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The nuclear quadrupole coupling constant of *“‘Hg (I= 3/2 ) has been determined for CHXHgCl in the vapour by microwave 
spectroscopy. A value of eQq( *“Hg) = - 1025 (3) MHz, along the axis of the symmetric top, has been determined for the vibra- 
tional ground state. An initial determination of the quadrupole coupling constant was made possible by radiofrequency pumping 
of the l-type doublets of the lowest bending mode, Y,, for which eQq(*“‘Hg) = - 1016( 6) MHz and the I-type doublet constant 
qS = 2.90( 1) MHz. eQq( WI) was confirmed to be - 42.2( 2) MHz. The dipole moment of CH3HgCl has been determined from 
Stark effect measurements in the ground state as 3.4 ll(l1) D. 

1. Introduction 

We report here the first determination of a gas- 
phase *“Hg quadrupole coupling constant for cova- 
lently bound mercury. The mercury coupling has been 
determined in the gas phase for the van der Waals 
complexes HgHCl and HgHCN in pulsed nozzle 
experiments [ 11. In these two cases the coupling at 
Hg (Z=3/2) is very small, despite the large quad- 
rupole moment, and is rather different from the 
present case. CHJHgC1 with its strong microwave 
spectrum and relatively small coupling at chlorine 
offers the best opportunity of determining the large 
*O’Hg coupling in the gas phase. Mercury-201 cou- 
pling constants have been obtained in the solid state 
for HgC12 [ 21 and dioxane complexes of HgC12 and 
HgBr, [ 31 by nuclear quadrupole resonance spec- 
troscopy. An electron spin resonance study [4] has 
given similar information for the CH2HgCl radical 
in the crystalline phase. 

The microwave spectrum of CH,HgCl was first 
reported by Gordy and Sheridan [ 5 1, who derived 
the chlorine nuclear quadrupole coupling constants 
and a partial substitution structure. A millimetre- 
wave study [ 61 gave improved centrifugal distortion 
data. Later Walls et al. [ 71 assigned the spectra of 
the enriched 13C and deuterium species. However, 

there has been no systematic investigation of the 
transitions arising from the CH3*“HgCl species 
(13.2OA) and only tentative reference made to *O’Hg 
coupling. 

In the present work the *‘rHg coupling was first 
measured for the first excited state of the bending 
mode, us, by radiofrequency pumping of the l-type 
doublet transitions. This provided a good prediction 
for the widely spread ground-state *O’Hg compo- 
nents. Direct pumping of the quadrupole sublevels 
was subsequently used to examine specific (K, F) 
components [ 8,9]. 

In addition, we report the determination of the 
dipole moment of CH3HgCl, the first of a mercury 
compound in the gas phase. This was accurately 
measured by a new approach for Stark measure- 
ments in which composite Stark components were 
measured at very large displacements and under 
moderate resolution. 

2. Experimental 

Methylmercury chloride was prepared by con- 
densing BCl, onto a sample of methylmercury bro- 
mide mounted in the glass inlet to the waveguide cell. 
The CH3HgCl was pumped at room temperature 
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through a stainless-steel X-band Stark cell. The spec- 
trometer was of the Hughes-Wilson type employing 
100 kHz modulation. 

Radiofrequency-microwave double resonance was 
used to measure the Z-type doublets and also to mod- 
ulate selectively portions of the 20’Hg quadrupole 
patterns in the ground vibrational state. The double- 
resonance experiments were carried out according to 
the method of Wodarczyk and Wilson [ lo]. A Mar- 
coni signal generator (TF 80 1 D/ 1, 1 O-470 MHz) and 
rf amplifier (TF 2 172, 5- 10 W) were used to supply 
the radiofrequency pumping. 

pumping via the quadrupole sublevels of 20’Hg. The 
Z-type doublets from J= 8t 7 to J= lo+-9 were 
measured under rf pumping conditions because they 
were largely obscured by ground-state lines under 
Stark modulation. 

The observed frequencies of the f-type doublets are 
listed in table 1. These frequencies were fitted with 
the equation [ 121 

Stark effect were determined by applying a direct 
voltage shift to the base line of the 100 kHz modu- 
lation and measuring the line displayed in the field- 
off phase [ 111. The direct voltage was precisely sup- 
plied by a Brandenburg power supply (472R) and 
checked with a Fluke 5080A digital multimeter. 

where q8 is larger than Grenier-Besson’s f-type dou- 
bling constant by a factor of 4. The spectroscopic 
constants thus obtained are shown in table 2. 

