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Abstract

The linear polarizabilities and first hyperpolarizabilities of two geometrical isomers (Z,E) of donor–acceptor azo-enaminones have
been calculated, taking into account frequency dispersion effects, through CPHF method. Static results were also obtained at the
MP2 level and correlated dynamic values were estimated using the multiplicative correction scheme. Our results show that the diagonal
component of the first hypepolarizability of E isomers is enhanced with increasing donor strength. Dispersion effects have a marked influ-
ence for the standard frequencies considered here (x = 0.0239 and 0.0428 a.u), specially for second harmonic generation.
� 2007 Elsevier B.V. All rights reserved.
1. Introduction

Molecular materials exhibiting quadratic nonlinear opti-
cal (NLO) have been object of intense research due to
potential applications in various photonic technologies
[1–4]. Among the NLO organic chromophores, an interest-
ing class of NLO molecules with large first hyperpolariz-
ability are the so-called donor–acceptor systems. In these
organic chromophores the quadratic NLO properties,
characterized by first hyperpolarizabilities, can be modu-
lated by varying the asymmetric polarization induced by
incorporation of different donor–acceptor groups.

Enaminones are chemical substances that present a con-
jugated system of the type N–C@C–C@O with different
geometric forms [5,6]. The NLO molecules studied here,
namely azo-enaminones, can be obtained by incorporation
of an azo group to the N–C@C–C@O conjugated system.
Azo-enaminone derivatives have been synthesized from
the azo coupling between quinone diazides and acyclic
enaminones [7,8] or more recently from the coupling of dia-
zonium salts and enaminones [9–12]. An attractive aspect
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of these latter compounds is that they are more flexible,
as regards structural modifications, than those synthesized
by quinone diazide route. These compounds have a planar
molecular architecture favored by the intramolecular
hydrogen bonds involving the azo group [7,8]. Further-
more, structural studies based on multinuclear magnetic
resonance NMR reveled that azo-enaminone derivatives
can exist in CDCl3 solution in the form of two geometrical
isomers (Z,E), due to an unusually low rotational barrier
around the C@C double bond [9]. In a previous study
[13], we have examined the isomerization effects on the sta-
tic polarizabilities of these new azo-enaminones synthe-
sized by diazonium salt route as well as some azo-
enaminones synthesized by quinone diazide route. Our
ab initio quantum mechanical calculations showed that
the relative orientation of donor groups in p-nitro azo-
enaminones has an important impact on the magnitude
of the first hyperpolarizability. In addition, it has been
shown that Z isomers are more stable than the E isomers
by a small amount of energy which do not reach 3 kcal/
mol.

The present Letter reports ab initio coupled perturbed
Hartree–Fock (CPHF) calculations of the frequency
dependent NLO properties of azo-enaminone isomers as
function of the strength of the electron-donor. We examine
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Fig. 1. Molecular structures of the azo-enaminone isomers studied in this
work (see also Table 1).

Table 1
Labels of the azo-enaminone isomers presented in Fig. 1

Compounds Substituents

D X Y

1A H H H
1B CH3 H H
1C C(CH3)3 H H
2A H OH H
3A H H Cl
4A H OH Cl
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the isomerization influence on the diagonal and off-diago-
nal components of the first hyperpolarizability of azo-
enaminones placed on the yx-plane with the x-axis in the
direction of the permanent dipole moment. The model sys-
tems are E and Z isomers of azo-enaminones with –NO2 as
the electron-acceptor group attached at para position of the
phenyl ring and –NH2 as the electron-donor group. The
donor character strength is varied by the replacement of
an H atom of the aminic group by substituents such as –
CH3 and –C(CH3)3. We have also analyzed the influence
of a chlorine atom attached at the phenyl ring on the opti-
cal properties of both E and Z isomers of azo-enaminones.
The NLO molecules studied in this work are displayed in
Fig. 1 and specified in Table 1. Previous studies have been
reported showing the importance of the dispersion contri-
butions in order to obtain a more accurate description
for first hyperpolarizability [14–23]. Effects of the nuclear
motion, although not considered in this work, are expected
to play important roles on the calculations of the first
hyperpolarizabilities [24,25]. However, previous calcula-
tions have shown that the vibrational contributions are
usually negligible for second-harmonic generation pro-
cesses [25].

