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The concentration and temperature dependence of J(‘ggHg--C-‘gF) for so- 
lutions of CFJHgX (X = Cl, I, OCOCF, ) in various solvents shows that in inert 
solvents these molecules exist mainly as non-solvated dimers (X = I or OCOCF, ) 
or as monomers (X = Cl). In strongly coordinated solvents l/2 complexes are 
largely formed liom CFsHgX and the electron-donating solvent molenules. In 
pyridine solutions an equilibrium exists between the l/l and l/2 complexes. 
Complexes of the type CF3HgX.D are T-shaped and have a higher relative con- 
tent of s-electrons in the Hg-C-F group compared with tetrahedral CF3HgX- 2D 
complexes. 

Introduction 

In compliance with the conclusions of the first paper of this series [1] we 
have studied the effect of solvents upon the rates and mechanism of the reaction 
(1). Some of ~the kinetic data for this reaction in various solvents have already 

Bz,Hg + CF,HgX Solvent_ BzHgCFs + BzNgX (1) 

(where X = Cl, I, COOCFs 123.) 

been presented [ 31 .and more detail will be given in a later paper. The behaviour 
of dibenzylmercury in various solvents hasbeen studied by means of PMR spec- 
troscopy [4] . In the present work we. have applied .*‘F NMR spectroscopy. to 
CF3HgX.(X = Cl, I, OCOCFJ) molecule& in the same solvents. _ -. 

- . 

Results and discussions . . : 
- _ -. . . 

.Recently [5];.the spinspin coup&ng~constants ~(l~gHg-C~lgF!).&& -:- ‘. : 
kalysed for comp~oundsof thetypeCFJHgX-and.froln there it w& con&&&. 
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. . @iat in&&e of &zctr&+%hdrav$ing &O.&&r of X led to an &crease of the rela- 
tive:gontent of s-elections iq E&C! bonds, and an increa+ of p-eleckqns b.Hg- 
X. boxids; In particular it has been shown in the present work that for such mole- 
cules J( rggETgyC--‘gF) increases in -i;he series I < Cl.< OCOCF3. These changes 
of J(lggHg-C-lg F) are analogous to-the respective changes of J(lggHg--C-‘H) 
for si#l&‘CH3HgX mole&es. We therefore concluded that the regularities of 
chapges @ J( *.~~H~-JCY~$I) and J(‘ggHg-$-‘gF) for RlTgX molecules when X is 
altered-arti. sin&& id -are applicable to a study .of comple%ation.of such tiole- 
cules. 

.- 

. It,was shown p_rimariIy th+ for fused CF3HgOCOCF3 and CF3HgCl J(“‘Hg- 
C-lgF) values are cdtisiderably higher thti for their &lutions and are 2268 and 
2034 Hz respectively. Unfortunately it was not possible to carry out the experi- 
m&t with CFJHgI, owing to the volatility and instability of this compound 161. 
Decreasing .the temperature of the fused compound .to an increase of’J( lggHgL 
C--‘gFj, so we donchide &at for monome& CF&IgX molecules these constants 
are lower than for associated (CF,HgX), molecules. Bearing in mind that in 
crystals RHgX molecules are associated through X- - - -Hg bridging bonds [7] 
otie may assume that intermolecular coordination of electron-donating atoms 
(oxygen-in C@3HgOCOCF, or halogen in CF,HgHal) leads to an increase of 
J( lggHg-C--‘gF) values. On the other hand, the rupture of these intermolecular 
coordination bonds on dilution by.an inert solvent decreases these spin-spin 
coupling conktants;‘a fea&e which was observed for the compounds under in- 
vestigation on going from- the melts tosolutions in tetrachloroethylene, methyl- 
&e chloride and benzene (Tables l-3). It is important. to note that even in- 
strongly coordinated solvents such as dimethyl sulphoxide (DMSO), dimethyl- 
formknide (DMF), tetrahydrofuran (THF), &ridine and acetone J(’ “HgC- 
lgF) values are considerably lower than in the melts. Our data suggest that in inert 
solvents an important equilibrium exists between the associated and monomeric 
molecules of CFBHgX (eqn. 2). In strongly coordinated solvents there are various 

(FF&kX), = nCF3HgX (2) 

ec&ilibria between associated molecules, monomers, and l/l and l/2 complexes 
of CF3HgX with the solvents [S-lo]. Therefore, the J(‘ggHg-C--‘gF) constant 
observed for a solution of a given concentration at a given temperature could be 
presented in the form (3). . 

