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Summary 

Force constants of [Hg(CF,),], [Hg(CCl,),], [Hg(CF,)X] (X = Cl, Br or I) and 
[Hg(CCl,)X] (X = Cl or Br) have been calculated using a valence force field and 
wavenumber data from solutions. The potential energy distributions show substan- 
tial mixing between the symmetrical stretching and umbrella deformation coordi- 
nates of the trihalomethyl groups. The high degree of mixing of HgC and HgX 
stretching coordinates in [Hg(CF,)Br] and [Hg(CF,)I] accounts for the discontinuous 
frequency and intensity trends in the [Hg(CF,)X] series. 

The results are discussed in comparison with methylmercury and other trifluoro- 
methyl systems. 

1 Introduction 

In the last 30 years there has been a substantial amount of work on the synthesis 
of trifluoromethyl organometallic compounds, but relatively little on corresponding 
trichloromethyls. For mercury(I1) CF, and Ccl, derivatives are well established, and 
for compounds [Hg(CY,),] and [Hg(CY,)X] (Y = H, F or Cl; X = Cl, Br or I) 

vibrational spectra have been studied in detail [e.g. references I-31. 
In the case of methylmercury compounds we have performed normal coordinate 

calculations [ 1,2] and to gain an insight into the effect of the electronegativity of 
substituents on the methyl group we report comparable force field studies for the 
trihalomethyl compounds. 

Brauer et al. have also recently studied [Hg(CF,),] [4] using a valence force field, 
as well as cu-[Hg(CF,)N,] and [Hg(CF,)NCO] [5], while Eugen has investigated the 
force field for [Hg(CH,)(CF,)] and its deuterated analogue [6]. Hase [7] used the 
data of ref. 3 in a Urey-Bradley approach but we do not understand the numerical 
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values reported which bear no resemblence either to our own calculations or to 
published work on any other CY, systems. 

Force constant calculations 

Tetrahedral angles about carbon and linear bonding about mercury have been 
assumed for [Hg(CY,)X] molecules. The CF and CC1 bond lengths have been taken 
as 134 [5] and 177 [6] pm respectively. The CHg and HgX bond lengths have been 
assumed to be the same as used for calculations on corresponding methylmercury 
halides [2]. For [Hg(CF,),] we have used the exact gas phase parameters determined 
by Oberhammer [S]. The HgC bond length for [Hg(CCl,),] has been assumed to be 
209 pm. Approximate descriptions and symmetry properties of the fundamental 
vibrational modes are given in Table 1. Wavenumbers from the study of solutions ]3] 
were used as the goal for the force field refinements. 

The internal and symmetry coordinates used follow those adopted for [Hg- 
(CH,),] [ 1 J and [Hg(CH,)X] [2]. The procedures used for calculating the G matrices 
and refining the force constants have been outlined previously f9,10]. Initial force 
constants were taken from previous calculations for [Hg(CF,),] [4], [Hg(CH,),] [l], 
fHg(CH,)X] [2] and HCCl, [ 1 l-131. 

For the CF, derivatives, refinement gave satisfactory agreement with our experi- 
mental data. However, for the Ccl, compounds the force field from HCCl, (Fd) was 
not very successful in yielding an appropriate force constant matrix I;b for further 
refinement, and the following procedure was adopted. First the GFd matrix was 
diagonalised (eq. 1). 

LQGFd L, = A 0) 

Using the inverse eigenvector matrix and the diagonal matrix of experimental values, 
A exp, the F. matrix can be obtained (eq. 2). 

i;, iA,,pL;'=F 0 (2) 

For the fHg(CY,),] molecules there are 13 experimental frequencies and we have 
attempted to refine 11 force co&ants with four others constrained. In his HOFF 
treatment of CH, derivatives, Mills [14) proposed criteria which, applied to the 

TABLE I 

DISTRIBUTION OF FUNDAMENTAL VIBRATIONS FOR [Hg(CY,),] and [Hg(CY,rXJ 

Approximate 
vibrational 
description 

CY, sym. str. 
CY, asym. str. 
CY, sym. def. 
HgC SW. 
CX, asym. def. 
CY, rock 
HgC, bend 
H&X str. 
CHgX bend 

VI vs 
% 

v2 % 

p3 V? 

