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Summary 

The vibrational spectra data, the assignments, and the results of normal coordi- 
nate calculations for CH,_.(HgCH,). molecules (2 G n G 4) are reported. The 
central C-Hg valence force constants are 1.870, 1.653, and 1.582 N cm-‘, while the 
terminal ones are 2.121, 2.101, and 2.160 N cm-’ for n = 2, 3 and 4, respectively. 
The latter values are 12, 21, and 27% higher than the central C-Hg force constants, 
but all of them are substantially lower than those in dimethylmercury (2.379 N 
cm-‘). These findings can be accounted for in terms of increasing shift of electron 

. density towards the periphery of these molecules and increasing non-bonded 
metal-metal interaction. The nature of the normal modes is discussed. 

Introduction 

The relative simplicity and high symmetry of methylmercurimethanes of formula 
CH,_,(HgCH,), (2 G n G 4) prompted us to study the vibrational spectra of these 
molecules. It also seemed of interest to compare the vibrational behaviour and force 
constants of the constituent groups which these compounds have in common with 
dimethylmercury [2] and methylmercury halides [3,4]. 

There have been several investigations of the vibrational spectra of mercuri- 
methanes [5-81, and approximate force constants have been obtained in some cases 
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TABLE 1 

OBSERVED WAVENUMBERS AND ASSIGNMENTS FOR C(HgCH,), (I) 

IR Raman 

(solid) (s&d) 

Assignment ” 

2959 mw 

2899 mw 
2880 sh 

2952 VW, b 

2898 s 
2877 sh 

CH, asym stretch, e. fi 

CH, sym stretch. a,, /? h 

1396 w, b 1380 VW, b 

1168 w 1170 m 

743 s 742 VW, b 

620 s 583 w, b > 

520 sh 514 s 1 
510 s 500 sh 

137 s 

109 s 

91 m 

47 s 

CH, asym def, e. fi 

CH, sym def, a,. fi 
CH, rock. e, fi 

CHg, asym stretch, fi 

HgMe sym stretch, a, 

HgMe asym stretch, fi 
CHg, sym stretch, a,: CHgMe bend, e 

CHgMe bend. f2 
CHg, asym def, fi 
CHg, sym def. r 

y For spectral activities see representation (1). ’ See text. 

valence vibrations (T(as) = e(R) +f,(ia) +f,(IR, R); I’(s) = a,(R) +f,(IR, R)), and 
the near-coincidence of IR and Raman spectra of I in this range, it seems to be 
reasonable to make the following assignments: 2959 (IR) f, mode of v~,, 2899/2880 
sh (IR) f, species of v, with some indication of a lifting of degeneracy; 2952 (R, 
broad) e and f, species of v~.., 2898/2877 sh (R) a, and f2 (split) components of vs. 

In the CH, stretching region of II the highest frequencies at around 2960 cm-’ 

(IR and Raman) can be assigned to three asymmetric modes of a,, a, (only Raman 

TABLE 2 

OBSERVED WAVENUMBERS AND ASSIGNMENTS FOR CH(HgCH,), (II) 

IR 

(solid) 

Raman 

(solid) 

Assignment ” 

2957 m 2929 w, b CH, asym stretch, 0,. a,, 2e 

2899 m 

2879 sh 

1392 w 

1265 w 
1170 w 

890 w, b 

739 s 

615 s 

2900 m 

2877 sh 

1400 w. b 

1262 VW 

1173 s 

892 w, b 

132 w, b 
609 w 

CH sym stretch, a, 

CH, sym stretch. a,. e 

CH, asym def, a,. al. 2e 
515+735 

CH, sym def, u,, e 

CH bend, e 

CH, rock, a,. a,, 2e 
CHg, asym stretch, e 

525 sh 
515 s 

526 s 
516 s 

HgMe sym stretch, ~1, 

450 m 

490 sh 

450 m 

138 m 

89 m 

64 s 

HgMe asym stretch, e 

CHg, sym stretch, n, 

i 

CHgMe i.p. bend, a,, e; 

CHgMe o.o.p. bend. a>, e 

CHg, sym def. a, 

lattice mode 

” For spectral activities see representation (2). 



active) and e species, with the bands around 2900/2880 cm ’ attributed to the 
symmetric modes (a, and e). In the spectra of III the (3-I; valence vibrations are 

expected at similar frequencies as for I and II. but overlap by the stretching bands of 
the CH, group. with greater relative intensities. renders ~~ssignments less certain. 