J ohs = &Q - J(A) + P(&) - J(A,) + ti(AW . J(D) + PW?Z) . J(AW 

+ ~(&Drz) : 4&i D, 1 (3) 

[where A is CF,HgX, D is solvent, p. is molar fraction and J is J(‘ggHg-CL’gF)] . 
.:. 
:A study of tha complexat& of methyl& halides [ 111 and dibenzylmercury 

141. c*@d out in our lab&tory &IO&& that the .concentration and:t&&perature 
dependence of .J(l.*gSn-C?H) and J( l?H~~-‘H) are very imjicative of the be- 

.- haviow of these mole&les in solution. We therefore studied the concentration 
and temperature dependence of .J(lggHg-C--‘gF) for the CF3HgX solutions men- 
tioned ahtive;data obtained are given in Tables’l-3. Analysis of these data 

i shdws $h& f?r soIut&n$ of- CFJHgCl.orlCFjl%gl k. C,Cla and for Solutiqns tif CF3H& 
in:.C?Wll. or .betienk.ti @reti .df tempera-e and-,of -the D/_b.r+o (the de- _- ._ ,. . . : 
_..‘- . . 
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TABLE1 :. 

~~NCENTRATIONANDTEMPERATUREDEPENDENCEOFJ(~~~ H9--C-'gF)CONSTA-NTSFOR. 
SOLTJTIONSOFCFSHgI 

Solvent D/A J$ggH~-&-'gF)(Hz) 

-10" +18O +30° +42O +50" +60" +70" 

DMSO 

DMF 

Acetone _ 

THF 

ccI~=ccI~ 

CHzCl2 

28 1768 1768 1768 
46 1768 i768 

1768 
1768 1768 

60 1768 .1768 1768 1768 

25 1768 
42 1768 
63 1768 

1768 
1768 
1768 

1768 1768 
1768 1768 
1768 1768 

25 1758 1758 1760 
41 1758 1758 1760 
67 1758 1758 1760 

28 1752 1752 
45 1752 1752 
61 1752 1752 

1756 
1756 
1756 

23 1694 1694 
32 1694 1694 
50 1694 1694 

1754 
1754 
1754 

1700 

1700 
1700 

1710 
1710 
1710 

19 1734 1720 
23 1728 1715 
45 1720 1708 

30 1722 
45 1716 
73 1710 

21 
35 
49 

1722 1722 
1716 1716 
1710 1710 

1708 1708 1708 1708 
1698 1698 1698. 1698 
1690 1690 1690 1690 

TABLE2 

CONCENTRATIONANDTEMPERATUREDEPENDENCEOFJ(lgg Hg-C-lgF)CONSTANTSFOR 
SOLUTIONSOFCF3HgCl 

Solvent D/A J('ggH5-C+-'gF)(Hz) 

-20° -loo +18O +30° +40° GO" +70° 

DMSO 

DMF 

Acetone 

THF 

20 
25 
33 
71 

18 
23 

43 

67 

16 
24 

35 
60 

18 

24 
34 

61 

1944 1944 1942 1942 1942 
1944 1944 1942 1942 1942 
1944 1944 1942 1942 1942 
1944 1944 1942 1942 1942 

1934 1934 1934 1932 1932 1932 
1934 1934 1934 1932 1932 1932 

1934 1934 1934 1932 1932 1932 

1334 1334 1334 1932 1932 1932 

1924 1924 l&z2 1922 
.1924 1924 1922 1922 

. 1924 1924 1922 1922 
1924 1924 1922 1922 

1914 1914 1914.. 1912 1910 

1914 1914 1914 1912 1910 
1914 1914 1912 1912 1910 

1914 1914 1912 1912 1910 
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. . .+o&,& 1.: )_: _-. , .. b;A &199Rg-_c--‘?F) (&) .--. . :. ’ ’ : -,. ’ ,: :. ~ 