For the Z-type doublets, where K= 1, the chlorine 
hyperfine components lie entirely within the line 
width, thus providing a good opportunity to measure 
the “‘Hg quadrupole components. The quadrupole 
energy for the Z-type doublets is given by [ 131 

Wide-band measurements were made using back- 
ward wave oscillator sources and X, Y recorder pres- 
entation, while high-resolution measurements used 
klystrons with oscilloscope presentation. 

W, = eQq[ 3/J( J+ 1) - 1 + f q]f( Z, J, F) , 

3. Results 

The spectrum of CH3HgCl is complicated by the 
large number of mercury isotopes and the chlorine 
quadrupole splittings. The magnitude of the mercury 
isotope shifts causes lines to be spread over about 30 
MHz at J= 5e4, which under wide-band sweep con- 
ditions coalesce to form one broad line (fig. la). 
Chlorine-35 hyperfine components were measured 
under high resolution for a number of transitions 
giving eQq= - 42.2( 2) MHz, in good agreement with 
the value previously reported [ 51. 

where PJ is the asymmetry parameter of the electric 
field gradient and f(Z, J, F) represents Casimir’s 
function. The 20’Hg components for both the upper 
and lower Z-type doublets from J= 8 + 7 to J= 1 Oe 9 
have been observed and the frequencies of the lines 
measured are listed in table 3, along with the fitted 
constant eQq. No asymmetry in the electric field gra- 
dient has been detected at the 20’Hg nucleus for v8 
in the present measurements. However an upper limit 
of IO.04 I can be placed on q. 

The quadrupole coupling constant for the v8 mode 
was expected to give a good prediction for the ground- 
state 20’Hg quadrupole splittings; information for 
other molecules [ 14,151 suggested that eQq would 
not vary a great deal between the ground vibrational 
state and the first excited bending mode. 

A vibrational satellite series arising from the HgCl In order to differentiate between the CH320’HgCl 
stretching mode, v.+, can be seen to low frequency of lines and the multitude of other lines, RFMW was 
the ground state in fig. la; however, the doubly used to modulate selectively portions of the 20’Hg 
degenerate bending mode, vg, lies under the ground- quadrupole patterns. 100 kHz source modulated 
state absorption. Fig. 2 shows the upper Z-type doub- radiofrequency was used to pump between quadru- 
lets for J= 9+-8 of u8 = 1 under radiofrequency- pole levels at either the upper or lower J state, via the 
microwave double resonance (RFMW) conditions. electric dipole transitions A J=O, AK= 0, and 
The relative abundances of the mercury isotopes are A F= 2~ 1, and A J= f , transitions used as signal. The 
apparent and the 20’Hg quadrupole components pumping efficiency is proportional to K2, which, 
appear between the 200Hg and 202Hg ines. The Z-type allowing for the (J+ I)‘-K2 dependence of the 
doublet spectra appeared strongly during RFMW microwave signal intensity, favours the study of 
experiments to observe CHJ20’Hg35C1 lines by rf intermediate K values. A further consideration is the 
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Fig. 1. Observed Stark effect for the J= S-4 transition of CH,HgCl. (a) Normal Stark modulation, E= 1771 V cm-‘. Time con- 
stant= 300 ms, sweep rate= 2.4 MHz s- ‘. + denote trace impurities of CH,HgBr and HDO. (b) dc bias method, dc field= 1660.8 V 

cm-‘, ac field=435 V cm-‘. 

2:l intensity enhancement due to nuclear-spin ponent. The best lines to study were ones in which 
weighting for 1KI a multiple of three arising from the chlorine quadrupole collapsed into doublets. The 
the three equivalent protons in the CH3 group. measured frequencies are shown in table 4 along with 

An added complication in the assignment of eQq from a least-squares fit of the hypothetical 
CH320’HgCl transitions is the effect of 35C1 quad- centres of each *O’Hg component, taking into account 
rupole coupling superimposed on each *“Hg com- the 35C1 quadrupole interaction and the second-order 
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Fig. 2. Observed J= 9+ 8 upper l-type doublet transitions of the lowest degenerate vibration by radiofrequency-microwave double reso- 
nance (209 MHz rf pump). The CH3 20’Hg35CI line is clearly split into four components. The calculated ““Hg quadrupole pattern is 
shown in the stick diagram. 