The CH, deformation modes of I, II. and III. as assigned in Tables 1~ 3. agree 
well with those for other methvlmercury derivatives [2.3.4,10- 12f. Torsional modes 
of the CH 3 groups were not observed. possibl\ dur to free rotation around the 
mercury--carbon bonds. 

The methyl group frequencies for some methylmercur~ derivatives. including the 
CH,. ,,(HgCE&),, molecules. are summarized in Table 4. it n-ill be ~zen that the 
methyl group vibrations for methylmercurimethanes fail in the AMW parts of the 
frequency ranges (Table 41. On the basis of these findings it ma> be predicted that 
the corresponding force constants of‘ the C‘H: groups in the (‘11, ,:(HgC‘Hj),, 
molecules will be lower than those of the Hg(CH? ): i2] anti CH ,HgS [3.12] 
molecules. 

With the methyl groups taken as point masses the skeletal \-ihrutions hpan the 
following representations {spectral activities in parenthrscs~: 
For C(HgCH,), (I): 

I‘( T/ ).kelsU, = 2a,(R)+2e(Riif,(/a)i 4f,(IR. R) (4) 

for CH(HgCH,), (II): 

ri c-2, )\hs,&l, = Su,(IR. Rlia,(R)+6e(IR. R) fsj 
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TABLE 4 

FREQUENCY RANGES (cm-‘) FOR METHYL MODES IN METHYL DERIVATIVES OF 

MERCURY a 

Mode Frequency ranges (cm-‘) 

CH, asym stretch (e) 3015-2930 

CH, sym stretch (0,) 2930-2870 

CH, asym def (e) 1447-1380 

CH, sym def (aI) 1212-1161 

CH, rock(e) 811.. 708 

’ Molecules involved: (CH,),Hg [2,10], CH,HgX [3,11,12] and CH,_.(HgCH,),,. 

for CH,(HgCH,), (III): 

r( G” Lkeletal = 6a,(IR, R) + 2a,(R) + 46,(IR, R) + 3b,(IR, R) (6) 

The differences between appropriate pairs in the representations (1) and (4), (2) and 
(5), (3) and (6) give the activity of CH, vibrations including torsional modes. 

It was not possible to observe CH and CH, stretching bands unequivocally for II 
and III, since they overlap with CH, stretching vibrations (see above). In the case of 
III information available for bis(halomercuri)methanes CH,(HgX), favours assign- 
ment of the Raman bands at 2930 and 2875 cm-’ to the asymmetric and symmetric 
CH, valence vibrations, respectively. However, for the force constant calculations, 
the CH and CH, stretching frequencies for II and III were taken from the CH(HgI), 
and CH,(HgI), molecules [9]. The CH bending mode for II and the CH, scissoring, 
wagging, twisting and rocking modes for III were assigned by analogy to the 
CH(HgX), and CH,(HgX), molecules (X = Cl, Br and I), which are also available 
in deuterated form [9]. 

The triply degenerate CHg, stretching mode of I shows a strong lattice effect, 
which is weaker for the HgMe stretching vibrations (Table 1). In the Raman spectra 
of all three compounds I-III bands around 137 cm-’ were observed and these were 
thus assigned to the C-Hg-Me linear bonding modes. With I Raman bands at 137 
and 109 cm-’ are possible candidates for the symmetric CHg, valence vibration 
(al). The force constant calculation favours assignment of the Raman band at 137 
cm-’ to the a, mode, with the other at 109 cm-’ being the f2 species of the 
C-Hg-Me linear bending modes. 

There are two similarly intense bands at 526 and 516 cm-’ in the Raman 
spectrum of II (Fig. 1). The higher one must be the symmetric and the lower one the 
asymmetric Hg-Me stretching mode, respectively. Alternatively, the shoulder at 490 

cm -’ is assigned to the asymmetric mode and the doublet centered at around 520 

cm-’ to the symmetric vibration. In the force constant calculations both assign- 
ments were fitted, and the results will be discussed later. In Table 2 only the second 
interpretation is taken into account. It should be pointed out that the Hg-Me 
stretching vibrations of previously known methylmercury compounds fall in the 
range 570-513 cm-’ [2,3,11,12], whereas with methylmercurimethanes these vibra- 

tions appear in the range 526-485 cm -I (Tables l-3). These results indicate that the 

valence force constants of the mercury to methyl carbon bonds in the molecules 
I-III are lower than those in other methylmercury compounds. 
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Fig. 1. Raman spectrum of solid C‘H(HgCH,), (II). 