~. .- -20" -lo"_ +180 +30° ._ +40" :.+66O +70° 

~FyrIdine, '. -. 18. 1888 1888. 1888 '1886 1886. 
23m 1888 i888 1888 1886 1886. 
32 .- 1888 1888 18.88 1886. 1886 
52- 1888 1888 1888 1886 1886 

CII~CIZ 23 1942 1936 1922 
42. 1934 1924 1908 
.74 . . 1926 1910 .1898 

cCI~=cCI2 14 1944 1912 
24 1924 1898 

40 1906 1884 

Benzene 16 1906 1900 1892 
31 .1890 1882 1878 

56. 1880 1874. 1870 

TABLE3 

CONCENTRATIONANDTEMPERATUREDEPENDENCEOFJ('gg IQ-C-' ' FJCONSTANTS FOR 
'SOLUTIONSOFCF3X6OCOCF3 

SoIvent WA J<lggHg--c-lgF)(Hz) 

-10" +18O +30" +40° +50° +60° +70" 

DMSO 22 
31 
49 
84 

Acetone 20 2198 
34 2198 

51 2198 
70 2198 

DMF 20 2194 
38 2194 
49 2194 
75 2194 

THF 20 2192 
35 2192 

48 2192 
66. 2192 

PyridIne 21. 2038 
40 2033. 

50 2038 
65 2038 

CH2CI2 27 

51. 
76 2176 

Benzelie 23 
40 
63. .-. 

2198 2200 
2198 2200 
2198 2200 
2198 2200 

2198 2198 
2198 2198 

2198 2198 
2198 2198 

2194 2194 
2194 2194 
2194 2194 
2194 2194 

2192 2192 
2192 2192 

2192 2192 
2192 2192 

2054 
2054 

2054 
2054 

2190 2190 

2182 2182 

2176 

2158 2158 
2150 2150 
2144 2144 

2200 2200 2202 2208 
2200 2200 2202 2206 
2200 2200 2202 2204 
2200 2200 2202 2202 

2198 
2198 
2198 
2198 

2196 
2196 
2196 
2196 

2196 2196 2200 

2196 2196 2198 
2196 2196 2196 
2196 2196 2196 

2192 
2192 

2192 
2192 

2082 
2082 

2082 
2082 

2158 
2150 
2144 

2158 
2150 
2144 
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crease of the.CF~H~~concentration) leads to a decrease o~.J(!?~H~-C~-‘~F), i.e. 
it-displaces equiIib+nn (2) towards the monomers. It is very interekng that for 
Soluti&~of CF$HgI_or CF3HgOCOCF3 ~.inCH&i~ or. benzene the J(“?Hs- 
“F) constants depend on concentration but not ‘on temperature_ To .explain this, 
we note that the half-widths of the. satellites due .to the mercury-fluorine coup- ~. 

ling in CF,HgX molecules depend considerably onthe nature of X; the solvent, 
and the temperature of the sample. The values of half-widths (Hz).increase in. 
the series Cl < 0COCF3 -% I, and with an increakof temperature. A similar pat- 
tern was observed earlier for CH, HgX molecules [l&l33 and was rationalized 
in terms of anion exchange in these compounds. Consequently, association of 
CF3HgX molecules decreases in the series I 9 OCOCF3 _> Cl. Therefore, in the 
case of the chloride it is much easier to displace equilibrium (2) towards the 
monomers by dilution with inert solvents than in the case of the trifluoroace- 
tate or the iodide. As for the influence of temperature on solutions of CFa HgI 
or CF3HgOCOCF3 in Cl&C& or benzene we may assume that these strongly as- 
sociated molecules exist mainly in the form of dimers (I) in the solutions under 
investigation. 

