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Ab initio determination of the electric field gradient (EFG) tensors at halogen and other centres ena-

bled determination of the nuclear quadrupole coupling constants (NQCC) for a diverse set of C2 v , C3 v 
and other symmetry molecules of general formula MH 2 X 2 and MHX3 , where the halogen atoms (X) are 
Cl, Br and I, and the heavy central atoms (M) are C and Si. The study presents results at a standardised 
level of calculation, triple-zeta in the valence space plus polarisation functions (TZVP) for the equilib-
rium geometry stage; all-electron MP2 correlation is included in all these studies. For the bromo and 
iodo compounds, especially the latter, it is essential to allow core polarisation, by decontraction of the 
p,d-functions. This is conveniently done by initial optimization of the structure with a partly contract-
ed basis, followed by reestablishment of the equilibrium structure with the decontracted basis. 

The NQCCs, derived from the EFGs, using the 'best ' values for the atomic quadruple moments Cl, 
Br and I, lead to good agreement with the inertial axis (IA) data obtained from microwave spectrosco-
py. When the data from the present study is plotted against the values derived from the IA data, obtained 
by whatever approximations chosen by the MW authors, we obtain a linear regression for the data 
(85 points) with the slope 1.0365 and intercept -0.1737, with standard errors of 0.0042 and 0.2042, re-
spectively; these are statistically identical results irrespective of whether the data is restricted to IA or 
EFG principal axis (PA) data. 

Since as in the C3 v MH3X compounds studied previously, a close correlation of the microwave spec-
tral data with the calculations was observed using the 'best ' current values for Qz, there seems no need 
to postulate that the values of QB r for both 74Br and M B r are seriously in error. A scaling downwards of 
Qz by about 5% for Br and I increases the agreement with experiment, but the contributions of relativ-
istic effects are unknown, and could lead to further reassessment. 

Of the two common assumptions used in MW spectroscopy, to convert from IA to EFG-PA data, ei-
ther (a) cylindrical symmetry of the NQCC along the bond direction, or (b) coincidence of the tensor 
principal element with the bond axis, the latter is found to be a much more realistic approximation. 

1. Introduction 

In previous papers of this series, [ 11 [2] [3] [4], we have 
studied a range of molecules containing various quadru-
polar nuclei, and most recently this was axially symmet-
ric halogen-containing compounds of both organic and 
inorganic types [5]. The present paper continues this last 
aspect, but relates to the non-axially symmetric com-
pounds, especially organic compounds of C2v and C3v 

symmetry such as CH2X2 and HCX3, together with their 
silane analogs. These studies concern individual mole-
cules at equilibrium. Microwave spectroscopy (MW) for 
gaseous molecules leads to data directly comparable with 
the present results. However, the MW determined are a 
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result purely of the set of atomic masses, and are not con-
nected with the equilibrium structure and its electronic 
wavefunction except via the atomic numbers of the nu-
clei, so that IA data alone is of limited value. 

In the low symmetry cases such as C2v and Cs, the 
asymmetry parameter ( r j ) is nonzero. In the normal con-
vention for NQCCs, the magnitudes are given by: 
Xzz ^ Xyy - Xxx; the asymmetry parameter is given by 
(Xxx - Xyv)tXzz> this limits the upper value of r\ to unity, 
since the Laplace relationship also obtains, i.e. the sum 
of the NQCCs is zero. The microwave spectroscopic def-
inition of asymmetry parameter is different, and this can 
lead to values greater than unity; if the molecules is an 
oblate top, the axis identities are z — c, x = a, y = b\ if it 
is a prolate top, z = a, x = b, y = c, where a, b, c are the 
inertial axes. 

NQR has been widely used for studies of halogenated 
compounds, but because of the 3/2 and 5/2 nuclear spin, 
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only the resonance frequencies (v) can be determined 
from polycrystalline samples (1); the asymmetry param-
eter (r\) requires the use of a single crystal or other tech-
niques [6]. Much of the early (largely NQR) literature 
has been reviewed by Lücken [6]; however, it is appro-
priate to note the correlations between 8 'Br NQR fre-
quencies and Hammett sigma constants [7], 

NQR Frequency for 3/2-1/2 Transition: 

„ = £ ! ö 9 a ( 1 + | ? 2 / 3 ) l / 2 > ( 1 ) 

2 h 
As a typical example, the 35C1 NQR frequency for meth-
yl chloride at 77 K is 34.029 MHz, to be compared with 
37.3767 MHz for the study at room temperature [8] [9]. 
The effect is both one of temperature and lattice effects. 
Indeed, analysis of the NQR frequency and molar heat 
capacity against temperature lead to the value of 
-2.870(330) MHz as the crystalline contribution to the 
observed frequency at 0 K [10]. In most cases, we will 
refer to the MW data if available, while NQR data, which 
contains the condensed phase effects, will be used in the 
absence of MW data. In this and the following sections, 
experimental claimed errors in the last digits are in pa-
rentheses, and the quadrupole coupling data refer to the 
isotopes 35C1, 79Br and 127I; data for the other isotopes 
can be obtained by scaling of the results by ratio of the 
atomic quadrupole moments. 

2. Coordinate Transformations for Quadrupole 
Coupling 

First we note some of the approximations which are 
commonly used in MW spectroscopy in order to trans-
form the coordinate system of the NQCC tensor from 
EFG-IA to EFG-PA systems. The case considered is 
where there is a plane of symmetry, leading to C s sym-
metry for the system. One of the diagonalised tensor val-
ues is unchanged between the IA and EFG-PA systems, 
so that the principal values obtained are dependent on 
the accuracy of the (least-well determined) off-diagonal 
element, Xab-> whose sign is unknown. If %ab is not 
determined, progress can still be made. Given the angle 
0a between the a-axis and the C-halogen bond is 
known from the substitution structure, a very common 
approach is (a) to assume that the z-axis lies along the 
C-halogen bond direction. Hence here Ga = 6za. Alterna-
tively, (b) it is assumed that the EFG-PA tensor has 
cylindrical symmetry, whereby Xzz = -2Xxx - ~^Xvy 
where the c-axis is unchanged in the plane of symmetry 

case. This last method immediately gives Xzz f r o m 

- 2 * c c . 
In the present study, we perform ab initio calculation 

of the EFGs ( q a t the centre of interest in the molecule, 
and convert this tensor to the NQCC tensor (&,) by means 
of (2) and (3) [11]. The SCF or MP2 wave-function is 
denoted by i//0. 

The diagonalised tensor values (Xu) ' n MHz compare 
directly with the MW experimental NQCC in the 
EFG-PA system. If the molecule has a plane of symme-
try, the c-axis is perpendicular to the plane, and if this co-
incidences with the EFG JC-PA, then the components 
along the inertial axes a, b are as shown in (4). Hence 
having evaluated Xu w e c a n determine the components 
of the IA tensor elements using these equations and a 
knowledge of the angle between the EFG-PA and the IA, 
here 6za. 