% 

VlO 

e, 
PwCY3 )X1 
a1 e 

VI 
VI1 VS 

v2 
v4 

VI2 % 

VI3 V7 

PI4 

V3 

63 
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TABLE 2 

FORCE CONSTANTS FOR [Hg(CF,),] AND [Hg(CCl,),] MOLECULES (UNITS lo* N m-l). 

Force constant Common atom(s) 

of internal 

coordinates 

[Hg(CF,)zI [Hg(CCl,),l 

KW9 
K(CHg) 

F(CX, CX) 

F(CHg, CHg) 

H(XCX) 

WXCHg) 

YCHgC) 

h’(CHg, XCHg) ’ 

h (XCHg, XCHg) 

f’(XCHg, H&X) (1 

f(XCHg, CHgC) 

constrained values 

QCH, CHg) 

h (CHg, XCHg) 

h (CX, XCHg) 

f(XCX, XCHg) 

5.093 2.681 

2.217 2.173 

C 0.570 0.523 

0.230 0.135 

0.865 0.388 

0.407 0.291 

_ 0.129 0.088 

Hg 0 0.037 

c-x 0.185 0.073 

Hg 0.022 0.042 

C-Hg 0.008 -0.016 

C 0.069 0.179 

C-Hg 0.098 0.115 

c-x 0.426 b 0.208 

c-x 0.056 0.032 

a f’ and h’ interaction constants between two CX, groups. 

b see text. 

present problem, should lead to: 

These two interdependent constraints were satisfactory for [Hg(CCl,),], but for 
[Hg(CF,),] we could not find an acceptable set of force constants satisfying both eq. 

3 and 4. For the latter we have used - Fg9 = Fslo = 0.575 X lo-’ N radd’ and 

42 = 0.65 x 10m8 N rad-‘; the value of h(CF, FCHg) = 0.426 x lo2 N m-‘, given 

in Table 2, is derived from F,,,. 
The final non-zero force constants in internal coordinates are listed in Table 2, 

and a comparison of experimental and calculated wavenumbers in Table 3 together 
with the potential energy distribution of internal symmetry coordinates between the 
normal modes. The symmetry coordinate force constants for [Hg(CF,),] were 
virtually the same as those determined by Brauer et al. [4], the minor discrepencies 

being the result of slight differences for the Raman frequencies of Y, , v, and y8 in ref. 
3. The force constants for [Hg(CCI,),] are the first values obtained for a trichloro- 
methylmetal derivative; the CC1 stretching force constant is lower than that for Ccl, 
[ 151 or HCCl, [13] and must be the result of the presence of the metal atom. 

For [Hg(CY,)X] molecules there are eight experimental frequencies and so eight 
force constants could be refined, with six others constrained. The relations corre- 

sponding to eq. 3 and 4 are - Fs 6 = F5 7 and F, 2 = -!-I;;, respectively. To obtain 
fi 

(Continued on p. 121) 



T
A

B
L

E
 

3 

E
X

PE
R

IM
E

N
T

A
L

 
A

N
D

 
C

A
L

C
U

L
A

T
E

D
 

W
A

V
E

N
U

M
B

E
R

S 
A

N
D

 
PO

T
E

N
T

IA
L

 
E

N
E

R
G

Y
 

D
IS

T
R

IB
U

T
IO

N
 

(P
E

D
) 

FO
R

 
[H

g(
C

F,
)J

 
A

N
D

 
[H

g(
C

C
l&

 
f 

(P
oi

nt
 

gr
ou

p 
I)

,,)
. 

W
N

W
,l 

m
3w

M
,l 

P
E

D
X

 
10

0 
P

E
D

X
 

10
0 

ob
s.

 
ta

lc
. 

$1
 

$2
 

$3
 

ob
s 

ta
lc

. 
$1

 
s2

 
83

 

aI
8 

v1
 

11
15

 
11

15
 

37
 

70
 

23
 

77
0 

77
0 

45
 

49
 

50
 

v2
 

71
2 

71
3 

69
 

60
 

2 
38

6 
38

4 
57

 
22

 
14

 

v3
 

22
5 

22
1.

