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Summary. Vibrational assignments for Hg(C2H5)X (X = Cl, Br 

or I) and HgBr(C2D5) are proposed, on the basis of solution 

studies as far as possible. For the bromides, 21 force 

constants are refined in the presence of 12 constrained 

values from C2H5C1 and 12 of these are used as additional 

constraints in refining 9 force constants for the chloride and 

iodide. The nature of the normal modes of Hg(C2H5)C1 is 

discussed. The Hg-C stretching force constants of the ethyl 

compounds is marginally higher than in corresponding methyl 

derivatives _ 

There have been several investigations of the vibrational 

spectra of diethylmercury [1-9J but those of the ethylmercury halides 

have received comparatively little attention [3,5,6,10]. Infrared and 

Raman spectra of liquid ethylmercury cyclopentadienyl 1111 and of solid 

bis-ethylmercury-cyanamide [ll] and ethylmercury azide [12] have been 

studied. The measurements reported for the ethylmercury halides have 
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for the most part been from infrared spectra of solids ; only 1 imited 

Raman data are available El1 ,l.?]. In no case has there been any report 

of spectra cf deuteriated ethylmercury halides, although those of 

Hg(CH2CD3)2 [7] and Hg(C206)2 [8] have been documented. Normal 

coordinate calculations have only been performed for Hg(C2H6)2 [5:5,12,l~j. 

The incompleteness of vibrational data and force field studies 

for ethyl derivatives of metals has recently been noted in books by 

both Efaslowsky [147 and Nakamoto Cl61 - It seemed important, therefore, 

to make a careful re-examination of the vibrational spectra of the 

ethylmercury ha1 ides in solution and in the solid state. Here we 

present our attempt at interpretation of the infrared and Raman spectra 

of Hg(C2H5)X (X = Cl, Br, and I) and HgBr(C2D5), together with the 

calculation of their force constants. 

Results 

Vibrational assignments: Molecules Hg(C2H6)X with the gauche ethyl 

group configuration are of point group C,. They have 21 vibrational 

fundamentals, 13 synrnetrical with respect to the plane of symmetry (A’ 

modes) and 8 unsymmetrical (A” modes). The A’ mcdes may be unambiguously 

identified in Raman spectra of solutions if they give rise to detectably 

pol arised bands _ In addition to our own measurerrents, results of previous 

assignments for these L-6,10,13] and the related 1~01 ecu1 es diethylmercury 

[5,6,7,10-j, ethyl halides p6-211 and ethyl cyanide [22] have been used. 

Most of the fundamentals have been determined from solution 

spectra and are sunmmrised in Table 1; values from solid state 

measurements are only included where solubility 1 imitations or solvent 

interference ;x-evented their observation in solution. 

Overlap of CH3 and CH2 modes gives rise to some difficulty 

in assigning CH stretching vibrations. Four intense i-r. bands are 

observed and Raman measurements confirm that two of them contain A’ 

components. It is probably valid that the highest includes the CH2 

symnetric stretch and that the lowest is the CH3 symnetric stretch @l]. 
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and that the depolarised feature observed for the bromide and iodide is 

A” CH3 asyr;n;etri c stretch. The assignment of v14 as coincident with 

vl is somewhat arbitrary; in ethyl iodide the asymnetric CH2 stretch 

is assigned to a weak band above 3000 cm -’ 1167 and it is possible that 

we are not observing it for the ethylmercury compounds. 

Asymnetric deformations of methyl groups and methylene 

bending modes invariably occur in the same range, 1400-1500 cm . The -1 

highest band in this region showed two components in the i-r. spectra 

of the solids. For solutions the i-r. spectrum of the chloride shoxed 

a high wavenumber shoulder on the band just above 1450 as did the Raman 

spectrum of the iodide. We assign the two methyl group modes above the 

rnethylene mode. The CH3 symnetric deformation is assigned around 

1380 cm . -1 

The intense, coincident i-r. and polarised Raman bands just 

below 1200 cm-’ are the most halide-sensitive of the ethyl group.modes 

and can be readily assigned to CH2 wagging (they are akin to the 

symnetric CH3 deformation of Hg(CH3)X which shows similar X-sensitivity 

[23J )_ This differs from earlier assignments of this mode in ethylrnercury 

systems which were studied by i.r. alone and/or without the aid of a 

deuteriated analogue [6,10-131; it is in keeping with the behaviour 

observed in other heavy-atom ethyls L-7,24]. 