Typical diagonal and off-diagonal Electric Field Gra-
dient Operators: 

Izz = ( v o | ( 3 z 2 - r 2 ) / r 5 | y 0 ) , 

Ixy = ( y o | ( 3 x y ) / > - 5 | y o ) - (2a,b) 

Nuclear Quadrupole Coupling Constant and Electric 
Field Gradient: 

Xu = e2Qzqu'h = 234.96 Qzqu. (3) 

Rotation from EFG-PA to IA Data in Molecules with 
a Plane of Symmetry: 

Xaa = Xyy ̂ 2dza + Xzz COS2&a, 
Xbb = Xyy COS20za + Xzz S\n20:a, 
Xcc Xxxi 
2Xab=[Xaa-Xbb\^n2eza, 
Xyy[sin2eza - cos 20,J = 
[Xaa S\n2Gza- XbbCOS2eza], 
Xzzlcos2eza - s in 2 &J = 
[Xaa cos2 eza-Xbb s in20 zJ. ( 4 a - f ) 

2.7. Basis Sets and Theoretical Methods 

The theoretical methods are the same as in [5] and do 
not require much amplification here. The Huzinaga /Dun-
ning triple zeta valence (TZV) type [12] were extended 
by polarisation functions [13]; some other larger ele-
ments were from our own bases and are described more 
fully [14] [15]. However, it was found that while the bro-
mine and iodine bases of Huzinaga [16] [17] with total 
functions 14sl lp5d(Br) contracted to s/p/d terms 
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Table 1. Total energies and EFG for alkyl halides; TZVP + MP2 method. 

Compound Symm. Energy/a.u. Vzz lyy Ixx a 

EtCl C s -538.71731 -3.5293 1.7836 1.7456 0.700 
/-PrCl Q -577.93654 -3.4211 1.7304 1.6906 0.683 
r-BuCl C3V -617.15732 -3.3760 1.6880 1.6880 0.000 
CH2C12 C2 v -958.58856 -3.8879 2.0514 1.8364 0.854 
HCC13 C3 v -1417.70418 —4.0451 2.0234 2.0216 1.190 
CCI4 Td -1876.79865 —4.1446 2.0723 2.0723 0.000 
CF2C12 C2 v -1156.81274 -3.9006 1.9709 1.9296 1.274 
CH.FCl Cs -598.59930 -3.5319 1.9283 1.6035 
1,1-C3H4C12 C2 v -1035.80868 -3.7978 1.9674 1.8302 
EtBr C s -2651.67247 -7.2838 3.6852 3.5977 
EtBr(ext) Cs -2651.93198 -7.3973 3.7454 3.6511 0.769 
/-PrBr C s -2690.89117 -7.0246 3.5484 3.4752 0.686 
/-PrBr(ext) cs -2691.15066 -7.1412 3.6040 3.5363 0.686 
r-BuBr C s -2730.11158 -6.9035 3.4518 3.4518 0.000 
r-BuBr(ext) cs -2730.37105 -7.0278 3.5139 3.5139 0.000 
CH2Br2(ext) C2 v -5184.51452 -7.9518 4.1499 3.8011 0.114 
HCBr3(ext) C3V -7756.21755 -9.3029 4.6515 4.6515 
CBr4(ext) Td -10328.61938 -8.8462 4.4236 4.4236 0.000 
CH-.BrCl C s -3071.55848 -3.7929 (Cl) 2.0000 1.7929 1.189 
CH^BrCl Cs -3071.55848 -7.8685 (Br) 4.1240 3.7436 0.678 
CHoBrCl(ext) Cs -3071.81798 -3.7959 (Cl) 2.0002 1.7956 
CHoBrCl(ext) cs -3071.81798 -7.9875 (Br) 4.1787 3.8079 0.678 
EtI cs -6994.30297 -7.2380 3.6367 3.5980 0.903 
Etl(ext) Cs -6995.58537 -10.4735 5.2645 5.2058 
i-Prl Cs -7033.52365 -7.009 3.5575 3.4401 0.840 
j'-Prl (ext) Cs -7034.80563 -10.1266 5.1409 4.9824 
r-BuI C3V -7072.74673 -6.9177 3.4588 3.4588 0.000 
r-BuI(ext) c3v -7074.02807 -10.0080 3.4589 3.4589 0.000 
CH-)U c2v -13869.78140 -8.0672 4.0857 3.9782 
HCf3 C3 v -20784.45302 -8.5707 4.3613 4.2061 
CI4 T^d -27699.12684 -9.1668 4.5834 4.5834 0.000 
CHX1I Cs -7417.18647 -3.8259 (Cl) 1.9690 1.8568 
CH2C1I Cs -7417.18647 -7.9541(1) 4.1019 3.8489 1.044 
CH2ClI(ext) C s -7415.46897 -3.8282 (Cl) 1.9714 1.8566 1.202 
CHiClI(ext) Cs -7415.46897 -11.4944(1) 5.9260 5.5651 1.044 

[611111111/611111/411], and 18sl 4p8d (I) contracted to 
[3322212111/3332111/4211], respectively, led to very 
acceptable structural parameters, this was not true of the 
quadrupole coupling at1 2 7I in particular, with79 '81 Br be-
ing only marginally acceptable. It was necessary to de-
contract the bromine p-functions further to [311111111 ], 
while the iodine basis above required the addition of fur-
ther terms of each of s,p,d-type, the p-set becoming 
[321111111111 ]; if this was not done, then HI had the di-
pole reversed from the expected direction. Because of the 
high degree of decontraction of these orbitals, the mo-
lecular total energies are very good, and since the heavy 
atoms contribute a very high proportion of the total en-
ergy, are relatively close to the Hartree-Fock limiting val-
ues for these molecules. 

In summary, the equilibrium geometries were obtained 
with the semi-contracted sets shown; the equilibrium 
geometries were then re-established with the full decon-
tracted sets, and the wave-functions saved as Natural Or-

bitals (NOs). Reoperation of the optimization mode for 
the latter, facilitiates storage of the NO for subsequent 
analysis. All of the calculations were performed with the 
GAMESS-UK quantum chemistry package [ 18] [ 19], In 
the Atomic Units energy scale, 1 a.u. = 2626 kJmol -1. 

2.2. Atomic Quadrupole Moments 

The present set of nuclei has nuclear spin I = 3/2 (35C1, 
37C1, 79Br, and 81Br), 7 = 5/2 (127I). The individual 
NQCCs, with standard deviations in parentheses are: 35C1 
(-81.65 (80) mb) and 37C1 (-64.35 (64) mb); less well de-
termined [20] are the values for the 79Br, 8 'Br and 127I 
isotopes which have Qz +331 (4), +276(4); -789 mb, re-
spectively [21] [22], These values will be used for con-
version of field gradients EFG/a.u. to NQCC/MHz 
via (3). The EFG to NQCC conversion ratios are: 35C1: 
1 a.u. = -19.184484 MHz; 79Br 1 a.u. = 77.77176 MHz; 
127I 1 a.u. =-185.38344 MHz. 
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3. Results and Discussion 

Tables 1 - 2 show the compounds studied by the 
above standardised methods, and include total energies 
(a.u.), symmetries and EFGs (a.u.). The first stage is 
determination of the equilibrium structure and the cor-
responding IA system, and comparison with experi-
ment. All molecular properties such as NQCC are eval-
uated for the equilibrium structure. In the present paper 
we do not discuss the equilibrium structures in great de-
tail, choosing to take a few typical examples from dif-
ferent symmetry classes. The rotation constants A, B, C 
(MHz) are shown in Table 3; these give a clear meas-
ure of the overall structure comparison with experiment, 
and hence show that the IAs lie in similar positions 
in the theoretical equilibrium structure and in the sub-
stitution structure from the MW analysis. As implied, 
we are primarily concerned with the halogen atoms 
being connected to a tetravalent centre in the present 
study. 