6 
2 

1s
 

77
 

15
1 

15
1 

1 
37

 
44

 

11
38

 
11

38
 

40
 

73
 

20
 

79
6 

79
6 

40
 

46
 

45
 

71
5 

71
4 

63
 

22
 

2 
39

3 
39

4 
63

 
14

 
13

 
27

2 
27

2 
1 

12
 

80
 

20
0 

20
1 

0 
43

 
45

 

=
g 

%
 

10
44

 
10

44
 

v9
 

53
2 

53
1.

3 

“I
O

 
20

7 
20

7 

38
 

89
 

si
a 

10
6 

27
 

4 

10
 

75
 

0 

5 
3 

11
2 

72
4 

72
4 

28
0 

27
6 

13
1 

13
5.

6 

$3
 

s9
 

$1
0 

10
2 

29
 

11
 

13
 

65
 

2 

0 
12

 
99

 

e,
 

V
II 

10
83

 
10

83
 

V
I2

 
52

9 
53

0 

V
I3

 
26

0 
26

0 

V
I4

 
70

 
71

.4
 

4,
 

#I
2 

s1
3 

s1
4 

98
 

26
 

5 
2 

13
 

70
 

1 
1 

0 
7 

85
 

9 

4 
0 

26
 

90
 

7o
t 

26
9 

16
8 

70
1 

95
 

27
 

15
 

4 

27
3 

16
 

58
 

4 
2 

16
3 

0 
19

 
86

 
10

 

41
.5

 
1 

1 
6 

87
 

$1
1 

s1
2 

S
l3

 
s1

4 



T
A

B
L

E
 

4 

FO
R

C
E

 
C

O
N

ST
A

N
T

S 
FO

R
 

[H
g(

C
Fj

)X
] 

(X
 =

 C
l, 

B
r 

or
 

I)
 A

N
D

 
[H

g(
C

C
l,)

X
] 

(X
 =

 C
l 

or
 

B
r)

 
M

O
L

E
C

U
L

E
S 

(U
N

IT
S

 
lo

2 
N

 
m

-l
) 

Fo
rc

e 
co

ns
ta

nt
 

C
om

m
on

 

at
om

(s
) 

in
te

rn
al

 

co
or

di
na

te
s 

[H
gW

, 
)X

1 

x 
= 

C
l 

X
 =

 
B

r 
x=

x 

I%
W

U
W

 

x 
= 

C
l 

X
 =

 
B

r 

K
(C

F)
; 

K
(C

C
1)

 

W
C

W
 

W
-%

X
) 

F(
C

F,
 

C
F)

; 
F(

C
C

1,
 

C
cl

) 

H
(F

C
F)

; 
H

(C
lC

C
1)

 

H
(F

C
H

g)
; 

H
(C

lC
H

g)
 

W
C

&
X

) 
f(

FC
H

8,
 

FC
H

g)
; 

j(
C

lC
H

g,
 

C
lC

H
g)

 

5.
45

0 
5.

34
5 

5.
46

4 
2.

76
4 

2.
79

2 
2.

22
1 

2.
09

7 
2.

00
1 

2.
20

9 
1.

96
9 

2.
55

6 
2.

17
0 

1.
78

9 
2.

03
8 

2.
11

9 

C
 

1.
02

4 
0.

94
4 

1.
08

1 
0.

61
2 

0.
63

1 

0.
83

9 
0.

83
5 

0.
83

3 
0.

39
6 

0.
38

6 

0.
42

7 
0.

43
6 

0.
42

5 
0.

19
7 

0.
18

3 

0.
15

6 
0.

14
s 

0.
13

3 
0.

13
6 

0.
15

1 

C
-F

, 
C

-C
l 

0.
14

5 
0.

17
3 

0.
16

3 
0.

05
5 

0.
07

2 

C
on

st
ra

in
ed

 
oa

lu
es

 

W
H

%
 

H
IT

X
) 

W
C

, 
C

H
g)

; 
F(

C
lC

, 
C

H
g)

 

W
H

g,
 

FC
H

g)
; 

h(
C

H
8,

 
C

lC
H

g)
 

W
F,

 
FC

H
g)

; 
F(

C
C

I,
 

C
lC

H
g)

 

/(
FC

F,
 

FC
H

g)
; 

f(
C

lC
C

1,
 

C
lC

H
g)

 

f(
FC

H
8,

 
C

&
X

);
 

j(
C

lC
H

g,
 

C
H

gX
) 

H
g 

0.
16

0 
0.