2. Geometry and computational details

For simplicity, we have used the optimized geometric
parameters of both E and Z isomers obtained previously
at the MP2 level of theory using the 6-31G basis set
[13,26]. To maintain the uniformity, the molecular struc-
tures of the E isomers with a chlorine atom attached at
phenyl ring have also been optimized at the MP2/6-
31G level. In comparison with previously optimized
geometries [13,26], the most significant structural modifi-
cation related to the inclusion of the chlorine atom in the
E isomers is the lost of planarity of the molecular struc-
ture. This lost of planarity can be estimated from the
dihedral angles of the atoms labeled by numbers as illus-
trated in Fig. 1. In compound 3AE, for instance, the
MP2/6-31G results give a conformation in which both
the phenyl ring and the enaminone group are twisted
with respect to the plane of the azo group by 7.69�
(C6C5N4N3) and 5.35� (N4N3C2C1), respectively. In
compound 4AE the phenyl ring is coplanar to the plane
of the azo group and the dihedral angle between this
latter group and the enaminone group is of �12.07�
(N4N3C2C1). Despite the loss of planarity, results
obtained, but not listed here, show that the incorporation
of the chlorine atom almost does not affect the other
geometric parameters of these E isomers as previously
reported for substituted Z isomers [26]. Here the calcula-
tions of geometry optimization were also performed
using the GAUSSIAN 03 package [27].

The static and dynamic electric properties were calcu-
lated analytically using the coupled perturbed Hartree–
Fock procedure, implemented in the GAUSSIAN 03 program
[27]. The particular second order NLO processes consid-
ered were second harmonic generation (SHG), associated
with bvec(�2x;x,x) [2], and electro-optical Pockels effect
(EOPE), related to bK(�x; 0,x) [28]. As the dipole moment
was orientated alrong the x-axis, these dynamic properties
can be written as

bvec ¼ bxxx þ
1

3

X

i6¼x

bxii þ bixi þ biix ð1Þ

and

bK ¼ bxxx þ
1

2

X

i6¼x

3bxii � biix: ð2Þ

Notice that these equations are in the l Æ b/5kT context [28]
and that bvec = bK for x = 0. First hypepolarizabilities can
be measured by electric-field-induced second harmonic
generation (EFISH) [29,30] or hyper-Rayleigh scattering
(HRS) [31]. At the MP2 level, the calculations of the static
properties were performed numerically through the finite
field (FF) method using field strengths of the order of
±0.001 a.u. Equivalent results for the polarizabilities ob-
tained using both numerical and analytical procedures at
the HF level provide the numerical accuracy of the FF
numerical procedure employed to calculate the MP2
NLO properties of azo-enaminones. To estimate the corre-
lated dynamic results we have employed the multiplicative
correction scheme commonly used in the literature [17–
19,22,23]:
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bMP2ð�xr; x1;x2Þ �
bMP2ð0; 0; 0Þ
bCPHFð0; 0; 0Þ

bCPHFð�xr; x1;x2Þ:

ð3Þ
In this Letter the basis set influence on the static and dy-
namic linear polarizability and the first hyperpolarizability
is analyzed for both type of isomers by comparing the re-
sults obtained using the 6-31G basis set and the 6-31G+p
augmented version of this set (extra p functions are added
on the heavy atoms). Thus, the exponents used in calcula-
tions when p extra functions are added on heavy atoms are
fp = 0.03 on carbon atoms, fp = 0.04 on nitrogen atoms,
fp = 0.07 on the oxygen atom and fp = 0.02 on chlorine
atom [26]. The choice of these exponents was determined,
at the HF level, by imposing the maximization of the bvec

values. This criterion is justifiable because the use of rela-
tively small basis sets tends to underestimate the values
of the calculated properties [32].

3. Results and discussion

Static and dynamic CPHF and static MP2 results for the
components axx,ayy and azz of the polarizability and bxxx,
bxyy and bxzz of the first hyperpolarizability for the azo-
enaminones 1AE [1AZ] are quoted in Table 2. Table 3 pre-
sents MP2 static results for all azo-enaminones. Both static
and dynamic properties were determined on the MP2 equi-
librium geometry. As the x-axis was placed in the direction
of the permanent dipole moment, the a and b components
were calculated considering such orientation. The angle
between the x-axis and the C6–C1 direction (see Fig. 1)
for each molecule is shown in Table 3.