The EFGs are converted to the NQCC using the above 
conversion factors, and are compared with the IA quad-
rupole data, as shown in Tables 4 - 7 . Where NQR data 
is entered, this is purely for completeness, since the var-
ied temperatures and assumptions of zero asymmetry, 
consistent with the time of investigations (circa 1960), 
are such that no direct comparison of the data is pos-
sible. 

The Tables are completed by ones relating to elec-
tron distribution, Mulliken populations and com-
parison with experimental dipole moments (Tables 8 
and 9). 

Table 2. Total energies and EFG for silyl halides; 
TZVP + MP2 method. 

Table 3. Rotation constants (MHz) for alkyl and silyl halides. 

Compound Method A B C 

EtCl Calc. 31642.0 5472.0 4952.8 
MW[23] 31337.35 5493.69 4962.30 

EtBr Calc. 30324.0 3787.2 3513.9 
MW[27] 29955.61 3804.0 3522.9 

EtI Calc. 29787.0 3081.0 2891.8 
MW[31] 29116.33 2979.57 2796.45 

CH2C12 Calc. 32345 3258.2 3017.0 CH2C12 
MW[33] 32001.8 3320.4 3065.2 

CH 2Br 2 Calc. 26305 1215.8 1170.9 CH 2Br 2 
MW[35] 26031.31.8 1238.54 1190.94 

CH2FC1 Calc. 42186 5640.6 5141.2 
MW[43] 41811.2 5716.0 5194.9 

CH2BrCl Calc. 29367.0 2096.4 1981.5 CH2BrCl 
MW[42] 29198.34 2133.14 2012.90 

CH2IC1 Calc. 28518 1626.4 1553.7 
MW[44] [45] 27418.8 1622.0 1545.8 

CF2CI2 Calc. 4102.1 2597.0 2202.8 CF2CI2 
MW[40] 4118.90 2638.70 2233.72 

i- PrCl Calc. 8152.3 4559.6 3215.7 
MW[49] 8086.09 4570.82 3207.57 

i'-PrBr Calc. 8123.2 2902.7 2292.2 
MW[46] [47] 8038.89 2917.75 2295.33 

i-Prl Calc. 8179.5 2266.2 1879.7 
MW[48][47] 8022.08 2187.18 1817.67 

f-BuCl Calc. 4581.1 3023.4 3023.4 
MW[59] [53] 3017.69 3017.72 

r-BuBr Calc. 4579.6 2042.9 2042.9 
MW[50][55] 2044.24 2044.24 

r-BuI Calc. 4610.2 1619.6 1619.6 
MW[55] 1560.60 1560.60 

HCC13 Calc. 3251.9 3251.9 1686.9 
MW[38] 3302.41 3302.41 

1,1-C3H4C12 Calc. 3995.5 2875.8 1933.2 1,1-C3H4C12 
MW[39] 3981.86 2919.19 1949.41 

H2SiCl2 Calc. 14078 2512.8 2187.6 
MW[63] 14135.01 2573.58 2232.61 

HSiCl3 Calc. 2425.2 2425.2 1300.8 
MW[65] 2472.47 2472.47 

Me2SiCl2 Calc. 2562.8 1800.8 1604.5 
MW[69] 2584.14 1842.51 1628.64 

MeSiH2Cl Calc. 15946 3848.4 3281.0 MeSiH2Cl 
MW[67] [58] 16077.9 3904.4 3325.6 

MeSiH2I Calc. 14405 1871.1 1706.3 MeSiH2I 
MW[67] [68] 14747.84 1893.50 1728.52 

Compound Symm. Energy/a.u. qzz qyy 

H3SiCl 
H2SiCl2 
HSiCl3 
SiCl4 
MeSiH->Cl 
Me2SiHCl 
Me2SiCl2 
Me3SiCl 
H3SiBr(ext) 
HiSiBri 
MeSiH-.Br 
Me2SiHBr 
Me3SiBr 
H3SiI(ext) 
H3SiI (diff) 
MeSiH.I 

C 3 v 
C 2 v 

C3V 
C3d 
Cs 
cs c2v c3v c3v 
C 2 v 
C s 

Cs 
C 3 v 
c3v c3v 
a 

-750.65672 
-1209.84228 
-1668.99126 
-2128.15537 
-789.88841 
-829.12017 

-1288.29377 
-868.35242 

-2863.86902 
-5435.72868 
-2903.10075 
-2942.07292 
-2981.30514 
-7207.50302 
-7207.63100 
-7246.86358 

-2 .0648 
- 2 . 0 1 0 8 
-2 .0468 
-2 .1598 
-1 .9503 
-1 .8702 
-1 .9042 

1.8093 
-4 .6585 
-4 .5608 
-4 .3716 
—4.0930 
-3 .9347 
-7 .3766 
-6 .7867 
-6 .3513 

1.0324 
1.0833 
1.0268 
1.0799 
0.9847 
0.9405 
0.9931 
0.9046 
2.3288 
2.4388 
2.2079 
2.0533 
1.9669 
3.6866 
3.3917 
3.167 

1.0324 
0.9274 
1.0199 
1.0799 
0.9655 
0.9297 
0.9111 
0.9046 
2.3288 
2.1221 
2.1637 
2.0387 
1.9669 
3.6866 
3.3917 
3.1313 

3.1. Structure and Inertial Axes for Alkyl and 
Silyl Halides 

The ethyl halides (Et-X, X = Cl, [23] [24] Br, [28] 
[25] [26] [27] I, [29] [30] [31]) have been analysed by 
MW spectroscopy in terms of the trans-conformer, and 
hence C s symmetry. The 3-fold rotor axis of the meth-
yl-group is slightly offset from the C-C bond axis in all 
cases. All three molecules have a very similar position 
in the inertial axis frame, namely the halogen and trans-
H^ effectively on the a-axis, and the pair of CH2ß-CH2 a 

groups in the positive and negative b-axes, respective-
ly. Experimentally, the NQCCs evaluated here are the 
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Table 4. Alkyl chloride quadrupole coupling constants (MHz) compared with experiment. 