10
0 

0.
06

0 
0.

22
0 

0.
21

0 

C
 

0.
27

1 
0.

27
1 

0.
27

1 
0.

15
0 

0.
15

0 

C
-H

g 
0.

14
6 

0.
14

6 
0.

14
6 

0.
11

1 
0.

17
1 

C
-F

, 
C

-C
l 

0.
37

3 
fa

 
0.

37
3 

a 
0.

37
3 

a 
0.

20
8 

0.
20

8 

C
-F

, 
C

-C
l 

0.
05

6 
0.

05
6 

0.
05

6 
0.

03
2 

0.
03

2 

C
-H

g 
- 

0.
00

5 
- 

0.
00

s 
- 

0.
00

5 
-0

.0
16

 
- 

0.
02

4 

0 
Se

e 
te

xt
. 



ii 
T

A
B

L
E

 
5 

E
X

P
~

R
tM

E
N

T
A

L
 

A
N

D
 

C
A

L
C

U
L

A
T

E
D

 
F

U
N

D
A

M
E

N
T

A
L

 
W

A
V

E
N

U
M

B
E

R
S

 
A

N
D

 
P

O
T

E
N

T
IA

L
 

E
N

E
R

G
Y

 
D

lS
T

R
tB

U
T

tO
N

 
F

O
R

 
~

H
g(

C
P

~
)X

] 
A

N
D

 

IH
g(

C
C

t,
)X

t 

a,
 

sp
ec

ie
s ob

s 
ca

tc
. 

P
E

D
 x

 1
00

 

-+
-I

 
$2

 
$3

 
s4

 

e 
sp

ec
ie

s oh
s,

 
ta

lc
. 

P
E

D
x 

10
0 

9 
S

6 
s7

 
s8

 

11
30

 
72

3 
25

0 
35

5 

11
25

 
12

4 
27

7 
21

6 

11
31

 
64

 
45

 
19

 
0 

%
 

72
3 

39
 

41
 

It
 

0 
*s

 
25

0 
0 

17
 

49
 

3 
“I

 
35

5 
0 

0 
4 

97
 

*a
 

11
25

 
60

 
30

 
19

 
0 

vs
 

72
3.

5 
43

 
39

 
8 

0 
*6

 

27
5 

0 
7 

41
 

51
 

v7
 

21
7.

7 
0 

8 
36

 
48

 
vn

 

10
93

 
52

6 
24

0 96
 

10
88

 
52

5 
23

7 73
 

10
93

 
10

0 
25

 
5 

2 
52

6 
II

 
75

 
1 

1 
21

0 
1 

3 
11

5 
2 

94
 

0 
1 

9 
11

7 

10
88

 
10

1 
25

 
5 

2 
52

.5
 

If
 

75
 

1 
0 

23
0 

2 
3 

11
9 

3 
70

.4
 

0 
1 

9 
11

8 

F
-M

C
F

,N
 

“I
 

11
21

 
11

21
 

68
 

46
 

14
 

0 
ys

 
10

85
 

10
85

 
29

 
94

 
3 

2 
v2

 
11

7 
72

2 
3.

5 
47

 
9 

0 
*l

i 
52

4 
52

4 
89

 
9 

2 
3 

v3
 

2.
56

 
25

7 
0 

S
 

50
 

34
 

Y
.f

 
23

0 
23

0 
6 

0 
11

0 
8 

vs
 

17
6 

17
8 

0 
3 

31
 

66
 

v,
 

60
 

71
 

4 
0 

9 
89

 

IH
g(

C
C

t,
)C

lJ
 

V
I 

78
0.

5 
78

0.
6 

48
 

43
 

44
 

0 
v5

 
71

7 
71

7 
36

 
9t

 
10

 
4 

v2
 

39
6 

39
4 

54
 

20
 

16
 

0 
&

 
27

7 
22

7 
87

 
12

 
6 

1 
v3

 
17

7 
16

8 
0 

41
 

44
 

0 
v7

 
15

6 
15

6 
0 

2 
99

 
to

 
p4

 
35

0 
35

1 
0 

0 
1 

10
0 

%
 

83
 

85
 

5 
I 

10
 

85
 

IH
g(

C
C

t 
3)

B
rl

 
vi

 
77

3 
77

3 
51

 
46

 
46

 
0 

5 
71

4 
11

4 
36

 
91

 
t0

 
4 

p2
 

39
1 

39
3.