The observation that the Raman band around 960 cm-’ for the 

bromide and iodide is polarised suggests its origin as C-C stretching. 

We note that in the i.r. spectra of the solids there are always two 

bands in this region separated by 11, 14 and 16 cm-’ respectively for 

increasing X mass, but there is only one band observed for the solutions. 

The CH3 rocking mode in Hg(CH3)X was observed as a very strong i.r. band 

near 760 cm -’ , with at best a very weak Raxan counterpart [23]. The 

band just below 700 cm-’ for the ethyl analogues has the same intensity 

characteristics and is thus assigned as CH2 rocking (vlg). 

The strong, pol arised Raman band just above 500 cm-’ is 

clearly due to Hg-C stretching (v,,,) end shows the same halide sensitivity 
lContinued on p. 134 
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as the corresponding mode of Hg(CH3)X. The solid Raman spectrum of 

Hg(C2H5)Cl showed an additional weak feature 17 an 
-1 to low 

wavenumber which may be the corresponding Hg-‘3C mode. 

In addition to the HgX stretching modes which are obvious and 

the CHgX bending modes to be expected below 130 on -’ 1231 there are two 

more low wavenumber fundamentals to be assigned, CCHg bending (~1,) and 

the internal ethyl-group torsion (Vet). The former is readily 

distinguished by its polarised character in the Raman spectra. 

The ethyl group modes so far not discussed are A’ and A” CH3 

rocking, and A” CR2 twisting, with i-r. bands about 1 120 cm -1 

and, -1 i-r. and Raman bands about 1 020 cm in all cases to consider. 

The assignments are somewhat arbitrary but previous assignments for 

ethyl halides have always placed the two CH3 rocking modes well 

separated, although not by as much as 100 cm 
-1 _ 

For HgDr( C205), there are three polarised Raman features in 

the CD stretching region identifying the A’ modes. The medium, 

polarised band at 967 cm-’ is presumably the CD2 wagging mode. Between 

900 and 700 cm-l, where C-C stretching CD2 twisting and two CD3 rocking 

modes would be expected on the basis of assignments for C2D5Br. we only 

observe one i .r. band (885 cm” ) and one Raman band (735 cm-‘); we 

tentatively associate the two rocking modes with the higher wavenumber 

feature and the other two vibrations with the lower. 

Force Constant Calculations: For the normal coordinate calculations 

tetrahedral angles about C and ?inear geometry about Hg have been 

assumed. Bond lengths have been taken from similar molecules [25,26}: 

‘CH = 109 pm; rcC = 156 pm; rHgC = 206, 207, 209 and r 
H9X 

= 228, 241, 

253 pm for X = Cl, Br and I respectively. 

The internal coordinates are shown in Fig. 1. The procedures 

used for calculating the G matrix and refining the force constants have 

been out1 ined previously [27,28]. Initial trial force constants were 

taken from the ethyl halides [17,20,21.29] and the methylmercury halides 

[23]. The force field applied by Dempster and Zerbi f_2C] gave the best 
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Figure 1. Internal co-ordinates for C2H5HgX 

Additional co-ordinates : E- out-of-p1 ane 

CHgX deformation, T methyl torsional mode. 

agreement between observed and calculated wavenumbers for the ethyl 

and is the basis of the results presented here. 

There are 42 possible fundamentals for HgBr(C2H5) and 

HgBr(C20,-) together. For the latter only one feature is observed below 

200 cm-l. We are reasonably confident of 33 of our assignments. Whilst 

the remaining ones are debatable those proposed are in roughly the right 

wavenumber region. We have attempted to refine 21 force constants which 

include all 13 diagonal force constants, 4 stretch-stretch interaction 

constants, 3 angle-angle cross terms (one about the CH3 group and two 

about the CH2’group), and the torsional force constant. The stretch- 

bend and other bend-bend interaction constants have been constrained 

to the values of Dempster and Zerbi for C2H5C1 [20]. 