Compound Method Xzz Xyy Xxx n 

EtCl MP2 -67.708 +33.488 +34.219 0.0108 
EtCl MW[23] [24] -68.84 +35.64 +33.2 0.0354 
EtCl NQR [7] (-)65.518(av) (+)32.759 (+)32.759 O.O(ass) 
EtCl MP2 -49.729 (aa) + 15.509(bb) +34.219(cc) 0.4303 
EtCl MW[23][24] -49.29 (9) (aa) + 14.15(12) (cc) +35.64(12)(cc) 0.4360 
/-PrCl MP2 -65.632 +33.197 +32.435 0.0116 
/-PrCl MW[49] -67.82(12) +34.843 +32.977 0.0275 
/-PrCl NQR [7] (-)63.878 (+)31.939 (+)31.939 O.O(ass) 
/-PrCl MP2 -59.080(aa) +33.197 (cc) +25.882(bb) 0.1238 
/-PrCl MW[49] -61.49(1l)(aa) +34.81(25)(bb) +26.68(25)(cc) 0.1322 
r-PrCl MP2 -64.767 +32.383 +32.383 0.0000 
r-PrCl MW [60] -67.56(50) +33.78(50) +33.78(50) 0.0000 
/-PrCl MW[54] [53] -67.12(32) +33.56(32) +33.56(32) 0.0000 
CH2C12 MP2 -74.588 +35.231 +39.355 0.0553 
CH2C12 MW[33] -78.4(20) +39.2(10) +39.2(10) 0.876 
CH2C12 NQR [7] (-)72.982 (+)35.991 +35.991 O.O(ass) 
C H X I 2 MP2 -39.355 (aa) +3.224(bb) +39.355(cc) 0.8485 
CH2CI2 MW[33] ^1 .8 (10) (aa ) +2.6(10)(bb) +39.2(10)(cc) 0.876 
CH2FCI MP2 -67.757 +36.994 +30.762 0.0920 
CH2FCI MW[43] -74.30(187) +39.059(18) +35.20(186) 0.0519 
CH2FCI MP2 -50.746 (aa) +13.751(bb) +36.994 (cc) 0.4538 
CH.FCl MW [43] -52.570(aa)(26) + 13.469 (bb) (20) +39.059(cc)(18) 0.4868 
CH2BrCl MP2 -72.765 +38.368 +34.395 0.0546 
CH.BrCl MW[42] -75.19 +39.43 +35.76 0.0488 
CH2BrCl MP2 -34.852 (aa) -3 .523 (bb) +38.373(cc) 0.9049 
CH2BrCl MW [42] -33.64 (70) (aa) -5.79(41)(bb) +39.43(81)(cc) 0.7063 
CHX1I MP2 -73.441 +37.821 +35.619 0.0300 
CHX1I MW [44] [45] -74.7(19) +40.1(12) +34.6(22) 0.0736 
CH2C1I MP2 -32.708 (aa) -5.114(bb) +37.821 (cc) 0.7296 
CHiClI MW [44] [45] —31.1(11)(aa) -9.0(6)(bb) +40.1 (12)(cc) 0.5511 
CF2C12 MP2 -74.831 +37.811 +37.018 0.0106 
CF2C12 MW[40] [41] -80.37(30) +41.65(25) +38.71(22) 0.0366 
CF2C12 MP2 ^H.938(aa) +4.917(bb) +37.018(cc) 0.0106 
CF2CI2 MW[40] [41] —43.42(16) (aa) +4.70(20)(bb) +38.71 (22)(cc) 0.0366 
HCCI3 MP2 -77.604 +38.818 +38.784 0.0048 
HCCI3 NQR [38] R 7 6 . 5 0 8 (+)38.254 (+)38.254 0.0 (ass) 
HCCI3 MP2 +29.145 (aa) 
HCCI3 MW[38] [57] +28.54(3)(aa) 
CCI4 MP2 -79.512 +39.756 +39.756 0.0000 
CCI4 NQR [7] (->81.28 (+)40.32 (+)40.32 O.O(ass) 
C3H4C12 MP2 -72.858 +37.744 +35.112 0.0361 
C3H4CI2 MW[39] -76.4(3) +39.445(5) +37.0(3) 0.0320 
C3H4C12 MP2 ^11.874(aa) ++4.128 (bb) +37.744(cc) 0.8027 
C3H4C12 MW[39] -43.545 (5) (aa) +4.100(5)(bb) +39.445(5)(cc) 0.8117 

sum and difference terms, = -%aa = %hh + %cc and 
X = Xbb - Xcc respectively. The isopropyl halides show 
many features similar to the ethyl halides. The a-axis 
lies close to the halogen and the bisector of the C-C-C 
angle. 

Next we briefly refer to some examples of the mixed 
dihalogenomethanes, since these cases show higher 
asymmetry parameters than the above. Dichloromethane 
is a typical case [33]; the calculated rotation constants 
(A, B, C) in MHz are shown in Table 3. These are typi-
cal levels of agreement between the equilibrium geome-
triy rotation constants (for the most common isotopes) 

and the substitution structure in MW spectroscopy. These 
data yield the bond lengths (A) and angles (degr.) (ex-
perimental in parentheses) H-C 1.0804 (1.068(5)), C-Cl 
1.7735 (1.7724(5)) and C-C-Cl 112.94 (111.8(1)), re-
spectively. Since the two structure determinations are not 
expected to be identical, this is good agreement. In this 
C2 v symmetry example, the b-axis bisects the Cl-C-Cl 
angle, with the a-axis parallel to the Cl-Cl axis but dis-
placed towards C. 

Of the C2 v symmetry systems, CF2C12 is a typical case. 
The present equilibrium structure shows bonds and an-
gles, with MW determinations in parentheses, C-Cl 
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Table 5. Alkyl bromide and iodide quadrupole coupling constants (MHz) compared with experiment. 