5 
51

 
24

 
18

 
0 

“6
 

27
5 

27
5 

88
 

11
 

8 
t 

v3
 

16
6 

16
8.

5 
0 

34
 

36
 

10
 

v7
 

15
2 

15
3 

t 
2 

to
3 

10
 

p4
 

24
4 

24
7 

0 
4 

9 
91

 
“8

 
63

 
64

 
5 

1 
8 

86
 



121 

F5, we used Torkington’s method [ 161 of constructing ellipses relating diagonal and 

off-diagonal terms. Plots of F55 and F7, against F5, gave minima for the diagonal 

terms and. indicated the value -Fs6 = 0.37 X lo8 N rad-’ for [Hg(CCl,)- 
Cl]. For [Hg(CF,)Cl] this method gives - Fs6 = 0.50 x 10e8 N rad-‘, slightly lower 

than for the corresponding term (Fs9) used for [Hg(CF,),]. The other related 
diagonal force constants, Fe6 and F8 8, did not display minima with - Fs6 in the 
range O-l X lo-’ N rad-‘. In the same way as for [Hg(CF,),], we could not fix a set 
of force constants for the [Hg(CF,)X] molecules which satisfied the two relationships 
involving F5 ,. The value we quote, h(CF, FCHg) = 0.373 X lo2 N m- ‘, arises from 

F56, but for F,2 we have used 0.47 X lop8 N rad-‘. 
The force constants which gave the best fit for the [Hg(CY,)X] molecules are 

given in Table 4. Table 5 gives the comparison between experimental and calculated 
wavenumbers, together with the computed potential energy distributions. 

Discussion 

For the trihalomethylmercury compounds, the potential energy distributions 
(Tables 3 and 5) show very strong coupling between CY, symmetric stretching and 
umbrella deformation contributions to the normal modes. Indeed this is so marked 
that simple qualitative descriptions of e.g. Y, and y2 are inapplicable. For the 

trichloromethyl compounds the mode that would conventionally be classified as the 
symmetric deformation showed well resolved chlorine isotope features in the low 

temperature Raman spectrum [3], a clear experimental manifestation of the strong 
CC1 stretching contributions. 

In the CH, and CD, mercury systems the contribution from metal-carbon 
stretching to v1 is very small [l] but increases strongly in the order CH, < CF, < Ccl,. 

These two facets together demonstrate the extent to which the highest frequency 
totally symmetric modes are predominantly motions of the carbon atom. 

The modes of the trifluoromethylmercury halides with predominantly Hg-C and 
Hg-X stretching character showed a specific behaviour. In [Hg(CF,)Cl] v3 and V, are 
well separated in wavenumber and the Hg-Cl stretching mode is essentially individ- 
ual. In contrast, for the bromide (and to a lesser extent for the iodide) the coupling 

between v3 and V, is very strong. Indeed the contributions from S, and S, are 
practically equal to vJ and v, and this manifested itself in discontinuous frequency 

and intensity trends in the [Hg(CF,)X] series [3]: with the similarity of CF, and Br 
masses, and of HgC and HgBr stretching force constants, v3 and vs assume close 
correspondence to asymmetric and symmetric stretching modes of a linear YXY 
system. The features that might ordinarily be regarded as “HgC stretching” do not 
follow the usual trend Cl > Br > I for [Hg(CF,)X] but the K(CHg) force constants 
(Table 4) still do so. 

For [Hg(CF,)X] the K(HgX) force constants follow the usual order but in 
[Hg(CCl,)X] K(HgBr) is marginally greater than K(HgCl), for which we can see no 
obvious explanation. 

Strong coupling between CH, rocking and CH, asymmetric deformations was 
noted for [Hg(CH,),] [ 11, but similar coupling in the trihalomethyl systems is much 
less marked. 

Table 6 compares skeletal wavenumbers and force constants for systems with two 
methyl or substituted methyl groups. For [Hg(CF,)(CH,)] and [Hg(CF,)(CD,)] [6, 
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KCCH4, 

(IO* N rdt - 

22- 
I 8 

204 206 208 210 pm 
R (CHg) 

Fig. 1. Correlation between HgC bond lengths (ra or re) and stretching force constants. 1, [Hg(CH,)Cl] 

]2,22]; 2, ]Hg(CHs)Brl ]2,22]; 3, [Hg(CH,)Il [2,23]; 4, [Hg(CHs), ] [1,24]; 5, [Hg(CFs),] [8]; 6 and 6’ 

W~(CF,)(CH,)I ]171. 