Force c~onstant culculution~ 
Tetrahedral angles about carbon and linear bondin, L 0 43out mercur! \vere assumed 

for all CH,_,,(HgCH,),, molecules. The C-Hg. Hg--Me. and C ~~1-i bond length 

were taken as 209.6. 209.4 and 109 pm, respectively. Simplified L’alcuiations lvere 
performed with the assumption of point masse5 of 15.3 and 19.1 amu for the C‘H I 
and CD, groups. respective]!. These mass values are based on comparisons betbeen 
all-atom [2] and point mash calculations for Hg(CH_;), and Hg(C‘D? ): molecules, 
The Hg-Me bond lengths were corrected for the distance hrt\veen the centre of mash 
of the methyl group and the carbon atom. viz. 7.4 and 12.3 pm for the (‘t-t 1 and C‘D, 
groups. respectively. For further simplification a mean Hg Ytr ht>nd di,tanct* (if 

219.2 pm was used for both groups. 
Mean values of IR and Ramsn frequencies from solid state bpectra \jere uwd in 

the force constant refinements. The types of internal coordinates are shon n III F‘ig. 2. 
Symmetry coordinate> are ha5ed on point group T,. C’;, and i’:, f’or 1. il. and 111. 
respectively. A recently developed program [ 131 was usd ft>r- i:aiculating the G 

matrices and for refining the force constants. The initial force wnstant\ \<ere taken 
from previous calculations for Hg(CH ,): 121. Hg((‘.H.,)W !i3J. and C’(tlp.X), 
(X = Cl. Br and I) [6]. 

There are 8, 12. and 15 observable fundamentals for I. I I. and Ill. rcspecti\ely. 
excluding the internal vibrations of the CH 3 groups. We attempted ti) refine the 

maximum number of force constants. including all diagonal fcwe constants in 

symmetr> coordinate representation. The other force conatanrh were contramcd or 
assumed to be zero. Tables 5 7 show comparisons of the ~~sperinwntal and calcu- 
lated wave numbers. and present the potentiai energy distrlhutlons III term\ of 
internal coordinates. The final non-zero force constants ars liTted in Table S. 
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Fig. 2. Internal coordinates of the molecules C(HgCH1), (I), CH(HgCH,), (II), and CH2(HgCh,), 

(III). Coordinate 6’ refers to the out-of-plane deformation. 

The agreement between assigned experimental and calculated wavenumbers is 
generally very good. The greater discrepancy in C-Hg--Me linear bending modes for 
I can be attributed to the omission of the bend-bend interaction force constant. 
Some of the calculated fundamentals below 100 cm-’ show poor agreement with the 
experimental values and this is attributable to the high degree of singularity in the 
Jacobian matrices. For symmetry species with a singular Jacobian, a damped 
least-squares procedure with a damping factor around 10m3 was used for force 
constant refinement. 

The potential energy distributions in the normal modes show that some of them 
are more complex than the approximate descriptions suggest. It is noteworthy that 

TABLE 5 

EXPERIMENTAL AND CALCULATED WAVENUMBERS AND POTENTIAL ENERGY DISTRI- 

BUTION (PED) FOR C(HgCH,), 

Assignment and (cm-‘) 

approximate description obs. 

of mode (calcd.) 

PED x 100 

HgMe sym str 

CHg, sym str 

CHgMe bend 

CHg, sym def 

CHgMe bend 

CHg, asym str 

HgMe asym str 

CHgMe bend 

CHg, asym def 

517 

(517) 
137 

(136.5) 

137 

(127.5) 

$6) 
_ 

(122.8) 
620 

(620) 
505 

(505) 
109 

(124.4) 

91 
(80.6) 