CF,-Hg!I >~gcF, 

“X’. 
(1) 

The dimers are weakly solvated by CHzClz or benzene and there are-three 
equilibria in these solutions (4-6). An increase of the temperature of the solu- 

WFd-kX), =+ 2 CF3HgX (4) 
(CFsHgX), + 2D = (CF3HgX*D)2 (5) 

CF3HgX + 2D =+ CFsHgX= 2D. (6) 

tion wii displace equilibrium (4) towards the monomers and at the same time 
equilibria (5) and (6) towards the nonsolvated dimers and monomers, respectively. 

In the preceding paper, we made some conclusions about the l/l and l/2 
complexes of BzzHg with various solvents 143. We found that for a tetracoordina- 
ted mercury atom the J(lggHg-C--‘H) constant is lower than for a tricoordinated 
one. We may assume that J(lggHfl-lg F) for (CF3HgX-D)2 is lower than for 
dimer.(I) and so the constancy of Jobs at various temperature is apparent. For 
solutions of CF3HgX molecules in such solvents as DMSO, DMF, THF, acetone 
and pyrkline, it is important to note primarily that for CF3HgCl the Jobs values 
do not depend either on the concentration, or on the temperature but decrease 
in the series (see Table 2): 

DMSO > DMF > Acetone > THF > Pyridme (7) 

This observation may be rationalized ifwe assume that only complexes of jbe 
typ@ CFsHgCl-2D exist for all concentrations and tit all temperatures and that 
the J(lgsHg-C-‘sF) values observed reflect a redistribution of electron-density 
in these complexes. In compliance with former conclusions [gj , these J(“_‘Hgj- 
C!-lgF) constantsfor complexes with various soivents reflect the electro-donor 
power of the solverits, and therefore the sequence ‘(7) is the order of-elec&on- 
donor ability of the solvents under investigation; ; 
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.- : The.&ure’~h&g& slightly on going fIo& CF&IgCl tc.CF&IgI (Table:1). 
-orCF&gOCOCF; (Table 3). For CFBHgI the’Jobs values for solutions in DMSO 
or DMF -are the same and; although ‘tie hati& the sapre order- of eletitronclonor : 
.ability for the rest Of solyents; there is’s temperaturi dependence of Jobs for .- 
pyridine; This inay be r&i&alized if we assum&-that equilibrium (8) is the most 
important in these sol&ions. An increase of temperaturedisplaces equilibrium 

CF3HgI; D + ti +_ tii?&gI~2D @I 

(Sit0 complexes of me type CF3HgI-D and J ohs increases in accord with the 
conclusions derived hi the preceding paper [43 on the complexes such as 
Bz*Hg- D and Bz2Hg- 2D. So we conclude that CFJHgI- D complexes are T-shaped, 
and the donor-acceptor bond in the complexes is of the p-d-type while the relative 
co&e& of s-electrons in the F-C-Hg group is higher than in the CF3HgI mole- 
cule and in the CFBHgI- 2D complex. The latter complex is a distorted tetragonal 
pyramid in which the bonds of mercury with carbon, iodine, or-donor atoms.of the 
solvents are sp3 -hybrids. 

The same conclusions have been derived for complexes of CF3HgOCOCF3 
with pyridine (Table 3). For the electron-donor ability of soltients with respect 
to this organomercury molecule, we have obtained the sequence (9) in which the 

DMSO > Acetone > DMF > ‘IT-IF 9 Pyridine (9) 

differences between the Jobs for the various systems (except for pyridine) are 
very small. 

eperimental 

The synthesis of the compounds CF,HgCl, CF,HgI and CFJHgOCOCF3 was 
carried out as described elsewhere 163. The method of purification of the sol- 
vents used is described elsewhere [ 141. 

. . “F NMR spectra were measured on a JEOL JNM 4H-100 spectrometer 
(94 MHz). Frequency sweep mode was employed and the “F CF3HgX signal 
was used as the internal lock. Spin-spin coupling constants were measured ac- 
curately to:+ 1.0 Hz. The temperature was adjusted by means of a JEOL T-3 
probe- and was measured accurately to f 2”. 
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