The basis set effects are discussed from results obtained
using the 6-31G and 6-31G+p basis sets displayed in Table
2. The calculations for dynamic properties were performed
for the standard frequencies x = 0.0239 and 0.0428 a.u.,
but to avoid the proliferation of number only data for
x = 0.0428 a.u. were included in this table. Our findings
show that for each property the static and dynamic results
have a very similar basis set dependence and that the first
hyperpolarizability values are more dependent of the iso-
Table 2
Static and dynamic linear polarizabilities (in 10�24 esu) and first hyperpolariza
sets. All calculations were performed using MP2/6-31G optimized geometry

MP2 CPHF

x = 0 x = 0

6-31G 6-31G+p 6-31G

axx(�x;x) 42.42 [37.40] 45.45 [40.66] 39.51 [3
ayy(�x;x) 31.00 [36.77] 34.44 [39.07] 29.11 [3
azz(�x;x) 8.58 [8.65] 12.62 [12.68] 8.47 [8
bxxx(�x; 0,x) 40.60 [19.64] 45.30 [24.58] 21.31 [1
bxyy(�x; 0,x) 17.34 [23.80] 21.31 [26.63] 5.46 [6
bxzz(�x; 0,x) �0.18 [�0.03] 0.29 [�0.13] 0.25 [�
bxxx(�2x;x,x) – – –
bxyy(�2x;x,x) – – –
bxzz(�2x;x,x) – – –
meric form than those linear polarizability ones. The out-
of-plane component azz is found to be more sensitive to
the basis set effects than the in-plane components axx and
ayy. For instance, MP2 results show that the addition of
p diffuse functions leads to further increase of azz by 47%
[47%] whereas the corresponding increases of axx and ayy,
are, respectively, of 7% [9%] and 11% [6%]. Significant
basis set effects are also observed for the first hyperpolariz-
ability components. The use of the 6-31G+p basis set
increases the MP2 values of bxxx and bxyy, respectively,
by an amount of 12% [25%] and 23% [12%], as compared
with those obtained with the 6-31G basis set.

We have also analyzed the impact of the addition of d
functions on the chlorine atom. Thus, for the compounds
3 and 4, the 6-31G+p basis set was supplemented by the
addition of d extra functions with exponent fd = 0.06,
determined by maximization of bvec. Using the 6-31G+pd
basis set, the bxxx values (in 10�30 esu) obtained at the
HF level for the compounds 3AE [3AZ] and 4AE [4AZ]
are 23.79 [17.68] and 17.76 [11.57], respectively, while the
corresponding 6-31G+p ones are 23.69 [17.66] and 17.73
[11.60]. These results show that the addition of d diffuse
functions on the Cl atom has a negligible effect on bxxx.
A similar conclusion have been drawn for bxyy at the HF
level as well as for both components at the MP2 level.

Effects of incorporation of different functional groups
on the correlated static properties are discussed from the
MP2/6-31G+p results listed in Table 3. Similar conclusions
would be drawn for frequency dependent properties. The
results show that for 1-type isomers the incorporation of
stronger donor groups at the aminic nitrogen leads to a sys-
tematic increase of axx, ayy and azz, regardless the isomer
type, as a consequence of the additive nature of this prop-
erty [33–35]. For instance, results for 1BE/1AE [1BZ/1AZ]
and 1CE/1BE [1CZ/1BZ] ratios show that the axx values
are enhanced by 15% [9%] and 19% [14%], respectively.
In contrast, the effects of the introduction of these substit-
uents on the hyperpolarizability are further dependent of
the isomer type. For diagonal components, in particular,
these effects have opposite directions for the E and Z iso-
mers. The bxxx values of the E isomers increase with
bilities (in 10�30 esu) of isomers 1AE [1AZ] computed using different basis

x = 0.0428 a.u.

6-31G+p 6-31G 6-31G+p

7.48] 41.32 [39.34] 41.17 [39.07] 43.13 [41.07]
1.16] 31.21 [33.03] 29.78 [31.93] 31.98 [33.89]
.54] 11.85 [11.93] 8.49 [8.56] 11.92 [12.00]
5.29] 23.40 [17.62] 24.69 [17.82] 27.28 [20.64]
.25] 6.59 [6.86] 6.36 [7.21] 7.72 [7.98]
0.06] �0.05 [�0.13] 0.25 [�0.07] �0.06 [�0.13]

– 34.92 [25.66] 39.22 [30.13]
– 9.69 [10.75] 11.90 [12.18]
– 0.26 [�0.05] �0.80 [�0.13]



Table 3
MP2/6-31G+p results for static linear polarizabilities (in 10�24 esu) and first hyperpolarizabilities (in 10�30 esu) of azo-enaminone isomers, and angles
between the x-axis and the C6–C1 direction (in degree)