Compound Method Xzz Xyy Xxx 1 

CHiBr2 MP2 +618.427 322.742 -295.614 0.0439 
CH,Br2 MW[36] [37] +595.74 -310.28 -285.46 0.0417 
CH,Br,(ext) MP2 +364.848 (aa) -37.354 (bb) -327.423 (cc) 0.7950 
CH2Br2 MW [36] [35] [37] +335.21(42)(aa) -24.93 (24) (bb) -310.28(48) 0.8513 
CH2BrCl MP2 +621.203 -324.984 -296.149 0.0464 
CH.BrCl MW[42] +591.23 -307.53 -283.70 0.0403 
CHiBrCl MP2 -410.388 (aa) -85.330 (bb) -325.062(cc) 0.0820 
CH,BrCl MW[42] -383.33 (59) (aa) -75.80 (37) (bb) -307.53 (69) (cc) 0.6045 
CH2C1I MP2 -2130.873 + 1098.579 + 1031.683 0.0314 
CH2CII MW[45] -1999.0(29) + 1029.3(21) +969.7(35) 0.0298 
CH2CII MP2 -1542.998 (aa) +443.807 (bb) + 1098.579 (cc) 0.3741 
CH2CII MW[45] -1421,9(aa)(19) +392.6 (bb)( 10) +1029.3(cc)(21) 0.4471 
EtBr MP2 +566.472 -286.603 -279.800 0.0120 
EtBr MW[27] +544.03(168) -273.71(17) -270.32(166) 0.0062 
EtBr MP2 +446.769 (aa) -155.413(bb) -279.800(cc) 0.3041 
EtBr MW[27] +417.75 (20) (aa) -144.05(17) (bb) -273.71(cc)(17) 0.3104 
EtI MP2 -1941.618 +975.945 +965.061 0.0056 
EtI MW[29] [31] -1815.22(85) +913.50(26) +901.71(81) 0.0065 
EtI MP2 -1572.144(aa) +975.945 (cc) +596.199 (bb) 0.2415 
EtI MW [31 ] -1478.06 (39) (aa) +913.50(26)(cc) +564.555 (32) (bb) 0.2361 
/-PrBr MP2 +555.385 -280.289 -275.026 0.0094 
z'-PrBr MW [46] +514.2(5) -264.890(5) -249.310(5) 0.0303 
/-PrBr MP2 +512.079 (aa) -280.289 (bb) -231.719 (cc) 0.0948 
/- PrBr MW [46] [47] +480.02 (27) (aa) -265.10(72)(bb) -214.92(27)(cc) 0.0146 
/-PrI MP2 -1877.311 +953.938 +923.662 0.0156 
/-PrI MW [48] -1742.1 +883.7 +858.4 0.0145 
/-PrI MP2 -1747.931(aa) +749.272 (cc) +923.662 (bb) 0.0740 
/-PrI MW[48] [47] -1626.36 (49) (aa) +742.56(98)(cc) +883.81(98)(bb) 0.0868 
r-BuBr MP2 +546.560 -273.281 -273.281 0.0000 
/-BuBr MW[50] +513.7(8) -256.85(8) -265.85(8) 0.0000 
r-BuI MP2 -1855.308 +641.219 +641.219 0.0000 
HCBr3 MP2 +723.505 -361.753 -361.753 0.0000 
CBr4 MP2 +687.985 -344.034 -344.034 0.0000 
CBr4 NQR [6] (+)641.32(av) R 3 2 0 . 6 6 (-)320.66 0.0 (ass) 
HCI3 MP2 -1588.860 +808.509 +779.739 0.0181 
HCI3 NQR [62] (->2028.15 (+) 1014.407 (+)1014.07 0.0500 
CI4 MP2 -1699.367 +849.683 +849.683 0.0000 
CI4 NQR [62] (-)2128.74 (+) 1064.37 (+) 1064.37 0.0260 

1.7686 (1.744), C-F 1.3348 (1.345), Cl-C-Cl 112.0 
(112.5) and F-C-F 107.8 (106.2), respectively [40], Of 
these differences, the C-Cl one is surprisingly large; in 
general we would expect bond differences of about 
0.01 A. 

If we take the fluorochloromethane case, the symme-
try is reduced to Cs; here the corresponding data for A, 
B, C is within 1% of experiment [43], The a-axis again 
lies close to the F-Cl direction but tilted slightly to-
wards C, such that the Cl atom lies almost on the a-ax-
is. This is a situation where the determination of sub-
stitution coordinates is most unreliable. However, the 
agreement between the equilibrium and (assumed) sub-
stitution structure is again good; namely C-F 1.3654 
(1.370) C-Cl 1.7794 (1.7621) and F-C-Cl 110.4 (110.1). 
When we turn to bromochloromethane, the rotation 
constants, A, B, C are again in excellent agreement, and 

the molecular dimensions are in agreement with the ex-
perimentally assumed structure, with C-Br 1.9421 
(1.930), C-Cl 1.7748 (1.769), C-H 1.0800 (1.074), Br-
C-Cl 113.0 (112.3). For iodochloromethane we have A, 
B, C and an equilibrium structure very similar to the as-
sumed experimental one [44] [45], In this instance, the 
I-atom lies effectively on the a-axis, which cuts the C-
C1 bond relatively close to the Cl atom. The general lev-
el of agreement between the EFG-IAdata and that found 
experimentally [45], is again fairly satisfactory. The off-
diagonal element (%ab) whose sign cannot be deter-
mined experimentally, is clearly positive for this mole-
cule. 

In general, the silane structures are also in good agree-
ment with the substitution structures from the MW in-
vestigations, but the differences are often larger than in 
the corresponding alkane molecules. For example, the 
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Table 6. Halogenosilane quadrupole coupling constants (MHz) compared with experiment. 

Compound Method Xzz Xyy Xxx ri 

H-.SiCl2 MP2 -38 .576 +20.782 + 17.792 0.0755 
H->SiCl2 M W [ 6 3 ] [64] -38 .33 (13) +20.7245(19) + 17.60(13) 0.0815 
H . S i C L MP2 -21 .304(aa) +0.520(bb) +20.782 (cc) 0.9511 
H 2 SiCL M W [ 6 3 ] [64] -20 .4150(19) (aa) - 0 . 3 0 9 5 ( 1 9 ) (bb) +20.7245 (cc) 0.9702 
HSiCl , MP2 -39 .266 + 19.699 + 19.565 0.0034 
HSiCU NQR [7] -37 .834 + 18.917 + 18.917 O.O(ass) 
HSiCL MP2 + 13.785(cc) - 3 3 . 3 5 3 (bb) + 19.565 (aa) - 3 .8386 
HSiCU M W [ 6 6 ] +13.66(15)(cc) - 3 4 . 4 9 (bb) +20.83 (aa) - 4 . 0 5 
SiCl4 MP2 4-1 .435 +20.717 +20.717 0.0000 
SiCl4 NQR [7] -40 .731 (av) +20.365 +20.365 O.O(ass) 
MeSiH.Cl MP2 -37 .416 + 18.891 + 18.523 0.0098 
MeSiH 2 Cl M W [ 5 8 ] -37 .65 + 18.63 + 19.02 
MeSiH 2 Cl MP2 -28 .036 (aa) +9.143(bb) + 18.891 (cc) 0.3477 
Me 2 SiCl 2 MP2 -36.531 + 19.051 + 17.478 0.0430 
Me->SiCl2 M W [ 6 9 ] -38 .0 (16) +23.2 + 14.8 0.22 
Me^SiCl2 MP2 -18 .929(aa) + 19.051 (cc) - 0 . 1 2 4 ( b b ) 0.9871 
Me^SiCL M W [ 6 9 ] -19 .6 (3 ) (aa ) +23.4(14)(cc) - 3 . 7 ( 1 4 ) ( b b ) 0.6824 
M e S i H 2 f MP2 -1177.421 +596.325 +580.485 0.0135 
MeSiH 2 I M W [ 6 7 ] [68] -1157 .21(63) +587.31(26) +569.90(54) 0.0150 
M e S i H T MP2 -1030 .215 (aa) +596.325 (cc) +433.279 (bb) 0.1583 
MeSiH. I M W [ 6 8 ] -1012 .65(43) (aa ) +587.31 (26)(cc) +425.35(37)(bb) 0.1599 
Me^SiCl MP2 -34.711 + 17.355 + 17.355 0.0000 
Me^SiCl M W [ 6 1 ] -46 .9 (15) +23.45 +23.45 0.0000 

Table 7. Linear correlations between calculated and observed NQCC 
(MHz). 

