near 2100 
cm-’ [27] in the spectra of the thiocyanate com- 
pounds, may be assigned to the CN stretching vibra- 
tion of the nitrogen-to-mercury linked thiocyanate 
ion, as it had been done previously by Ahuja and 
Yadava [28] in the case of mercury(I1) thiocyanate 
hexamethylenetetramine. 

Supplementary Material 

The calculated and observed structure factors, 
and the anisotropic temperature factors are available 
from the authors on request. 
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