The refined force consta.nts for the bromides were transferred 

to Hg(C2H5)Cl and Hg(C2H5)1, and the stretch and stretch-stretch inter- 

action force constants for the CH2HgX (X = Cl and I) groups further 

refined together with C-C stretching and CHgX bending force constants. 

The final force constants, expressed in terms of internal 

coordinates are given in Table 2. Comparisons between assigned 

experimentaJ and calculated wavenumbers are presented in Table 3. 
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TASLE 2. 

FORCE CONSTANTS FOR Hg(C2H6)X (X = Cl, Br or I) HOLECULES : 

Force Coordinates CIHmlOn 
constant Group involved atom{ s) x = Cl X-=Br X=1 

Stretch 

CH3 

CH2 

cc 

CHg 

HgX 

Stretch-stretch 

Fr 

Fd 

Ff?M 

FMX 

Bend 

CH3 

CH2 

C.CHg 

CHg .HgX 

H a CH3 

73 CH3 

“6 CH2 

H 
Y 

CH 2 

H 
6 

CCHg 

“e 
HCHg 

HE 
CHgX 

HEl CHgX 

Stretch-bend 

CH3-C 

C-qH2 

CC”s 

C-CH2-Hg 

CC”9 

C-CH2-Hg 

a-l 

CH 

cc 

C”g 

HgX 

CH,CH C 

CHJH C 

CC ,CHg C 

CHg .HgX Hg 

HCH 

HCC 

HCH 

HCC 

CCHg 

HCHg 

in-plane 

out-of-plane 

CC,HCC 

CCiCCH 

CC,CCHg 

CC,HCHg C (-0.139) 

CHg , CCHg C-Hg (0.293) 

CHg,HbHg C-Hg (0.550) 

4.644 

4.202 

2.643 

1.876 

4-642 

4.845 

3.99 

2.517 

1.792 

o-121 

O-581 

0.025 

O.lOb 

0.120 

0.563 

0.024 

0.545 

0.456 

O-536 

0_621 

0.361 

0.586 

0.939 

0.811 

0.356 

0.456 

c-c (0.173) 

c-c (O-215) 

c-c (-0.114) -.. 

4.841 

4.187 

2.469 

1.518 a 

a 

0.121 d 

0.541 a 

0.004 a 

c 

C 

i 

c 

d 

t 

0.256 Q 

0.456 n 
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Bend&end. 

Fs CH3:C- HCC.HCC c-c -0.019 

FY 
C-CH2 HCCJCC c-c -0-002 

CH2W HCHg .HCHg 

CH-C-Hg (HCC.CCHg 
trans 

CH-C-Hg (HCC.CCHg 
gauche 
HCC.CCH 

-CH2-CH2- {trans 

-CH2-CH2- {;,cz;;i 

C-Hg 

c-c 

c-c 

c-c 

c-c 

O-313 

(0.037) 

(-0-037) 

(0.075) 

(-0.068) 

f 
Y6 

f 
Y6’ 

Torsion 

C-CH2-Hg H6CC,H6CHg H-C (0.091) 

C-CH2-Hg H6CC,H7CHg C (0.029) 

HT HC-CHg c-c 0.056 C 

a)/102 N m -1; b)/lO-8 N rad -1 ; c) /lo-‘* N m radm2 

Remarks: bracketed values were constrained; values omitted for Hg(C2H6)C1 and 

Hg(C2H6)I were set equal to those of HgBr(C2H6). 

Discussion 

For the two isotopic variants of ethylmercury bromide agree- 

ment between proposed experimental assignments and calculated wave- 

numbers is quite good, but the CH3 rocking modes v8 and v17 which 

depend to a great extent on constrained force constants, and for which 

assignments were the more speculative, proved the most difficult to 

acconnnodate. These modes proved the most difficult to fit in the 

detailed studies on the ethyl halides; indeed the highly mixed nature 

of the modes in this: frequency region could .well lead to a number of 

equally acceptable solutions even with a completely general force field. 