Correlation Slope Intercept SE SE CC NP 
(m) (c) (slope) (Intercept) 

Chloro(lA) 1.0385 -0.1894 0.0056 0.2617 0.9993 51 
Chloro(PA) 1.0391 -0.0691 0.0047 0.2508 0.9994 61 
Chloro(IA+PA) 1.0365 -0.1737 0.0042 0.2042 0.9993 85 
Bromo (IA+PA) 0.9501 0.6156 0.0023 1.1343 0.9999 43 
Iodo(IA+PA) 0.9414 0.6360 0.0037 5.5927 0.9996 48 

C2 v dichlorosilane molecule has dimensions (compared 
with experiment in parentheses) Si-Cl 2.0523 (2.33(3)), 
Si-H 1.4627 (1.480 (15)), Cl-Si-Cl 110.20 (109.7 (3)) and 
H-Si-H 113.17 (111.3(3)) [63], In the case of dichloro-
dimethylsilane, the difference (calc./obs.) in angles 
C-Si-C (115.1/114.7) and Cl-Si-Cl (107.9/107.2) is well 
brought out, but the bond lengths are less in agreement, 
with Si-C (1.8573/1.845) Si-Cl (2.0709/2.055) [69]; the 
NQCC are not in such good agreement for this molecule 
either. 

Methyliodosilane has been studied in detail by 
MW spectroscopy [67] [68]. Like iodoethane, the I atom 
lies close to the a-axis, with the b-axis bisecting the 
Si-C bond. The angle 6za is calculated to be 16.8° in 
exact agreement with the value obtained experimental-
ly. Thus the structure is in good agreement with experi-
ment. The major bond lengths are (calc./obs.): Si-12.4751 
(2.444), Si-C 1.8674 (1.857), Si-H 1.4721 (1.460), 
I-Si-C 108.5 (108.8). 

3.2. Quadrupole Coupling Constants in Relation to 
Structure 

The ethyl halides provide the simplest non-axial 
symmetry cases; in the case of chloroethane, the differ-
ence in the two assumptions of (a) either zero asymme-
try to enable the conversion of IA to EFG-PA data, or 
(b), assuming the EFG-PA to lie along the bond axis 
leads to results for the Xzz 

of -71.28 MHz and 
-68.84 MHz, respectively [24]. The present data shows 
that the angle between the EFG-PA and the bond direc-
tion is 0.70°, and hence the second assumption is the 
more reasonable, with data as shown in Table 4. There 
is good agreement between the IA data and the present 
study for chloroethane, with similar angle 9za 24.929 
(compared with 26.9 from the averaged experimental 
data) [24], For both bromo- and iodo-ethane, the 
off-diagonal NQCC element xab w a s determined, hence 
allowing the diagnonalisation of the tensor, and the 
EFG-PA to be determined without the assumptions for 
the chloro-compound. Again, the present results are in 
good agreement with experiment [29] [31]. We find the 
asymmetry parameter for this series of compounds to 
be small (Et-X, r\ 0.0108 (X = CI), 0.0128 (X = Br) and 
0.0056 (X = I). However, the better assumption of (a) 
and (b) above, is that the EFG-PA lies along the C-X 
bond. Overall there is pleasing agreement between the 
observed and calculated IA data in this set of com-
pounds. 
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Table 8. Comparison of dipole moments with experiment. 

Compound Dipole Dipole Reference 
moment moment 
(Calc) (Obs) 

MeCl 2.022 1.892(1) [74] 
MeBr 2.013 1.797(15) [80][27] 
Mel 1.720 1.618 [80] [31] 
EtCl 2.115 2.101 [75] 
EtBr 1.988 1.85 [75] 
EtI 1.7201 1.77(10) [56] 
/-PrCl 2.1462 2.04 [60] 
/-PrBr 2.0832 2.04 [60] 
/-PrI 1.7906 1.94 [60] 
CF3C1 -0.525 (->0.50(1) [80] 
CF3Br -0.672 (-)0.639(2) [79] 
CF3I -0.962 H I . 0 4 8 (3) [79] 
r-BuCl 2.144 2.13, 2.18 [54] [76] 
r-BuBr 2.081 2.24 [76] 
r-BuI 1.761 1.60 [34] 
H2CC12 1.751 1.62(2) [80] 
C3H4CI2 2.040 1.58 [39] 
H2SiCl2 1.561 1.13(2) [63] 
MeSiH2Cl 2.059 1.935(20) [67] 
MeSiH.Br 2.220 1.841(20) [67] 
MeSiH-J 1.823 1.952(20) [67] 
H^SiCl 1.705 1.303(10) [80][77] 
H3SiBr 1.625 1.319(8) [78] 
H3SiI 1.389 1.62 [77] 
Me3SiCl 2.319 2.13 [76] 
Me3SiBr 2.349 2.28 [76] 
H3Ge 2.581 2.124(20) [80] 
F3SiI -1.4267 -1.11 [72] 
F3SiBr -1.0341 -0.835 [72] 
F3SiCl -0.7299 -0.636 [72] 
HCl 1.432 1.12(4) [80] 
HBr 1.076 0.83(2) [80] 
HI 0.798 0.445(20) [80] 
HCCBr 0.1890 0.22962(1) [51] [52] 

Table 9. Mulliken atomic populations at equilibrium structure. 

EtCl 

i-PrCl 

f-BuCl 
CH,C12 
EtBr 

«-PrBr 

/-BuBr 
EtI 

t- Bui 
CH2FC1 
CH2CI2 
H2SiCl2 
MeSiH2Cl 
MeSiH2Br 

MeSiH2I 

Me2SiHCl 

FjCCl 
F,CBr 
F,CI 

Cl 17.1285 
H« 0.8703 
Cl 17.1299 
H3oi, 0.8623 
Cl 17.1305 
Cl 17.0526 
Br 35.1336 
H« 0.8708 
Br 35.1419 
H,„ 0.8493 
Br 35.1480 
I 52.8871 
Hg,av) 0.8609 
I 52.8745 
Cl 17.0966 
Cl 17.0526 
Si 13.3368 
HM e 0.8386 
HM e 0.8382 
Br 35.2976 
HM e 0.8317 
I 5.2583 
HM e 0.8407 
Cl 17.2827 
Cl 17.0307 
Br 35.0304 
I 52.9649 

C„6.2144 
H« 0.8604 
C 2 6.1093 

C 6.0360 
C 6.2663 
C a 6.2141 
H« 0.8607 
C^ 6.1019 
H0„„ 0.8646 
C (Br) 6.0349 
C a 6.5472 

C(I) 6.4294 
F 9.2042 
C 6.2663 
Cl 17.2447 
C 6.6427 
C 6.6337 

C 6.6318 

C 6.6456 

C 5.5436 
C 5.5691 
C 5.6426 

C a 6.3723 

H2 0.8380 

C M e 6.3659 
H 0.8142 
C^ 6.3620 

C, i3 6.3663 

C 6.3588 
Cp 6.3539 

C 6.3339 
C 5.9900 
H 0.8142 
H 1.0869 
Si 13.3302 
Si 13.3337 

Si 13.4348 

Si 13.2615 

F 9.1419 
F 9.1335 
F 9.1308 

Hp 0.8470 

Cj 3 6.3746 

H3av 0.8596 

H a 0.8491 

H2 0.8470 

H 0.8601 
H a 0.8145 

H 0.8549 
H 0.8546 

H s j 1.1148 
H s i 1.1102 

HSl 1.0899 

H s , 1.1205 

The present data correctly represents the experimen-
tal correlation of NQCC against structure for the series 
of chloromethanes, CH„Cl4_„, n = 0 - 4 first exhibited by 
Lucken (Fig. 10.1 in [6]). Here we show the correspond-
ing EFG-PA data against a term representing the number 
of halogen atoms (Figure 1). A similar relationship oc-
curs for the bromo- and iodo-compounds. 