1AE [1AZ] 1BE [1BZ] 1CE [1CZ] 2AE [2AZ] 3AE [3AZ] 4 AE [4AZ]

axx(0;0) 45.45 [40.66] 52.05 [44.16] 61.82 [50.34] 45.91 [42.08] 48.35 [44.46] 48.49 [45.08]
ayy(0;0) 34.44 [39.70] 35.77 [43.05] 39.43 [48.38] 36.28 [40.03] 32.18 [36.35] 35.15 [38.33]
azz(0;0) 12.62 [12.68] 13.87 [13.90] 18.75 [18.64] 12.70 [12.72] 15.44 [15.12] 15.00 [15.05]
Æa(0;0)æ 30.84 [31.01] 33.90 [33.70] 40.00 [39.12] 31.63 [31.61] 31.99 [31.98] 32.88 [32.82]

bxxx(0;0,0) 45.30 [24.58] 59.60 [23.22] 70.93 [21.01] 33.31 [18.84] 46.68 [29.59] 32.35 [18.70]
bxyy(0;0,0) 21.31 [26.63] 22.64 [31.03] 22.24 [32.28] 19.14 [20.80] 5.70 [9.99] 7.36 [8.76]
bxzz(0;0,0) �0.29 [�0.13] 0.11 [0.01] �0.06 [0.01] �0.35 [�0.26] 0.47 [0.62] 0.26 [0.49]
bvec(0;0,0) 66.32 [51.08] 82.35 [54.26] 93.11 [53.30] 52.10 [39.38] 52.85 [40.20] 39.97 [27.95]

Angle 7.3 [12.3] 6.5 [15.8] 4.8 [18.2] 12.9 [16.9] 4.0 [0.6] 2.5 [6.3]
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increasing donor strength whereas the bxxx values of the Z

isomers decrease, indicating that the conjugated system of
the E isomers provides a more effective interaction between
donor and acceptor groups than that of the Z isomers. The
1BE/1AE [1BZ/1AZ] and 1CE/1BE [1CZ/1BZ] ratios show
increases [decreases] of bxxx by factors of 32% [5%] and
19% [10%], respectively. These results also indicate that
to reach the saturation regime of this property would be
required the incorporation of stronger donor groups [13].
The influence of the –OH group and/or Cl atom on the
electric properties of the 1A-type compounds can be esti-
mated by comparisons with the results of the azo-enami-
nones 2, 3 and 4. One can see that the linear
polarizability components are more sensitive to incorpora-
tion of a Cl atom at the phenyl ring (compounds 3 and 4)
than to the replacement of the H by OH (compounds 1A

and 2A). Notice that the significant enhancement of azz is
probably a consequence of the fact that the nitro group
is rotated with respect to the plane of the phenyl ring with
inclusion of the Cl atom. For the hyperpolarizability, it can
be observed that the effects of incorporation of these sub-
stituents give a decrease of both bxxx and bxyy components.
Therefore, the influence of Cl atom is particularly impor-
tant for bxyy which presents a marked reduction. For this
component, the 3AE/1AE [3AZ/1AZ] and 4AE/1AE [4AZ/
1AZ] ratios show decreases of 73% [62%] and 62% [58%],
respectively.

Our results, in addition, show that the type of isomeriza-
tion affect the components axx and ayy but has effects
almost negligible on azz. The MP2 ratios for 1AE/1AZ,
1BE/1BZ and 1CE/1CZ show increases of 12%, 18% and
Table 4
CPHF/6-31G+p results for static and dynamic first hyperpolarizabilities (in 1

Compound Static x = 0.0239

bvec(0;0,0) bK(�x;0,x)

1AE [1AZ] 29.94 [24.38] 31.34 [25.50]
1BE [1BZ] 36.36 [25.85] 38.10 [27.11]
1CE [1CZ] 40.39 [25.94] 42.37 [27.21]

2AE [2AZ] 26.89 [20.54] 28.26 [21.61]
3AE [3AZ] 21.98 [16.23] 22.95 [16.96]
4AE [4AZ] 19.59 [12.65] 20.53 [13.25]
23% on axx and decreases of 13%, 17% and 18% on ayy,
respectively. A similar geometric effect on these compo-
nents is also observed for the compounds 2, 3 and 4,
although the corresponding increase (decrease) do not
reach 10% (12%). One can see that the in-plane compo-
nents axx and ayy dominate the average linear polarizability
of both isomers. In close analogy with effects of incorpora-
tion of stronger donor groups, the structural modifications
have also a relevant impact for the diagonal component of
the first hyperpolarizability. This means that the donor–
acceptor intramolecular interaction in the direction of the
dipole moment is also affected by the relative position of
the p-conjugated system. For bxxx the 1AE/1AZ, 1BE/1BZ