(Continz&?d on p; 1421 



TA
BL

E 
3 

!G
 

m
 

EX
PE

RI
ME

NT
AL

 AN
D 
CA

LC
UL

AT
ED

 FU
ND

AM
EN

TA
L WA

VE
NU

MB
ER

S F
OR

 H
u(

C2
H5

)X
 

AS
SI

GN
ME

NT
 AN
D 
AP

PR
OX

IM
AT

E 
DE

SC
RI

PT
IO

N O
F 
MO

DE
 

W2
H5

)C
1 

H!
W(

CZ
H5

) 
Hg

Br
(C

2D
5)

(a
) 

Ob
s.

 
Ca

lc
. 

Oh
s,

 
Ca

lc
. 

Db
s.

 
Ca

lc
. 

-_
_-

_-
._

_ 
--

-_
_.

 

Hg
(C

2H
5)

I 

Ub
s.

 
Ca

lc
. 

A'
 y
 

CH
2 
sy

m 
st

r 

v2
 
CH

3 
as

ym
 s
tr

 

u3
 
CH

3 
sy

m 
st

r . 

u4
 
CH

3 
as

ym
 d
ef

 

u5
 
CH

2 
be

nd
 

v6
 
CH

3 
sy

m 
de

f 

v,
 
CH

2 
wa

g 

v8
 
CH

3 
ro

ck
 

vg
 
CC

 s
tr

 

vl
o 
dH

g 
st

r 

v,
, 
CC

Hg
 b
en

d 

29
7a

b 
29

78
 

29
25

 
29

23
.1

 

28
73

 
29

03
.9

 

14
55

 
14

63
.5

 

14
31

 
14

43
.2

 

13
79

 
13

67
.6

 

11
93

 
11

99
.8

 

10
24

b 
10

69
.5

 

96
7 

96
6.

3 

52
7 

52
6,

7 

25
4 

26
4.

5 

u1
2 
Hg

X 
st

r 

v1
3 
CH

gX
 d
ef

 (
in

 p
la

ne
) 

32
6 

32
6 

84
d 

10
1.

8 

29
7g

b 
29

75
.1

 
21

55
 

21
70

,7
 

29
7i

rb
 
29

77
 

29
31

 
29

43
.4

 
22

08
b 

21
96

.5
 

29
30

 
29

22
.5

 

28
71

 
28

70
.5

 
20

71
 

20
71

.7
 

28
71

 
29

03
.7

 

14
53

 
14

64
.4

 
10

5g
b 

10
51

.0
 

14
53

 
14

63
.5

 

14
30

 
14

41
.4

 
10

55
 

10
36

,O
 

14
29

 
14

42
.8

, 

13
79

 
13

68
 

11
28

 
11

28
.2

 
13

83
 

13
67

.4
 

11
89

 
11

96
47

 
97

6 
94

5.
8 

11
78

 
11

98
.8

 

10
21

b 
10

67
,3

 
88

5b
'C

 
85

0 .
 5
 

10
27

b 
10

67
.5

 

95
9 

95
0.

8 
73

5 
76

9.
8 

96
3 

96
4,

l 

'5
21

 
51

3,
o 

47
5 

47
5.

5 
50

8 
50

7.
7 

25
5 

26
8.

6 
24

4 
24

7.
4 

24
7 

26
3.

6 

22
1 

22
2,

7 
21

7 
21

5.
9 

17
6 

17
6 

G5
d 

75
.9

 
72

d 
71

.7
 

60
 

56
 



A”
 

v1
4 

CH
2 
as

ym
 s
tr

 

v1
5 
CH

3 
as

ym
 s
tr

 

v1
6 
CH

3 
as

ym
 d
ef

 

v,
, 
CH

3 
ro

ck
 

v1
8 
CH

2 
tw

is
t 

v1
9 
CH

2 
ro

ck
 

v2
0 
CH

3 
to

rs
io

n 

v2
, 
CH

gX
 d
ef

 (
ou

t 
of

 p
la

ne
) 

29
7a

b 
29

79
.9

 

29
58

 
29

21
.9

 

14
70

 
14

80
.1

 

11
22

 
10

86
.4

 

10
24

b 
10

19
.5

 

69
4 

68
9.