For iodochloromethane [44] [45], the I-atom lies ef-
fectively on the a-axis, which cuts the C-Cl bond rela-
tively close to the Cl atom. The general level of agree-
ment between the EFG-IA data and that found experi-
mentally [45], is again fairly satisfactory. The off-diag-
onal element {Xab) whose sign cannot be determined ex-
perimentally, is clearly positive for this molecule. 

Of the trihalogeno-methanes and -silanes, there is 
only MW data for chloroform [38] [57] and trichloro-
silane [65] [66], In these C3v molecules, the 3-fold z-
axis identifies with the c-axis in MW spectroscopy, 
leading to the a- and b-axes being degenerate. This aris-
es from the difinition of the principal axes of inertia, 
being l a < Ib < Ic. Here there is three symmetrically 
placed quadrupoles about the z-axis, and none of the 
EFG-PA lie along the x, y, z (or a, b, c)-coordinate 
systems. Thus if r\ is defined as (qzz - qvy)/qzz, there are 
no immediate limits to r\. If cylindrical symmetry is as-
sumed, the current state of this art for the trichloro-com-
pounds, then the EFG-PA components along the z-axis 
are eQqcosa where a is the Cl-M-Cl angle. This sim-
plifies to a value for ri being close to (1 - cosa ) /cosa . 
Potential confusion with the EFG-PA values can occur; 
thus for chloroform, the IA data yields eQVzz = eQqcc 

= +28.54(3) MHz [57]. The assumption of axial charge 
symmetry, leads to the EFG-PA data -80.39(22) MHz, 
also confusingly cited as eQVaa [38], A further feature 
of unusual type, is that the haloform and trihalogenos-
ilane molecules show very high asymmetry parameters 
when referred to the IA frame; thus for chloroform [57], 
we have 77 = (qaa - qbb)lqcc - -3 .74(4) as a typical ex-
ample. For the trichlorosilane it is even larger (-4.05) 
[66], In practice, we find the asymmetry parameters low 
around the Cl centres in both molecules, so that the 
above (expediently chosen) analysis is a reasonable ap-
proximation. In Table 4 - 6 , we also show the (approx-
imate) NQR EFG-PA values for these and related mole-
cules, which would have been obtained by the assump-
tion of local EFG cylindrical symmetry; again the data 
are all consistent. In particular, the fact that the EFG-
PA values of the NQCC at 35C1 in the silanes when com-
pared with the methanes, are nearly half the magnitudes, 
emerges. 
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The MW study of dimethyldichlorosilane [69], leads 
to a much higher r\ for the EFG-PA results than found 
here; the value seems high by comparison with other 
molecules, but again (in the absence of determination of 
the off-diagonal elements) cylindrical asymmetry was as-
sumed. The only other discrepancy appears to be trimeth-
ylsilyl chloride, where the axially symmetric molecule 
leads to Xzz -34.711 MHz in the present study compared 
with -46.9(15) MHz in an early MW study [61]. These 
data have omitted from the correlations shown, since it 
seems unlikely that the present calculations, which are 
consistent with the other silyl results, could be in error 
to such a large degree. There are problems with internal 
rotation in the analyses of spectra from such compounds. 

3.3. EFG and Derived Quadrupole Coupling Constants 
in Relation to Experiment 

In Table 7, we show the slope (m), intercept (c) for a 
series of correlations y = mx + c, where y is the Observed 
NQCC, and x is the Calculated NQCC. The correlation 
coefficient (CC), and Standard Errors (SE) of slope and 
intercept for N-sets (NP) of data are shown. Figure 2 
shows the overall correlation of the 35C1 quadrupole 
coupling constants, calculated versus experiment for the 
IA data. Since the methods used are identical with those 
for the axially-symmetric compounds of our previous 
paper [5], we include these compounds; the IA and 
PA data are identical in these latter cases. Thus the cor-
relation, over some 51 points contains both organic and 
inorganic compounds, and in the latter case, contains hal-
ogens and inter-halogens, as well as the silyl compounds. 
The corresponding data for the bromo and iodo com-
pounds is shown in Fig. 3 and Fig. 4. In each case, the fit 
is very satisfactory, all data are effectively controlled by 
scatter, and no systematic or specific mis-matches are 
seen. 

If the EFG-PA data from the present study is plotted 
against the values derived from the IA data, by whatev-
er approximations chosen by the MW authors, but espe-
cially (a) cylindrical symmetry or (b) z-axis coincident 
with bond axis, and (c) after determination of the off-di-
agonal elements, and direct determination of the 
EFG-PA results, we obtain an almost identical correla-
tion. In this instance, the corresponding linear regression 
data for the slope and intercept are statistically identical 
results to the IA results, showing the high level of agree-
ment between theoretical and experimental data. Thus 
the intrinsic errors in the theoretical data, namely non-

idential structures, and hence differing moments of in-
ertia and inertial axis positioning, and the errors in the 
experimental data, including the claimed errors (shown 
in the Tables), as well as the approximations (a) and (b) 
above, all balance out. 

4. Implications for the Atomic Quadrupole 
Moments 

We have performed correlations of the above type for 
a number of years [1]. However, whilst these show the 
degree of scatter between the calculated and observed 
data, the Laplace relationship, Xxx + Xyy + Xzz = makes 
it inevitable that the correlation lines will pass close to 
the origin. In order to determine the 'effective atomic 
quadrupole coupling constants' for each halogen, we 
scale the values used by the slope of the correlation line. 
This gives the values, CI -84.63(33), Br +314.48(80), 
I -724.74(310) mb, where the errors are based on the SE 
of the regression slope. The % changes for the nuclei are 
thus CI +3.6, Br -5 .0 and I -5.9% respectively. The pri-
mary factors which may distort these values are (i) wheth-
er the basis sets and methodology used are returning a 
constant proportion of the EFG, (ii) whether there are rel-
ativistic effects, which will increase with the atomic num-
ber of the element. We cannot be sure of either of these 
factors. However, there seems no need to reassess the 
value for the 79Br nucleus downwards by 10%, as has re-
cently been suggested on the basis of calculations on 
brominechloride (BrCl) [70]. Our previous paper [5] 
shows that the present adjustment in the value of Ö79Br 
of -5.0% would give effectively exact agreement with 
experiment for BrCl. The reason for the discrepancies in 
the 'effective atomic quadrupole coupling constants' re-
quired for calibration of EFG calculations with large ele-
ments such as Br and I, is the essential need to (i) oper-
ate with a large atomic basis set, and then (b) to decon-
tract the gaussian orbitals to almost the maximum de-
gree, in order to allow core polarisation to be possible in 
molecular cases [5]. 