Table 1 
Observed transition frequencies (MHz) for the l-type doublets in us= 1 of the degenerate vibration us of CHSHg35Cl 

J’J” Hg rf(MHz) u+ b(obs-talc) V- &(obs-talc) 
isotope 

87 198 162 33265.52 -0.01 33218.86 -0.07 
199 33260.43 -0.04 33213.82 -0.06 
200 33255.40 - 0.04 33208.86 0.01 
202 33245.46 0.01 33198.86 -0.01 
204 33235.56 -0.02 33188.96 -0.03 

98 198 
199 
200 
202 

209 37423.46 
37417.77 
37412.05 

0.02 37371.34 
0.04 37365.65 

-0.01 37359.95 
-0.04 37348.76 

10 9 198 41581.42 0.01 41523.53 
199 41575.09 -0.01 41517.13 
200 41568.83 0.03 41510.86 
202 41556.36 0.01 41498.37 
204 41544.07 0.06 41485.98 

0.01 
0.03 
0.00 
0.02 

0.05 
0.01 
0.04 
0.00 

-0.04 

a ) After correction for second-order quadrupole energies. 
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Table 2 

Derived constants a’ for CH,Hg 3sC1 for us= 1 

Hg isotope 4 (MHz) B:-E: (MHz) 

198 2077.670( 10) -0.187 

199 2077.356(08) -0.178 

200 2077.042( 10) -0.178 

202 2076.416(06) -0.176 

204 2075.800( 10) -0.18 

J’ J” q8 (MHz) 

87 2.912(4) 

9 8 2.895(5) 

10 9 2.899(5) 

‘) Errors lo. 

quadrupole coupling effects of the large mercury 
coupling. Some 201Hg components were interfered 
with by strong l-type doublet lines which appeared 
due to off-resonance pumping and are not included 
in table 4. 

Table 3 

20’Hg quadrupole components (MHz) in us= 1 of the degenerate 

vibration vg 

J’J” F F” Obs &(obs-talc) =) 

87 1912 1712 33253.89 -0.05 

17/2 1512 33250.89 0.06 

1312 1112 33248.33 0.00 

87 1912 1712 33207.56 0.03 

1712 1512 33204.36 - 0.06 

13/2 1112 33201.96 0.04 

98 2112 1912 37409.22 -0.05 

1912 1712 37407.04 -0.04 

1712 1512 37402.66 0.04 

1512 1312 37404.79 0.05 

98 2112 1912 37357.14 -0.01 

1912 1712 37354.96 0.00 

1512 1312 37352.62 0.01 

10 9 2312 2112 41564.80 0.04 

2112 1912 41563.22 0.04 

19/2 1712 41559.49 - 0.06 

1712 1512 41561.05 -0.01 

10 9 2312 2112 4 1506.84 0.04 

2112 1912 41505.23 0.01 

1912 1712 41501.46 -0.08 

17/2 1512 41503.10 0.02 

eQq(*“‘Hg)=-1016?6MHz(fa) 

a) After correction for second-order quadrupole energies. 

4. Measurement of dipole moment 

The dipole moment was determined from a Stark 
effect study of the J= 5~4 transition. A conven- 
tional high-resolution study of the Stark effect is dif- 
ficult since the mercury isotopes and the 
superimposed chlorine quadrupole combine to make 
each Stark lobe about 20 MHz wide. However, to first 
order the Stark splitting is proportional to the prod- 
uct of K and M, and the low-resolution spectrum (fig. 
la) shows the Stark lobes corresponding to eight of 
the nine possible +KM products for the J= 5~4 

transition. 
Final measurements were made using the dc bias 

method (fig. lb) described in section 2. Both the 
f KM and -KM Stark components were measured, 
the frequency difference between these components 
cancelling any even-order effects in the Stark dis- 
placements and the effects of centrifugal distortion. 
Stark shifts up to 430 MHz have been measured using 
large Stark fields. The results, given in table 5 for the 
KM= + 2, ? 3 and + 6 components, have been ana- 
lysed using a diagonalisation of the Stark-quadru- 
pole matrix (truncated at A Jf 2) [ 161. 

5. Discussion 

Radiofrequency-microwave double resonance has 
been the key to determining the quadrupole coupling 
for 201Hg. The observation of the quadrupole com- 
ponents in the l-type doublet spectra gave the first 
experimental estimate of the 201Hg coupling con- 
stant in CH,HgCl. The f-type doubling constant qs 

(see table 2) agrees very well with the lowest bend- 
ing mode w8 measured at 135 cm- ’ in solution [ 171 
and may be expressed as q8c2.7Bilw8. The factor 
2.7 is a very reasonable coefficient for the Coriolis 
summation in CH3HgC1 with two low stretching 
modes at 336 and 554 cm-’ [ 171. 