17f the Hg-CH, or Hg-CD, stretches are slightly higher than the frequencies of the 
asymmetric stretches of the [Hg(CH,/D,),j derivatives but the Hg-CF3 stretch is 
nearer to the mean value of the two stretching modes in [Hg(CF,),]. On the basis of 
this behaviour we could expect a molecule [Hg(CCl,)(CH,)] to show its Hg-CClr 
stretching vibration at about 170 cm-‘. As the masses of the methyl substituents in 
[Hg(CY,),] increases the separation of the symmetric and asymmetric stretching 
modes is proportionately greater. However, although for both the CF, and CCI, 
derivatives the F(CHg, CHg) interaction constants are much greater than for 

TABLE 7 

SKELETAL WAVENUMBERS FOR METHYL DERIVATIVES OF MERCURY(II), OBTAINED 
FROM SOLUTIONS 

Compound r(CHg) G&X) a(CH8X) Ref. 

UWCH 3 WI 553 335.5 135 2 

iHg(CWC~l 506.8 334.8 125 2 

VW-WWI 545.3 228 121 2 

]HgBr(CDa)] 499 227.8 110 2 

P-WWPI 533 181 122 2 

[Hg(CD, 111 498.5 181 104 2 

U-W=,K’V 559 378 124 25 

[Hg(CD, PJI 510 384 115 25 

IHg(CE, )Cll 250 355 96 

]HgBr(CF, )I 277 216 73 

IHg(CE,)I] 256 176 60 

]Hg(CE,)N,l 263 399 140 5 

P-MCWNCOI ’ 264 404 140 5 

W$CC~,PI 177 350 83 

P-WWCWI 168.5 247 63 

n From Raman spectra of dimers in solid state. 
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TABLE 8 

FORCE CONSTANTS FOR METHYL DERIVATIVES OF MERCURY(H) [lo’ N m-‘1 

Compound WCHg) WHgX) WCHgX) K(CH) 

K(CF) 
K(CC1) 

Ref. 

FMCH,)CU 2.55 2.08 0.097 4.87 2 
PWWWI 2.48 1.79 0.086 4.87 2 
WgWWl 2.38 1.55 0.076 4.86 2 

P-WWCNI 2.45 2.38 4.77 25 

[WCWCII 2.22 2.57 0.156 5.45 

[HgBr(CF,)I 2.10 2.17 0.145 5.34 
P-WWII 2.00 1.79 0.133 5.46 

[Hg(CF,)N, 1 2.37 2.00 0.155 5.06 5 
P-M’%)NW 2.37 2.10 0.150 5.06 5 

[Hg(CCl, 01 2.21 2.04 0.134 2.76 
[HgBr(CCl, )I 1.97 2.12 0.151 2.79 

[Hg(CH,),J it is by far the largest in [Hg(CF,),]. The K(CHg) force constant 
decreases in the order CH, > CF, > Ccl, but by less than 10% between the first and 
last. 

Figure 1 shows a fair linear correlation between mercury-carbon bond lengths 
(gas phase values) and stretching force constants. The distances shown for 
[Hg(CH,)X] are r, bond lengths from microwave measurements [22,23], for 

[Hg(CH,),I 1241 and [Hg(CF,)J PI are re distances from electron diffraction, and 
those for [Hg(CF,)(CH,)] are the r, and r, values from microwave spectroscopy [ 171. 
The approximate general correlation is much improved if it is viewed in terms of two 
series, [Hg(CH,)X] and mercury dialkyls. 

