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Ab initio values of Nitrogen l4N Nuclear Quadrupole Coupling Constants (NQCC's) are calcu-
lated for a series of methyl-substituted azoles in the Multiconfigurational SCF (MCSCF) approx-
imation. The four triazoles and two tetrazoles studied here are all isoelectronic. This enabled us 
to use the same level of approximation - basis set and active space - for all the molecules. The 
computed NQCC's are used to estimate the relative widths of the UN NMR signals, assuming 
an identical effect of molecular tumbling for all the nuclei in a molecule and neglecting solvent 
effects. The linewidths for the unsubstituted N atoms are, in agreement with experiment, much 
larger than for the methyl-substituted N atom. For the 1-methyl-tetrazole we present also the NMR 
shielding and spin-spin coupling constants and discuss in some more detail the dependence of all 
calculated NMR properties on the basis set and correlation effects. 
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1. Introduction 

In recent years, noticeable progress has been made 
in ab initio calculations of the molecular properties 
that characterise NMR spectra. With the application 
of magnetic gauge-origin independent methods, the 
determination of ever more accurate shielding con-
stants has become possible. Using linear response 
approaches which include the effects of electron cor-
relation, also the calculation of spin-spin coupling 
constants has become feasible. 

The calculation of Nuclear Quadrupole Coupling 
Constants (NQCC's) is in principle simpler than the 
calculation of the shieldings or spin-spin coupling 
constants, since it requires only the knowledge of 
the unperturbed wave function. For each nucleus, the 
NQC tensor is proportional to the Electric Field Gra-
dient (EFG) and to the quadrupole moment of the 
nucleus. For small molecules, the measurement of 
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the NQCC's coupled to the extremely accurate cal-
culation of the EFG has been used to determine the 
value of the Nuclear Quadrupole Moment [1 -3]. In 
some cases, also the dependence on rovibrational lev-
els [4] or a perturbing electric field - simulating the 
environment in a crystal [5] - was studied. 

A variety of ab initio methods which include cor-
relation effects may nowadays be applied to compute 
NQCC's for polyatomic systems. The following rel-
atively short list is intended to illustrate some recent 
applications. Palmer's studies have involved the SCF 
and M0ller-Plesset Second Order Perturbation Theory 
(MP2) calculation of NQCC's in a number of molec-
ular systems [6 - 10]. NQCC's of various nuclei have 
been studied using the M0ller-Plesset Fourth Order 
Perturbation Theory including Singles, Doubles and 
Quadruples (MP4(SDQ)) by Huber and co-workers 
[11-14], Recently, Density Functional Theory (DFT) 
techniques were used to compute the NQCC's (see 
e .g . [15,16]). Different methods have been com-
pared in calculations of formamide [17], For the l 4 N 
NQCC's, it was observed that MP2 overshoots the 
correlation effects when compared with presumably 
more accurate Coupled Cluster with Double substitu-
tions (CCD, also known as QCID) [ 18], and Quadratic 
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1 -methyl-tetrazole 2-methyl-tetrazole 1 -methyl-1,2,3-triazole 

2-methyl-1,2,3-triazole 1 -methyl-1,2,4-triazole 

Fig. 1. The azoles studied in this work. 

4-methyl-1,2,4-triazole 

CI (QCISD) [ 19] values, while various Restricted Ac-
tive Space SCF (RASSCF) [20] results yield a smaller 
correlation correction (see also [10] for results for for-
mamide). 

Ab initio calculations of NQCC's have also been 
performed recently on molecular clusters [21, 22] at 
the SCF level of theory, and on solids, by Schwartz 
and co-workers employing DFT [23], and by Palmer 
within the SCF approximation [24 - 26], 

Cremer and Kruger [27] compared calculated EFG 
and measured NQCC's for a series of molecules - both 
small and large - containing 14N. Using the more ac-
curate results for small molecules, they determined an 
"effective quadrupole moment" for 14N, which they 
applied to correct the results for larger systems. Sim-
ilar scaling has been sometimes used for 14N by other 
authors, see e. g. [6]. 