Table 6 lists ‘O’Hg quadrupole coupling constants 
for comparison with that determined for gaseous 
CH3HgCl. The other gas-phase value available [l] 
is for the van der Waals complex Hg...HCl. In that 
case the field gradient at the mercury nucleus is pro- 
duced mainly by distortion of an otherwise spherical 
Hg configuration (Xe)4f145d1’6s2 by the HCl mol- 
ecule. The small + ve coupling constant is quite well 
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Table 4 

Hyperline quadrupole components (MHz) for CHS 20’Hg’5C1 in the ground vibrational state 

rf(MHz) J’J”K Obs F F" “‘Hg derived b(der-talc) a) 
component 

25.7 65 3 

132 76 3 

133 87 3 

87.1 87 5 

128.3 87 6 

160 98 3 

128.3 98 6 

42.8 109 5 

24877.86 
24875.46 

> 
1312 1112 

24958.39 24956.01 > 
912 712 

29045.84 
29044.43 

> 
1512 1312 

33234.78 1912 1712 

33233.68 1312 1112 

33 172.20 
33169.74 

> 
1712 1512 

33188.88 

1512 1312 
33186.20 > 

33174.75 

33173.87 

33171.08 

33169.66 1 

1512 1312 

33148.11 

33147.10 

1 

1712 1512 

33144.17 

37383.23 { 2112 1912 

1512 1312 

37335.03 > 
1712 1512 

37332.12 

37397.02 

37394.19 > 
2112 1912 

41538.00 > 
2112 1912 

41536.10 

41543.20 > 
1712 1512 

41541.20 

24876.66 0.21 

24957.20 0.74 

29045.14 

33234.23 

33235.33 

33170.97 

-0.10 

-0.02 

-0.01 

0.34 

33187.54 0.52 

33172.29 0.01 

37145.64 -0.13 

37383.23 0.01 

37333.58 -0.08 

37395.61 0.06 

41537.05 

4 I 542.20 

-0.51 

0.10 

a) Includes correction for second-order quadrupole energies. Centres of *“Hg quadrupole pattern fixed using B,=2076.552 MHz from 

our analysis, and D,=O.25 kHz, D,p 2 1.0 kHz from ref. [6]. 

described by a polarisation model allowing an esti- bonds [ 21. Using this model Gordy has derived a 
mate of the Sternheimer shielding factor. The other value for the coupling per p electron in the 6s6p con- 
values in table 6 are very different, large and nega- figuration of Hg as - 1000 MHz. On the same basis, 
tive, and are more readily described in terms of sp CH,HgCl (and indeed CH,HgCl) would be expected 
hybridised orbitals on mercury. The coupling con- to have a coupling constant of z - 880 MHz. The 
stant in HgClz has been interpreted in terms of sp gas-phase value for CH,HgCl suggests a larger mag- 
hybridisation with 60% iortk character in the HgCl nitude for the coupling per p electron of - 1165 MHz. 
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Table 5 
Stark shift data for J= 5+4 transition (u=O) of CHJHg”Cl 

E (V/cm ) 
KY) 

Av’(obs-talc) /J(D) 
z 

]KMl=2 
1087.5 61.90 -0.24 3.400(10) 
1406.5 80.75 0.27 
1770.8 101.35 -0.15 
2367.4 136.35 0.10 

]KMl=3 
1406.5 121.10 -0.20 3.422( 7) 
1770.8 152.85 0.02 
2127.1 183.85 0.13 
2367.4 205.84 0.06 

[KM1 =6 
1087.5 187.05 0.26 3.412(5) 
1406.5 241.70 -0.01 
1770.8 304.30 -0.16 
2127.1 365.85 -0.06 
2367.4 407.40 -0.04 

/&,=3.411(11) *’ 

a) Error la. 

The magnitude derived previously from measure- 
ments on HgC& in the solid state may be low because 
of HgClz intermolecular contacts [ 181. Strong com- 
plexing in the solid clearly lowers the Hg coupling 
constant as observed in the HgClz (diox) 2 case (see 
table 6 and ref. [ 31). More recently [ 191 we have 
determined an even larger “‘Hg coupling constant 
for CH3HgCN. Explanation of these larger values 
obtained for these linear gas-phase complexes of Hg 
may well need a departure from the traditional sp 
hybrid description. The use of d-s hybridisation in 
the bonding of these complexes has been suggested 

Table 6 
Measured values of “‘Hg quadrupole coupling constants 

in an early paper by Orgel [20], and some d-rx* 
contribution in CH,HgCN has been deduced from 
photoelectron spectra [ 211. We intend to measure 
further 20’Hg quadrupole coupling constants to help 
find a better bonding description of these linear 
complexes and perhaps deduce a more appropriate 
value for the atomic coupling for mercury. 

The gas-phase dipole moment of CH3HgCl (3.41 
D) agrees quite well with solution values, 2.99 D in 
benzene and 3.06 D in dioxane [ 221. These differ- 
ences reflect the difftculty of applying the Debye 
method in solution for these complexes which have 
a low solubility in non-polar solvents. 
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