3 

17
4 

18
1.

3 

12
0 

12
2.

9 

29
7g

b 
29

80
.6

 
22

30
 

22
23

.6
 

29
56

 
29

21
.8

 
22

oe
b 

21
79

.3
 

14
50

 
14

80
.0

 
10

5g
b 

10
65

.9
 

11
22

 
10

86
.3

 
88

5b
'C

 
85

4.
4 

10
21

b 
10

19
.6

 
73

5 
73

2 

69
2 

68
9.

2 
51

7 
51

1 .
J 

17
7 

18
0 

13
5.

1 

12
0 

11
2.

3 
96

.9
 

29
77

b 
29

80
 

29
53

 
29

20
.6

 

14
68

 
14

80
.1

 

11
20

 
10

85
.8

 

10
27

b 
10

19
.7

 

69
2 

68
8.

7 

18
0.

2 

V1
7.

9 

a 
Th

e 
ul

, 
vg

-v
12

 m
od

es
 t
ak

en
 f
ro

m 
Ra

ma
n s

pe
ct

ra
 of
 d
io

xa
ne

 so
lu

ti
on

 

bW
av

en
um

be
r u
se

d 
tw

ic
e 

'F
ro

m 
i.

r.
 s
pe

ct
ru

m o
f 
so

li
d 

d5
ro

ad
 ba
nd

 t
he

 m
ax

im
um

 po
si

ti
on

 is
 n
ot

 c
er

ta
in

 



3.40 

TA3LE 4 

P,OTENTIAL ENERGY DISTRIEUTION FOR Hg(C2H5)C! 

P.E.D. x 100 Approximate descriptions 

A’ v, 

v2 

v3 

“4 

% 

v6 

v7 

% 

v9 

“IO 

?l 

v12 

?3 

99(d) 

68(q) 34(T23) 

31(rl 1 6W-23) 

96(a) 12(Bl I 

100(e) 

90(a) 31(f+) 88(823) 12(~) 

140(Y) 35(9) 

11 (a) 69(8, ) 72(623) 

74(R) 27w, 1 

777w 23(y) 2w) 2w 

12(M) 81 (a) 

95(X) 

92(E) 

A” v,4 99(d) 

v15 99(r) 

v16 90(a) 6(B) 

v17 57(8) 19(e) 

?8 WE) 87(v) 21(e) 

v19 3403) 13(Y) we) 

v20 90(T) 9(K’) 

v2! 9(r) rj7(E’) 

CH2 sym str 

CH3 asym str 

CH3 sym str 

CH3 asym def 

CHE bend 

CH3 sym def 

CH2 wag 

CH3 rock 

CC str 

CHg str 

CCHg bend 

HgCi str 

CHgCl def (in plane) 

CH2 asym str 

CH3 asym str 

CH3 asym def 

CH3 rock 

CH2 twist 

CH2 rock 

CR3 torsion 

CHgCl def (out of plane) 
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TABLE 5 

METAL-CARBON-HALIDE SKELETAL MODES (cm-‘) FOR METHYL- AND ETHYL-MERCURY 

HALIDES (in solutions) 

WW) 6(CCHg) V(HgX) a( CHgX) Refs. 

Hg W3)C’ 

Hg(CH3)35C1 

Hg(CH3)37C1 

H9(CD3)Cl 

Hg3r(CH3) 

H9WCD3) 

HgW3) 1 

H9W3)I 

Hg(C2H51Cl 

HgWC2H5) 

HgWC295) 

HgK2H5)’ 

553-8 

553.8 

553-8 

506.2 

545.3 

499-O 

533.2 

489.5 

527 

521 

475 

508 

335.5 135 

336.6 135 1 

325.9 

334.8 

228.0 

135 

125 

1 

c231 

121 

227.8 110 

181 .O 112 

181.0 104 J 

254 326 

255 221 

244 217 

247 176 

r------- --- 

Tout-of-plane deformation 

* 
in-plane deformation 

s calculated val ues 

The potential energy distribution of internal coordinates in 

the normal modes of Hg(C2H5]Cl are given in Table 4. This shows that 

some of them are much more canplicated than the approximate descriptions 

suggest (e-g- v6)’ 