Different ab initio methods have their advantages 
and drawbacks in the calculation of NQCC's. In direct 
SCF calculations very large basis sets can be used; we 

exploit this feature here. The advantage of variational 
methods including correlation effects, like Multicon-
figurational SCF (MCSCF), is that the EFG tensor 
is computed as the average value of an operator. In 
non variational methods, like CCD or Coupled Clus-
ters including Singles and Doubles (CCSD) [28], 
more complicated equations must be solved, es-
sentially amounting to derivative calculations. On 
the other hand, even for a molecule of the size of 
an azole, it is not simple to obtain a balanced de-
scription of all the correlation effects in the wave-
function within MCSCF, whereas perturbation the-
ory methods do not favour any chosen orbitals. 
This may be relevant in a study of properties re-
lated to specific atoms. It appears that dynamic 
correlation effects, usually not easy to describe in 
MCSCF, are not too important for properties re-
lated to nuclear spin such as NMR properties de-
pendent primarily on the electron density close to the 
nucleus. 
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Although accurate calculation of EFG's requires 
the use of correlated wave functions and large ba-
sis sets, the main problem often lies in the compari-
son with experiment. Nuclear Quadrupole Resonance 
measurements for solids may yield direct informa-
tion on the EFG tensor, but the difference between a 
molecule in the solid and the same isolated molecule 
may be significant. In a standard NMR experiment 
in solution or in a liquid, the linewidth of the signal 
depends upon the NQCC's. However it also depends 
on the molecular tumbling, and extracting accurate 
information on the EFG tensors from the measured 
linewidths may be difficult. Accurate experimental 
results suitable for direct comparison with ab ini-
tio values are obtained mainly from microwave spec-
troscopy. 

Here we obtain the NQCC's of the l 4 N nuclei of six 
triazoles and tetrazoles by computing the EFG tensor 
with MCSCF wave functions. The molecules are: 

1 -methyl-tetrazole; 2-methyl-tetrazole; 
1 -methyl-1,2,3-triazole; 2-methyl-1,2,3-triazole; 
1 -methyl-1,2,4-triazole; 4-methyl-1,2,4-triazole. 

Both the molecules and the numbering of the relevant 
atoms are shown in Figure 1. 

For 1-methyl-tetrazole we have studied in some 
detail the role of various approximations in the MC-
SCF wavefunction, and in addition we have employed 
also MP2. A selected basis set and RASSCF active 
space were used for all the other molecules. Finally 
we compare the measured and computed ratio of 
the quadrupolar relaxation rates for all the Nitrogen 
atoms. 

Relatively old experimental data [29, 30] for the 
signal linewidths and semiempirical estimates [30] 
are available for these systems. These estimates are 
based on the use of the INDO method to obtain bond-
order and charge-density matrix elements and of the 
Townes and Dailey approach [31 ] to compute the EFG 
tensors. With the exception of the SCF calculations 
of Palmer et al. [6] for the two tetrazoles, there are to 
our knowledge no more recent ab initio NQCC data 
for these molecules. 

For the 1-methyl-tetrazole system we also present 
results for the chemical shielding and spin-spin cou-
pling constants (involving 15N). Although different 
perturbing operators describe various NMR proper-
ties, they all probe the electron density close to the 
nuclei. Therefore it is of interest to see how accurately 
all these properties - NQCC's, shielding constants 

and spin-spin couplings - can be reproduced with the 
same reference MCSCF wavefunction. 