99d+lR 

1OOR 

92t: + lly 

89y + 8c 

lOOr 

67R+Ilr +59y 

99d 

41~ +29R+6y 

43y + 296 + 11R 



TrZBLE 6 

EXPERIMENTAL AND C.4LClk4TED WAVENL’MBERS AND POTE”;-TI.41 E?JERGI’ DISTRI- 

BI:TIOlG FOR CH(HgCH, 11 

AsGgnmenth and approximate 

tlrsxption of mode 

t,: CH rtretch 

HgMe s,m str 

CHg, \ym str 

CHg.Me i.p_ bend 

(‘Hg; sym def 

CHgk4e 0.0.p. hrnd 

CH bend 

CHg, asym str 

HgMe as!m str 

CHgMe o.o.p. bend 

CHgMe i.p. bend 

CHg, asqm def 

” Fundamentals for assignments (1 j. ” Fundamentals for assignments (2). L C’r)mbsnarlnn of t\xo coordi- 

nates after redundancy eliminsatton. Far explanation of t&o fundamenlal< \CI‘ 1~x1. ” F~tlmated fwm 

experimental data of CH(HeX) 1. (.K _ Cl. Br. I) [Y]. 

the asymmetric CHg, stretching mode is strongly coupled with the deformation of 
the CHg, entity in C(HgCH,), (I) (Table 5). For the tris-derivative II. both of the 
CHg, stretching modes (symmetric and asymmetric) are mixed with CHg, deforma- 
tions and C--Hg-Me linear hending v,ibrations (Table 6). Strc:ng coupling between 
CHg, stretching, scissoring and C Hg-Me linear bending modes of (1, species :\as 
established for III. whereas all other modes are uncoupled t Table 7). 

The stretching and stretch -stretch interaction force cnnstants. e.g. K;.. K,. and 
F, show- clear dependence on the extent of mercuration. For comparison, Table P 
also gives the correspondin g force constants of dimethylmercury [Z]. 

The C-Hg stretching force constants K, for CH, ,,(HgCH,),, decrease uith 
increasing PI (Fig. 3, curve 3). The deformation force constants do not vary 
systematically with the extent of mercuration. and this is not wrprising because the 
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TABLE 7 

EXPERIMENTAL AND CALCULATED WAVENUMBERS AND POTENTIAL ENERGY DISTRI- 

BUTION FOR CH2(HgCH,), 

aI 

a2 

b, 

b, 

Assignment and approximate 

description of mode 

(cm-‘) 

obs. 

(calcd.) 

PED x 100 

CH, sym str 

CH 2 scissor 

HgMe sym str 

CHg, sym str 

CHgMe i.p. bend 

CHg 2 scissor 

CH, twist 

CHgMe 0.0.~. bend 

CH, wag 

CHg 2 asym str 

HgMe asym str 

CHgMe i.p. bend 

CH, asym str 

CH, rock 

CHgMe 0.0.~. bend 

2872.5 

(2870.0) 

1329.5 

(1329.5) 

486 

(486) 
465 

(464.8) 

108 

(117.6) 

15 

(80.6) 

740 

(740) 
108 

(108.2) 

900 

(900) 
583.5 

(583.5) 

520 

(520) 
108 

(113.5) 

2927.5 

(2927.5) 

602 

(602) 

99r 

93p + ly 

85d + 12R + 7y 

53R+47y +15d+13/3 

51~+40R+12y+2P 

58~+42~+9fi+lR 

loop 

100r’ 

lllp + 7R 

98R+4d+2< 

96d + 4R 

97r + 3R 

1OOr 

99p + l<’ 

140 99e’+lp 

(140) 

vibrational forms of the deformation modes change markedly with the number n of 
metal atoms around the carbon atoms. 

Special attention should be paid to the Hg-Me stretching force constants K,. 

Using the assignment (1) in Table 6, the refined K, value for II did not follow the 
trend observed for other methylmercurimethanes, including dimethylmercury; this 
dependence of K, on n is shown in Fig. 3, curve 1. K, 2.26 N cm-’ for II is 
probably too high (point 2 in Fig. 3). With assignment (2) of Hg-Me stretching 
modes this discrepancy vanished: Taking the strong Raman and IR bands around 
520 cm-’ for the symmetric Hg-Me stretching vibration and the weak shoulder at 
490 cm-’ for the degenerate mode (Fig. l), as suggested earlier, the refinement gives 
K, 2.101 N cm-’ and Fd 0.080 N cm -I, in good agreement with the expected trend 
of Hg-Me stretching force constants (Fig. 3, curve 1). The decrease in the C-Hg 
force constants K, and K, with the extent of mercuration may be explained in 
terms of increasing non-bonded metal-metal interaction. It is of interest that the 

(Continued on p. 12) 
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