5. Electric Charge Distributions 

5.1. Dipole Moments 

We now report the dipole moment results obtained and 
compare these with those from various experimental 
methods. Although there are compendia of dipole mo-
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ments for simple compound such as the present series 
[7], the values obtained over the rather narrow range, by 
diverse methods show considerable scatter for individu-
al compounds, and there is no Stark effect MW studies 
on a number of key compounds; new data is urgently 
awaited. The individual components in the inertial axes 
may cause some problems since the MW intensity var-
ies with the square of the dipole moment. Ethyl iodide is 
typical with pa 1.75(5) and ph 0.25(1) D [80], The ratio 
of 7:1 in the components shows that the intensity of the 
separate spectra would differ by 49:1. We assign a posi-
tive sign to the dipole moment to mean that the negative 
end of the dipole lies towards the quadrupolar halogen 
under study. In order to widen the range of data, we in-
clude some of the compounds from our previous study 
[5], The overall correlation of the data shown provides a 
linear correlation of form //Expt = 0.906 /icaic + 0.036. 
The SE in slope is 0.025, and intercept 0.043, with a cor-
relation coefficient of 0.9865 for 37 compounds. In gen-
eral the correlation is satisfactory, but the uncertain va-
lidity of some of the experimental (solution) data to the 
present correlation makes detailed discussion impracti-
cable. However, it appears that the dipole moments in the 
series: Me, Et, i-Pr and t-Bu increase slowly for all indi-
vidual halogens, while the Me-X series with X = Cl, Br 
and I decrease [60]. These effects are consistent with the 
electron donating effects of alkyl groups, and electron 
acceptance of all halogens relative to an attached C-at-
om. In the case of the CF3-X and SiF3-X compounds, the 
dipole moments are of different sign to the above. Thus 
vector addition of the F3 atoms in an approximately tet-
rahedral environment, leads to one F-C or F-Si dipole 
along the internuclear principal axis; this is more than 
sufficient to outweight the C-Cl and Si-Cl dipoles in the 
opposite direction, so that the MF3-X system behaves like 
an extended interhalogen, with F at the negative end of 
the dipole [32], In this way, the lower dipole moments of 
the CF3-X relative to the CH3-X series are readily ex-
plained [79], as is the fact that the CF3-X series have di-
pole moments I > Br > Cl, contrasting with CH3-X 
which are in the reverse order, while the trifluorosilyl ha-
lides have almost identical dipole moments to the triflu-
oromethyl halides [72] [73]. 

5.2. Atomic Populations by Mulliken Analyses 

Finally, we analyse the electronic charge distribution 
in terms of Mulliken atomic populations, and the indi-
vidual bond components. For the chloroalkanes, the bond 

dipoles comprising the difference in total atomic popu-
lations relative to the free atom sums in the atomic group-
ings, show that H-C bonds are polarised H^-C 5 " with S 
about 0.154e, except in isopropyl-compounds where the 
H-C-Cl is more polarised (0.162e). The methyl groups 
are fairly constant electron denors by about 0.040e to ad-
jacent C-Cl; the C-Cl bond dipole is about 0.130e. In the 
bromo-compounds, the C-Br polarisation is about 
0.134e, effectively the same as in the chloro-compounds. 
In contrast, the alkyl iodides have the C-I bond dipole re-
versed to the C-halogen ones above, with the I atom los-
ing about 0.109e; thus the dipole moment of iodomethane 
arises from the H-C bond polarisation outweighing the 
C-I one. The presence of more than one halogen leads to 
each having a smaller total population than separately, 
with the H-C dipole acting as the electronic balance. Thus 
dichloromethane has H-C dipoles of 0.185e, slightly in-
creased over the monochloro-compound, but the C-Cl di-
poles are reduced to 0.053e. The C atom in CH2BrCl is 
very similar in total charge to that in CH2C12, but CH2FC1 
has a nearly neutral C atom, with high bond dipole on 
C-F but nearly typical C-Cl bond. In the case of the ha-
logenosilanes, the H-Si bonds are polarised in the sense 
H ^ - S i ^ , where Ö is 0.286e (Cl), 0.297e (Br) and 
0.055e (I). Thus the iodine atom in iodosilane is nega-
tive in contrast to iodomethane molecule. The d-orbital 
populations in all these simple silanes are variable but 
low in every case. There is no evidence to connect the 
quadrupole coupling constants with d-orbital participa-
tion. The principal reason for the NQCC at halogen be-
ing nearly halved in the silanes compared with the meth-
ane series was covered in our previous paper. 

6. Conclusions 

Overall there is pleasing agreement between the ob-
served and calculated IA data in this set of compounds. 
The angle 9a between the a-axis and the C-halogen bond 
known from the substitution structure, leads to either (a) 
the assumption that the z-axis lies along the C-halogen 
bond direction. Hence here 0a = 9.a. Alternatively, (b) it is 
assumed that the EFG-PA tensor has cylindrical symme-
try, whereby Xzz = ~ 2Xx.x = ~ 2 X y y = ~

2 ' Z e d i n  t h i s  c a s e ' t h e  

c-axis component is unchanged in the plane of symmetry 
case. This last method immediately gives Xzz f r o m

 ~ 2Xcc-

With the advent of Fourier transform MW spectrom-
eters, the higher resolution by a factor of 40 in some cas-
es, leads to the determination of the off-diagonal elements 
(Xab e t c ) directly. The removal of the necessity for as-
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sumptions (a) or (b) above, can lead to marked differenc-
es. Thus for dichlorosilane, the EFG-PA value changes 
from -42.0 MHz (77 = 0.0 assumed) to -38.33 MHz 
(with 77 = 0.0815), a nearly 10% change [64], As it turns 
out, this improves the agreement with the present calcu-
lations. 

We find the asymmetry parameter for the alkyl halide 
series of compounds to be small; typical values in the 
ethyl halides are: Et-X, rj 0.0108 (X = CI), 0.0128 
(X = Br) and 0.0056 (X = I). However, the better as-
sumption of (a) and (b) above, is that the EFG-PA lies 
along the C-X bond. 

The electric dipole moments are reasonably well cor-
related with experimental data, but the absence of some 
Stark measurements has meant the need to utilise some 
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solution data. The charge distributions as determined by 
Mulliken analyses are consistent with the dipole mo-
ments, and in particular the signs of the dipole moments 
are standardised, and these correlations make the differ-
ences and similarities of CF3 and SiF3 series of com-
pounds in relation to the CH3 and SiH3 series better 
understood. 
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