The skeletal frequencies of [Hg(CY,)X] derivatives are summarised in Table 7, 

2.5- 

25 Electronegativity of X 30 

Fig. 2. Relationship of HgC and HgX stretching force constants to the electronegativity of X in 

W&F,)Xl. 
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Fig, 3. Relationship of CF stretching force constants to the first ionisation potential of X in CF,X. F, CF, 

[29,30]; H, CF,H [32,33]; 0, o(CF,), [34]; C, C(CF,), [35]; Se, CF,SeX(CI, Br) [37]; S, N(SCF,), [38]; 

Cl, CF,Cl[31]; Br, CF,Br [31]; P, P(CF,), 1361; Ge, [Ge(CF,)(CH,),] [39]; Sn, [Sn(CF;)(CH:),] 1391; Pb, 

[Pb~CF~XCH~)~l[391. 

and force constants of primary importance in Table 8. Between CH, and CF, series 
the Hg-C force constants fall by 13-1646 whilst the Hg-X force constants rises by 
24 (Cl), 21 (Br) and I5 (I) %. Figure 2 shows an almost linear correlation between 
the skeletal stretching force constants of [Hg(CF,)X] and the el~tronegativity of X, 
and similar relationships exist between these force constants and electron affinity or 
first ionisation potential of X as suggested previously for [Hg(CH,)X] [26]. 

An empirical relationship between HgX stretching force constants and bond 

TABLE 9 

CF STRETCHING FORCE CONSTANTS FOR CF,X TYPE DE~ATI~S 

Compound X QCF) 
(lo2 N m-‘) 

IPOEX 

(ev) 

Ref. 

CF, 

CF,CI 

HCF, 

Cl 

H 

CF,Br Br 

o(CF,), 0 

‘WF,), C 

W&h P 
CFJeX (X = Cl, Br) Se 

WCF,), S 

IHg(CF,)Xl &I 
[GefCF,XCI%M Ge 

~W-3XC~3)31 Sn 

D’W‘TXC~3)31 Pb 

F 6.97 

7.16 

6.75 

6.48 

6.45 

6.46 

6.40 

6.09 
6.24 

5.82 
5.79 

5.06 - 5.46 
5.50 
5.38 

5.29 

17.4 

1301 
13.6 

11.84 

13.6 

11.3 
10.5 

9.75 
9.15 

! 0.43 
7.9 

7.32 

7.41 

29 

30 

31 

32 

33 

30 

34 

35 
36 

37 
38 

this work 

39 
39 

39 
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400 300 cm’ 

Fig. 4. Raman spectrum for solid [Hg(CCl,)Cl] at 100 K in the range of v2. (a) observed spectrum, (b) 
isotope effect of in-phase vibration, (c) isotope effect of out-of-phase vibration. 

dissociation energies of HgX, molecules [27] is found, of the form 

Q = 105 K(HgX) + 57.5 (5) 

where Q is in kJ mol- ’ and K(HgX) is in lo2 N m-l. If this is used for 
organomercury halides the HgX bond dissociation energies are calculated to be: 

x = Cl 216 254 327 212 
X = Br 245 249 285 280 
x=1 220 217 245 

The force constants for the ethyl derivatives are taken from reference [28]. 
For trifluoromethylmercury derivatives the CF stretching force constants are in 

the range 5.06-5.46 x lo2 N m-‘, which is much less than for many other CF, 
systems (Table 9) although similar to [M(CF,)(CH,),] compounds (M = Ge, Sn or 
Pb) [39]. Lower values have been reported for the anion [CF,BF,]- (4.85 x lo2 N 
m- ‘) [40] and for CF,CN (4.15 X lo2 N m-i) [41]. The values reported in the 
literature correlate quite well with the first ionisation potential of the element to 
which the CF, group is attached (Fig. 3) but those of the mercury compounds are 
substantially lower than such a relationship implies. In the same way as K(CF) of 
[Hg(CF,),] is lower than in CF,, K(CC1) of [Hg(CCl,),] is substantially lower than 
in Ccl, [ 15,291. 
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For solid [Hg(CCl,)CI], the Raman spectrum recorded at 100 IS showed a six 
band multiplet near 400 cm-’ [3]. At natural abundance the Ccl, group gives rise to 
four chlorine-isotopic species with relative abundances 100 (335C1) 97 (13’C1, 235C1) 
31 (237Cl, 13%1) 3 (337Cl). Using the force field given in Table 4 for [Hg(CCI,)CI] 
the wavenumber separation for the four isotopic species was calculated. With a 6.6 
cm-’ correlation splitting the eight bands expected partially overlap to give the six 
peak pattern observed as a result of the joint isotope and lattice effect as shown in 
Fig, 4. 
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