and 1CE/1CZ ratios indicate substantial increases by fac-
tors of 84%, 157% and 238%, respectively. A similar effect
on the first hyperpolarizability components of tetra-substi-
tuted anthrancene isomers with respect to relative position
of the donor–acceptor groups have been recently reported
[35]. It can be seen that for the E isomers the diagonal com-
ponent bxxx gives the main contribution to the magnitude
of bvec. Exception made for the compounds 3AZ and
4AZ, for the Z isomers the magnitude of bvec has a similar
contribution of both bxxx and bxyy components.

Dynamic results at the CPHF level for the first hyperpo-
larizability for two standard frequencies x = 0.0239 a.u.
(k = 1907 nm) and x = 0.0428 a.u. (k = 1064 nm),
obtained using MP2 optimized geometries, are reported
in Table 4. The results show that for all molecules the dis-
persion effects increase as x becomes large and have a
major impact for the second harmonic generation than
for electro-optical Pockels effect, as recently reported for
0�30 esu) of azo-enaminones isomers

x = 0.0482

bvec(�2x;x,x) bK(�x; 0,x) bvec(�2x;x,x)

34.63 [28.25] 34.80 [28.37] 50.67 [41.81]
42.26 [30.15] 42.48 [30.26] 62.83 [45.44]
47.14 [30.33] 47.39 [30.42] 70.89 [46.10]

31.52 [24.21] 31.73 [24.33] 48.29 [37.88]
25.27 [18.77] 25.36 [18.80] 36.40 [27.52]
22.81 [14.75] 22.91 [14.75] 34.41 [22.30]



Table 5
HF/6-31G+p results for dipole moment (in D), static first hyperpolariz-
ability (in 10�30 esu), first resonance frequency (in a.u.) and LUMO–
HOMO energy gap (in a.u) of azo-enaminones isomers

Compound lx bxxx x0 DELUMO–HOMO

1AE [1AZ] 8.15 [7.70] 23.40 [17.62] 0.0710 [0.0703] 0.3144 [0.3154]
1BE [1BZ] 9.43 [8.68] 29.75 [16.38] 0.0709 [0.0685] 0.3098 [0.3103]
1CE [1CZ] 10.19 [9.14] 34.34 [15.12] 0.0706 [0.0679] 0.3084 [0.3090]

All calculations were performed using MP2/6-31G optimized geometry.
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others organic systems [20,21,23]. Furthermore, for the
EOPE effect, the dispersion correction leads to similar
increases independent of the isomeric form and functional
group added. The bK(�x; 0,x) values are augmented, with
respect to static ones, by factors of the order of 5%
and 17%, for x = 0.0239 a.u. and 0.0428 a.u., respectively.
This is also true for SHG at x = 0.0239 a.u., where the
corresponding augmentation is around 16%. At x =
0.0428 a.u., the dispersion effects are found to be larger
(between 66% and 85%) and more dependent of the substi-
tuted isomer type because this frequency is comparable to
the resonance frequency for bvec(�2x;x,x).

In Table 5 we present the first resonance frequencies of
bxxx(�2x;x,x) for the 1-type isomers together with the
static lx and bxxx values. All results listed in this table were
calculated at HF/6-31G+p level using MP2 optimized
geometry. One can observe, from these results, that the rel-
ative position of the absorption peak of bxxx(�2x;x,x) is
slightly red shifted with the incorporation of donor groups
with increasing strengths, regardless the isomeric form of
the azo-enaminones. Similarly to observed for a series of
alkyl derivatives of 4-amino-b-nitrostyrene [14] the energy
shifts are consistent with the increase in lx. For the E iso-
mers, where bxxx gives a significant contribution to bvec and
bK, one can see that these energy shifts are also consistent
with the increase of this component. Additionally, the ener-
gies of the first electronic transition of the 1-type isomers
can be estimated as being twice of x0 quoted in Table 5.
This transition energy represents the resonance frequency
of bxxx(�x; 0,x) and for the compound 1AE [1AZ], for
instance, is estimated to be 0.1420 a.u. [0.1406 a.u.].
Regarding that the first transition can be estimated from
the frontier molecular orbital energies, the energy gap
between the lowest unoccupied molecular orbital (LUMO)
Table 6
MP2/6-31G+p results for dynamic first hyperpolarizabilities (in 10�30 esu) of