The presence of considerable vibrational interaction can be 

seen from mass-weighted Cartesian displacements shown in Fig. 2 for 

HgK2H5W - #hilst the strengthening modes of CH3 and CH2 are perfectly 

localised within their respective groups many of the other motions show 
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TABLE 6 

METAL-CARBON SKELETAL FORCE CONSTANTS FOR METHYL- AND ETHYL DERIVATIVES 

OF MERCURY (/lo2 N m-’ ) 

K;W) 
F(CHg,CHg) H(Cf-bX) 

W-W) F(CHg J-W) H(CHgC) Refs. 

&W3W’ 2.55 2.01 0.025 0.097 ‘) 

HgBr(CH3) 2-48 l-79 0.024 .0_086 C23l 

Hg(CH3)I 2-38 1.55 0.004 0.076 

i 

HgWQ2 2.38 0.031 0.104 I_303 

Hg(C2H5)Cl 2.64 1.88 (0.025) 0.116’. 0.097* 

HgBr(C2H5) 2-52 l-79 (O-024) U.071f, 0.091* this work 

WC2H5)1 2.47 l-52 (0.004) O-048+, O-086* > 

. . 
( ) constrained to the corresponding Hg(CH3)X 

+ for in-plane deformation 

* 
for out-of-plane deformation 

involvement throughout the molecule. The C-Hg stretching mode (vlo) 

displays considerable involvement from CCHg bending and CH2 wagging 

motions. 

In all the skeletal modes about mercury (v,~-v,~ arid v2,) both 

the metal and halide atoms are moving with considerable amplitude. All 

these modes show halogen sensitivity in their wavenumbers. The CCHg 

bending modes (v,,) showstronger halide dependence than the calculations 

reproduce. The CH2 wagging mode (u7) also shows halide dependence 

experimentally; because the stretch-bend interaction Fxa has been set 

to zero and the bending force constant He has been constrained to its 

value from HgBr(C2H5) and HgBr(C2D5) for the chloride and iodide this 

trend is not reflected in the calculations. 

The skeletal vibrational frequencies and the force constants about 
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mercury are compared for methyl- and ethy-mercury systems in Tables 5 

and 6, respectively. The Hg-C stretching force constants for the 

latter are slight?y the larger for each halide, and the Hg-X force 

constants trans to ethyl tend to be slightly the lower. .This suggests 

that ethyl has a maginally enhanced trans infiuence compared to methyl. 

The sum of K(HgC) and K(HgX) is virtually constant for a given X. 

Preliminary studies indicate that this force field.gives 

aCCOUnt of the experimental wavenumbeis of Hg(C2H5)2, and the 

part of it can be applied to Hg(n-C3H7)X and Hg(,,-C4Hg)X. 

a good 

-CH2HgX 

Experimental 

For the C2H5- compounds, infrared spectra in the range 

4000-200 cm-’ were measured with a Perkin-Elmer model 225 double-beam 

grating spectrophotometer, and in the range 400-10 cm-’ with a Grubb- 

Parsons I.R.I.S. interferometer using 0.01 and 0.04 mn beam splitters. 

The i-r. spectra of HgBr(C2D5) were recorded with a Digilab FTS-14 

interferometer in the range 4000-40 cm-‘. Some of the far i-r. 

measurements were repeated with a Beckman-RI IC FS-720 interferometer. 

Raman spectra were recorded with Coderg PHO double- and/or 

T800 triple- monochromators with excitation from Coherent Radiation 

Laboratories Model 52 krypton- or argon-ion lasers. 

The ethylmercury halides were prepared by equilibriating 

equivalent quantities of diethylmercury and the appropriate mercury( II) 

dihal ide in acetone or ethanol- The crude products were recrystallised 

from methanol and characterised by elerrental analysis and melting points. 

We wish to thank the Science Research Council (3-K.) for funds to 

purchase the Raman equipment, and Miss Mavis Bragg for experimental 

assistance. 
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