In the calculation of the shielding constants we use 
the Gauge Including Atomic Orbitals (GIAO's), also 
known as London Atomic Orbitals (LAO's) [32]. The 
formulation we use is valid for arbitrary approxima-
tions to the wave function [33]. GIAO's ensure the 
gauge invariance of the results of magnetic proper-
ties, as well as improving basis set convergence [34], 

For the indirect spin-spin coupling constants we 
have included all coupling mechanisms (Fermi con-
tact - FC, spin-dipole - SD, paramagnetic spin-orbit -
PSO - and diamagnetic spin-orbit - DSO) in the cal-
culation [35, 36]. We have calculated all the coupling 
constants, but we discuss here only those for which 
experimental data are available for comparison. 

2. Theory 

2.1. 14N NMR linewidths and NQCC tensors 

In , 4 N NMR spectroscopy the quadrupolar mo-
ment of i 4 N and the resulting signal broadening has 
always been partly a problem, and partly a way to 
obtain information on the electronic structure of the 
molecule. The quadrupolar relaxation rates of 14N nu-
clei, and the corresponding signal widths, depend on 
the EFG at the nuclei and on the molecular rotations. 
Assuming an approximate description of the molec-
ular tumbling and calculating accurate values of the 
EFG at the nuclei, the signal width in a given molecule 
can be determined. 

We follow the usual assumptions (see e. g. Abra-
gam [37]), and, being interested in relative widths of 
l 4 N NMR spectra, we assume isotropic rotation and 
that the system is described by a single value of the 
correlation time. Thus for a given nucleus [37] 

1 _ 3 27 + 3 
Tq ~ 40 I2(2I - 1 A 3 / U dz2J Tc' 

where Tq is the quadrupolar relaxation time, I the 
nuclear spin, eQ the nuclear quadrupole moment and 
d2V/dz2 = Vzz the maximum absolute component 
of the EFG tensor (assumed to be the 2 component). 
Finally, r/ is the asymmetry parameter 

v = V x x ~ V y \ 0 < 77 < 1, (2) 
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where by definition 

\Vzz\ > \Vyy\ > \VXX\, Vxx + Vyy + VZZ=0 ( 3 ) 

and r c is the correlation time. Equation (1) is valid in 
the extremely narrowing regime, which is perfectly 
adequate for small molecules in non-viscous fluids 
[37], Within this set of assumptions the linewidths 
are proportional to 1 /T q . 

The ratio of the quadrupolar relaxation rates given 
in Tables II and III has been obtained from (1). Since 
1 < l + 772/3 < 4 / 3 , these ratios are approximately 
proportional to the square of the ratio of the corre-
sponding NQCC's. 

3. Computational Details 

All the MCSCF calculations were performed using 
the DALTON program [38], which was also employed 
to obtain the Linear Response [39,40] results for the 
chemical shieldings and spin-spin coupling constants 
presented below. The MP2, CCD and QCISD calcu-
lations were performed with GAUSSIAN 94 [41]. 

Geometries were fully optimised at MP2 level 
using a 6-31G** basis set [42, 43], For all the 
molecules we have assumed C s symmetry. For 1-
methyl-tetrazole we have calculated NQCC's for two 
optimised geometries, corresponding to different ar-
rangement (a 180° rotation) of the methyl group, and 
found that there is almost no effect on any of the 
l 4 N quadrupole coupling constants. In two of the 
molecules, pairs of N atoms differ only due to the 
chosen arrangement of the methyl group. Since the 
calculated NQCC differences are also very small, we 
have not analysed further the effect of the rotation of 
the methyl group. 

Several sets were employed to study the basis set 
dependence at SCF level of the properties of the refer-
ence system, the 1-methyl-tetrazole. These included 
the so-called HII, Hil l and HIV sets devised by Huz-
inaga [44]: 

• HII: [9s5pld I 5s4pld] contracted set for N and 
C a n d [5slp I 3s lp ] for H; 

• Hill : [1 Is7p2d I 7s6p2d] for N and C and [6s2p I 
4s2p] for H; 

• HIV: [11 s7p3d 1 f I 8s7p3dlf] for N and C and 
[6s3pld I 5s3pld] for H. 