Compound Scaling factor x = 0.0239

bK(�x; 0,x)

1AE [1AZ] 2.22 [2.10] 69.57 [53.55]
1BE [1BZ] 2.26 [2.10] 86.11 [56.93]
1CE [1CZ] 2.31 [2.05] 97.87 [55.78]
2AE [2AZ] 1.94 [1.92] 54.82 [41.49]
3AE [3AZ] 2.40 [2.48] 55.08 [42.06]
4AE [4AZ] 2.04 [2.21] 41.88 [29.28]
and the highest occupied molecular orbital (HOMO) are
also quoted in Table 5. There is, therefore, a substantial
discrepancy between the predictions of the first transition
energies and the LUMO–HOMO energy gaps, indicating
that for the azo-enaminone compounds the latter ones rep-
resent only a qualitative estimate of the first electronic
transition.

In order to obtain a first estimation of the electron cor-
relation effects on the first hyperpolarizability we have used
the multiplicative correction scheme. It has been demon-
strated that for donor–acceptor conjugated molecules the
multiplicative approach provides a good estimate of the
correlated frequency-dependent first hyperpolarizability
[18]. The results for correlated dynamic first hyperpolariz-
ability, together with the multiplicative scaling factors,
are listed in Table 6. The scaling factors reveal that the elec-
tron correlation effects lead to substantial increases on the
bvec values. For the compound 1AE [1AZ], in particular, the
increase is of 122% [110%]. These results show the impor-
tance of electron correlation effects in theoretical studies
specially if they are to be used for a rational design of
new molecules with large quadratic NLO properties.

4. Conclusion

This study presents ab initio calculations of static and
dynamic linear polarizabilities and first hyperpolarizabili-
ties of donor–acceptor azo-enaminone isomers. Static and
dynamic properties were determined at the CPHF level
whereas correlated static properties were also calculated
at the MP2 level. Two geometrical isomers have been con-
sidered in order to study effects of isomerization on the
diagonal and off-diagonal components of the first hyperpo-
larizability. Our results show that the impact of the struc-
tural modifications for bxxx is much more relevant than
that observed for bxyy. The diagonal component is strongly
affected by the relative position of the p-conjugated system.
For E isomers, the enhance of bxxx for stronger donor
groups is as consequence of the increase of the donor–
acceptor intramolecular interaction in the direction of the
dipole moment. The results also indicate that dispersion
effects have a marked influence to second harmonic gener-
ation process at x = 0.0428 a.u. because this frequency is
comparable to the resonance frequency for this process.
In addition, comparisons between CPHF and MP2 results
azo-enaminones isomers obtained using the multiplicative procedure

x = 0.0482

bvec(�2x;x,x) bK(�x; 0,x) bvec(�2x;x,x)

77.88 [59.33] 77.26 [59.58] 112.49 [87.80]
95.51 [63.32] 96.01 [63.55] 141.99 [95.42]

108.89 [62.18] 109.47 [62.36] 163.76 [94.51]
61.15 [46.48] 61.56 [46.71] 93.68 [72.73]
60.65 [46.55] 60.86 [46.62] 87.36 [68.25]
46.53 [32.60] 46.74 [32.60] 72.20 [49.28]
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obtained for static first hyperpolarizabilities demonstrate
the importance of the incorporation of electron correlation
effects in order to obtain accurate estimates of quadratic
NLO properties.
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[11] P. Šimůnek, V. Bertolasi, V. Macháček, J. Mol. Struct. 642 (2002) 41.
[12] I. Vencato, S. Cunha, V. Rocha, Z.N. da Rocha, C. Lariucci, Acta
Cryst. E60 (2004) o1704.

[13] T.L. Fonseca, H.C.B. de Oliveira, O.A.V. Amaral, M.A. Castro,
Chem. Phys. Lett. 413 (2005) 356.

[14] V. Keshari, S.P. Karna, N. Prasad, J. Phys. Chem. 97 (1993) 3525.
[15] H. Sekino, R.J. Bartlett, Chem. Phys. Lett. 234 (1995) 87.
[16] F. Aiga, R. Itoh, Chem. Phys. Lett. 251 (1996) 372.
[17] E.K. Dalskov, H.J.Aa. Jensen, J. Oddershede, Mol. Phys. 90 (1997) 3.
[18] D. Jacquemin, B. Champagne, C. Hätting, Chem. Phys. Lett. 319

(2000) 327.
[19] D. Jacquemin, B. Champagne, E.A. Perpéte, J.M. Luis, B. Kirtman,
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