Test calculations for the N2 molecule show that 
even the first Huzinaga HII set furnishes very rea-
sonable results for the Nuclear Quadrupole Coupling 
Constants of 14N: a CASSCF calculation gives for the 

largest component Vzz = -1 .107328 au, to be com-
pared to e. g. a Fourth Order Many Body Perturbation 
Theory - MBPT(4) - value [ 1 ] of Vzz = -1 .115 au. or 
Vzz = -1 .1657 au. in the CCSD calculation of [28]. 
This and our SCF study of 1-methyl-tetrazole (Table 
II), together with size and computer cost considera-
tions, appeared to be convincing arguments to employ 
Huzinaga's HII set for all our electron correlated cal-
culations. 

Another option in calculations of the NQCC tensor 
of a single atom is to use locally dense basis sets [12], 
but we are interested here in relative linewidths, and 
in such case it is preferable to run the calculation for 
all the atoms at the same time. 

The occupied SCF orbitals are (in C s symmetry) 
18 A' and 4 A" for all molecules. Four Restricted 
Active Spaces were employed in the calculations for 
the 1-methyl-tetrazole. In the following, the notation 
(AT; / ATa) / ( n f , n f / n & s l , S1 / n ^ S 2 , s 2 / 
nRAS3' nRAS3) be employed to denote how the N i 

inactive and N a active electrons are divided within the 
inactive (i), RAS1, RAS2 and RAS3 spaces. n[ in-
dicates the number of orbitals of symmetry r in the 
subspace k. 

• RAS-A: (20 / 24) / (10, 0 / 8, 0 / 0, 6 / 6, 0). The 
corresponding CI expansion included ca. 1.25 million 
determinants. 

• RAS-B: (28 / 16) / (14, 0 / 4, 0 / 0, 6 / 6, 0). 
320000 determinants. RAS-B was employed only in 
some calculations of spin-spin coupling constants. 

• RAS-C: (22 / 22) / (10, 1 / 8, 0 / 0, 5 / 8, 0). 
960000 determinants. 

• RAS-D: (22 / 22) / (10, 0 / 8, 0 / 0, 5 / 8, 1). 
We observe that the extra orbital of A" symmetry in 
RAS3 was mainly localised on N l . The number of 
determinants is about 1 million. 

A maximum of two holes were allowed in sub-
space RAS1, while a maximum of two electrons was 
allowed in subspace RAS3. Of the four wavefunc-
tions described above, only RAS-A was employed in 
the electron correlated calculations of the NQCC's of 
the remaining five azoles. RAS-A was also used to 
compute the chemical shieldings and the dominant 
contributions to the spin-spin couplings of 1-methyl-
tetrazole. 

4. Results and Discussion 

A comparison of various results for 1-methyl-
tetrazole is shown in Table I. For each N atom, the last 
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(a) Table I. 14N NQCC tensors in 1-methyl-tetrazole (MHz) 

[6] This Work 
HII Hill HIV HII HII 

SCF SCF SCF SCF MP2 RAS-A 

Table II. Relative linewidths for the ,4N NMR signal in 
1-methyl-tetrazole. 

0.591 0.749 
Nl v22 2.255 2.165 

V33 -2.846 -2.914 

V n 
V 22 

-5.221 -5.263 
N2 

V n 
V 22 3.993 3.748 
V33 1.229 1.516 

v 2 2 

-4.965 -5.993 
N3 v 2 2 3.397 3.186 

^33 1.569 2.807 

V 21 

-5.403 -5.293 
N4 V 21 3.474(b) 3.172 

1.929 2.121 

0.692 
2.193 

-2.885 
-5.232 
3.697 
1.535 

-6.035 
3.071 
2.964 

0.608 
2.115 

-2.723 

-5.250 
3.596 
1.653 

-6.041 
3.071 
2.970 

0.710 
1.792 

-2.502 

-4.134 
3.847 
0.288 

-4.520 
3.499 
1.021 

0.725 
1.895 

-2.620 
-4 .630 

3.837 
0.793 

-5.090 
3.324 
1.765 

-5.280 -5.292 -4 .553 -4.755 
3.161 3.070 2.795 2.980 
2.120 2.222 1.758 1.774 

(a) The authors of [61 employed eQ = 0.0167 barn. The values in 
the table have been rescaled using eQ = 0.0202 barn. 
(b l Considering the results of [6] for 1H-1,2,3,4 tetrazole. 2-Methyl-
tetrazole and our SCF results, we have assumed a misprint in Table 3 
of [61 and rearranged the last two tabulated components for the 
reference data, N4 atom. 

component given is the IT component of the tensor, one 
of the principal axes being perpendicular to the plane 
of the ring. We first compare the SCF results. Even 
our smallest HII basis set (156 CGTO's) is larger than 
used in 1980 by Palmer et al. [6]; the largest HIV ba-
sis includes 382 CGTO's. Nevertheless, as shown, all 
the values for NI , N2 and N4 are in good agreement, 
only for N3 the differences are larger. The differences 
are not only due to the choice of basis set, since our 
and the [6] calculations are performed for different 
geometries. 

For all the V c o m p o n e n t s of all atoms, the correla-
tion corrections obtained in MP2 and RAS-A approx-
imations have the same sign. They are also always 
somewhat larger in MP2 than in RAS-A. Considering 
other numerical results (see e.g. 14N in formamide 
[17], discussed above), we expect that MP2 overes-
timates and RAS-A underestimates slightly the in-
fluence of electron correlation. Correlation effects re-
duce the largest Vzz components for all the atoms. The 
effect is relatively small, approximately 10% for each 
atom. We may thus assume that further improvements 
in the description of electron correlations would not 
change very significantly the calculated NQCC's. We 
have compared the orientation of principal axes in dif-
ferent calculations. The variations were also not very 
significant and somewhat larger for N3 than for other 
atoms, when correlation effects were included. 

Basis Nl N2 N3 N4 

SCF [61 1 3.303 2.856 3.324 

SCF HII 1 3.205 3.925 3.098 
SCF Hill 1 3.189 4.015 3.112 
SCF HIV 1 3.526 4.465 3.455 

RAS-A HII 1 3.350 3.650 3.155 
RAS-C HII 1 3.338 3.613 3.240 
RAS-D HII 1 2.471 2.729 2.426 

MP2 HII 1 3.21 3.38 3.18 

The relative linewidths of 14N signals computed 
for 1-methyl-tetrazole are shown in Table II. The 
linewidths of N1 is chosen to be 1. Again, the SCF re-
sults are similar in all the calculations for N1, N2, and 
N4. The difference for N3 is larger than seen for the 
NQCC, due to the approximate V2

2. dependence. The 
RAS-A, RAS-C, and MP2 results are very similar. In 
the RAS-D wavefunction we add to the active space a 
predominantly NI-based orbital, and thus mainly the 
linewidth for N1 is modified. We note that, in general, 
the increase of the basis set leads to an increase of the 
calculated relative linewidths of N2, N3, and N4. The 
effect of correlation is opposite, which usually means 
that there is, to some degree, a useful cancellation of 
errors. Finally, the RAS-A wavefunction, which was 
chosen for the study of the other azoles, yields results 
very similar to MP2. Both a CCD and a QCISD cal-
culation - in the 6-31G** basis set - furnished results 
close to those obtained with the RAS-A or MP2 ap-
proximations, indicating stability of the results. The 
computational complexity of CCD and QCISD and 
the limitations of our current hardware didn't allow 
the use of larger basis sets, and even with the 6-31G** 
set a selection of the orbitals had to be done in order 
to make the QCISD calculation feasible. We have also 
performed test calculations using four different MC-
SCF wavefunctions for 1-methyl-1,2,3-triazole, and 
the variations of the results are similar to those dis-
played in Table II. 

For the other azoles we discuss only the NMR sig-
nal linewidths, since there are no experimental data 
for their NQCC's. The calculated linewidths for all 
the 14N signals in the azoles studied here are shown 
in Table III. The available experimental data we quote 
are from the end of the seventies [29, 30]. We do not 
include in the tables their fairly large error bars (see 
[29, 30]). More recent and precise data [45] indicate 
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Table III. Relative l inewidths for the l 4 N N M R signal in the 
triazoles and tetrazoles studied here ( a ) . 

N1 N2 N3 N4 

1-methyl-tetrazole RAS-A 1 3.350 3.650 3.155 
Exp. 1 2.500 2.969 4.219 

2-methyl-tetrazole RAS-A 2.874 1 2.948 3.083 
Exp. 3.763 1 3.118 3.226 

1 -methyl-1,2,3-triazole RAS-A 1 3.592 3.692 
Exp. 1 3.923 3.231 

2-methyl-1,2,3-triazole RAS-A 2.140 1 2.185 
Exp. 2.304 1 2.304 

1 -methyl-1,2,4-triazole RAS-A 1 2.612 1.839 
Exp. 1 3.154 1.923 

4-methyl-1,2,4-triazole RAS-A 3.271 3.216 1 
Exp. 3.226 3.226 1 

(a) Experimental data from [30] and [29]. Basis set is Huzi-
naga's HII. 

that even more important for comparison with ab ini-
tio calculations is the very strong solvent dependence 
of the observed linewidths. It appears that the changes 
of the experimental results with the solvent may be 
on the order of 20 - 30%, and therefore we are not 
going to analyse in detail the differences between 
our and experimental values for the unsubstituted 
N atoms. We note good agreement of most of the 
calculated and experimental values. Considering this 
and the stability of the results for 1-methyl-tetrazole 
shown in Table II, we may assume that the largest 
discrepancies (N4 in 1-methyl-tetrazole and N2, N3 
in 1-methyl-1,2,3-triazole) probably reflect inaccura-
cies of the experiment or solvent effects rather than 
inadequacy of our calculation of NQCC's . 

Our results for the chemical shieldings and for the 
spin-spin coupling constants in 1-methyl-tetrazole are 
shown in Tables IV and V. It can be seen from Table 
IV that for all the groups of atoms - N, C and H - , the 
calculated shielding differences (relative shifts) are in 
much better agreement with experiment [46] than the 
individual values. This indicates that the discrepan-
cies are partly due to the conversion from the chemical 
shift to absolute shielding scale. Moreover, studies of 
the solvent dependence of the Nitrogen shielding [45] 
(including 1-methyl-tetrazole) indicate that variations 
of more than 10 ppm can be observed in going from 
one solvent to another. It appears that for N2, N3, and 
N4 the results are within this range of accuracy, and 
only the deviation for the methyl-substituted N1 atom 
is somewhat larger. 

The spin-spin coupling constants have been ob-
tained from two calculations. The most important FC 

Table IV. Shie ld ing constants in 1-methyl- te t razole (ppm). 

This work, RAS-A Exp. abs.(a) Exp.(b) 

N 1 5 0 . 3 1 5 . 5 5 - 1 5 1 . 3 5 
N 2 - 1 0 7 . 4 - 1 2 7 . 5 1 - 8 . 2 9 

N 3 - 1 4 1 . 2 - 1 5 0 . 0 9 1 4 . 2 9 
N 4 - 6 0 . 2 - 8 7 . 1 6 - 4 8 . 6 4 

C 5 6 3 . 0 4 9 . 5 1 4 3 . 2 0 

C M E 1 6 2 . 5 1 5 8 . 9 3 3 . 8 0 

H 5 2 4 . 7 2 2 . 3 3 8 . 7 
H M E 2 8 . 9 , 2 8 . 6 , 2 8 . 6 2 7 . 1 3 3 . 9 

(a) Conversion to absolute shielding: cr(N) = -135.8 (Nitro-
methane), a(C) = -192.7 (TMS), CT(H) = -31.03 (TMS). 
<B) [ 4 6 ] , 

Table V. Spin-spin coupl ing constants in 1-methyl -
tetrazole ( a ) ' ( b ) . 

This work, RAS Ref. [ 4 6 ] 

1 J ( C 5 - H 5 ) 2 3 8 . 4 2 1 7 . 3 
3 J ( C 5 - H M E ) 1.9 2 . 2 

' J ( C M e " H M e ) 1 6 6 . 4 1 4 3 . 6 

J ( C M e - N l ) - 2 2 . 1 - 1 0 . 2 

J ( C M E - C 5 ) 2 . 8 3 . 3 
2 J ( N 1 - H 5 ) - 7 . 5 - 9 . 3 
2 J ( N L - H M E ) 4 . 7 2 . 0 
3 J ( N 3 - H 5 ) - 3 . 0 - 3 . 0 
2 J ( N 4 - H 5 ) - 9 . 5 - 1 2 . 1 

(a) The experimental data do not include the sign, which is attributed 
here according to the results of our calculations. 
(b) For the H atoms of the methyl group we always use averages of 
three RAS-A values for the FC and DSO contributions, whereas 
RAS-B values obtained for the in-plane H atom of the methyl group 
were used for the SD and PSO contributions. 

contribution (and the simple DSO contribution) have 
been obtained using both the RAS-A and RAS-B 
wavefunctions, and we use the values of the RAS-
A approximation. The PSO and SD terms, which are 
much smaller and at the same time much more diffi-
cult to compute, were calculated only with the simpler 
RAS-B wavefunction. The results shown in Table V 
are in satisfying agreement with experiment. In addi-
tion, we can compare the FC contributions from the 
two calculations, and we find that the differences be-
tween RAS-A and RAS-B are important mainly for 
1 J ( C M e - N l ) , 2 J ( N l - H M e ) and 2 J (C M e -C5) . For each 
of these constants the step from RAS-B to RAS-A is 
an improvement, and extrapolation would bring the 
results into better agreement with experiment [46]. 

The overall accuracy of the shielding and spin-
spin coupling constants seems to be satisfying. For 
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a molecule of the size of 1-methyl-tetrazole, one can 
hardly expect much better results. Moreover, the ex-
perimental data refer to a very different situation than 
the ab initio values, and temperature and solvent de-
pendence should also be considered. There is no rea-
son to assume that the NQCC results are less accurate 
since, as mentioned above, the calculation of NQCC's 
is in principle less demanding than the calculation of 
other properties. 

5. Conclusions 

With increasing accuracy of the ab initio calcu-
lations, theoretical results for NQC tensors and re-
laxation times are becoming more reliable. Our cal-
culations of 14N NQCC's and signal linewidths in 
1-methyl-tetrazole give a good estimate of the depen-
dence of these properties on the description of elec-
tron correlation and size of the basis set. The MCSCF 
wavefunction gives satisfying results for other NMR 
properties, and we expect similar if not higher ac-
curacies for the NQCC's. More accurate calculations 
are presently possible - one can, e. g., use basis sets 
including over a thousand CGTO's and MCSCF ex-
pansions including up to 107 determinants. However, 
it appears that what is mainly needed for comparison 

with experiment is a description of the effects of the 
environment (see e .g . [17]). 

In this work, we have restricted ourselves to calcu-
lations for single molecular geometries. Further ex-
tensions of theory, which yield an estimate of Nuclear 
Quadrupole couplings in a liquid, are possible. A good 
illustration is the study of liquid water and liquid neon 
by Huber [12], who used molecular dynamics simu-
lations. 

Such results can be combined with accurate exper-
imental data from microwave and NMR spectra to 
analyse the NQC tensors and, once the values for the 
isolated molecule are known, to estimate and interpret 
the effects of intermolecular forces in the solution. 
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