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In this work the static electric properties of azo-enaminones, with special emphasis to the vector
component of the first hyperpolarizabiliy;,.., are determined at the Hartree—FdEl) level with

the electron correlatiofEC) effects included through the second-order Mgller—Plesset perturbation
theory (MP2). The ab initio results, in accordance with previous semiempirical calculations, show
that appropriate choices of substituents to be incorporated to the molecular structure can have a
marked influence on the first hyperpolarizability. An initial study about the changes o8,the
values of these compounds, as a result of the incorporation of different donor groups, indicates that
this property increases as function of the donor group strength tending to a saturated value. A
comparison between our HF and MP2 results, for all compounds studied here, show tBat.the
values are strongly affected by the effects of the electron correlation correcti®200® American
Institute of Physics.[DOI: 10.1063/1.1612474

I. INTRODUCTION jugated system®®22The presence of the azo group plays an
Organic materials that exhibit large nonlinear optical'r.nport"jInt role on the 9pt|ca| activities of the system. Be-
§|des, these azo-enaminone compounds have a planar mo-

(NLO) properties have emerged as an important class . )
electronic materials with interesting characteristics for phociIeCUIar architecture favored by the intramolecular hydrogen

tonic applications2 In the last decade, based on the two bonds 'n_VOIVt'r?g tl\r:f Oazo grou“tﬁ. Tr;e first theor.etlcal stgdy
level model*® several experimental studies have focused atconcerning the properties ol azo-enaminones deriva-
ves was performed by Figueiredo and Kascheres, using the

tention on the question of the understanding and design . o ) .
new chromophores with large quadratic NLO propertie€. AM1 semiemprirical method: Based on these calculations,

Marderet al“*2have showed, for example, that the strengtht"€Y have proposed such compounds as candidates for
of electron donor and acceptor groups, connected to an opecond-order NLO applications. _
ganic m-delocalized framework, should be optimized in or- "€ NLO molecules studied in this work are displayed
der to maximize the first hyperpolarizability. Besides, thel Fig- 1 and Table I. The NLO molecules and 2 were
experimental flexibility of chemical manipulations in the Synthesized from the azolgcoupllng between quinone diazides
synthesis of new organic molecules is a fundamental step ig"d acyclic enamlnonéé': Compounds3 and4 can be ob-
the advance of photonic technology, since new structures ca@ined through the coupling of diazonium salts and enamino-
be synthesized with desired characteristics for specific appli?€S- In particular, compoundswere obtained by one of us.
cations. Then, an important feature in the search and optimMachaek et al?*?? have also synthesized molecules with a
zation of new NLO molecules is the understanding of theSimilar chemical structure. In this work, we presentamn
process by which chemical substitutions affects their firsihitio investigation of the nonlinear optical properties of
hyperpolarizability. On the theoretical side, quantum chemithese new azo-enaminones with appropriate substituents as
cal calculations may also play a crucial role in the design ofvell as some azo-enaminones studied by Figueiredo and
new NLO chromophores as they may provide some guidanclgaschere§9 For the azo-enaminones with electron acceptor
for rational choices of molecular synthesis of new organicgroup (such as the nitro groymttached apara position of
molecules. the phenyl ring, our systematiab initio investigation is
Enaminones are chemical substances that present a capased on the replacement of H of the aminic group by sub-
jugated system of the type N=EC—-C=0 with different  stituents with increasingly donor strength such-aSH; and
geometric form$®* Such compounds are extremely valu- —C(CHs)3. The dipole moment, linear polarizability and
able synthetic intermediates with interesting properties thafirst hyperpolarizability were calculated at HF and MP2 lev-
can be used as agents in preparation of antibactedald els using the analyticdAN) and finite field(FF) approaches.
anticonvulsartf drugs. Nowadays, pharmacological applica-MP2 calculations have demonstrated the importance of in-
tions involving these compounds constitute the object oftlusion of the electron correlation effect in order to obtain
growing interest of researcf!®l” A particular class of accurate estimates for the linear and nonlinear polarizabil-
enaminones are the azo-enaminones which are obtained fties for different organic systenfd=?° Good agreement be-
incorporation of an azo group to the N=C-C=0 con-  tween theoretical and experimental results for NLO proper-
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C.H, O, C.H, O (a) and the vector component of the first hypepolarizability
| | | ” along the dipole moment directigB, . (Refs. 2, 7 are de-
D\N /C%C /CS\M D\ N/02§C CS\M fined by the following equations:
|1 I4 e |1 |4 e (@)= (axtayy+a;)I3 2
H N H N
1&.'I\|ls/ 7o, Tm 18"[\|lg/ 7 and
H\ Ce§ /024 H\ C% /H ﬁvec:Z :8|M|/|M| [i=X,y,z], (3
co e cooXe
C|! CI: (l: (|3 where n is the ground-state dipole moment and wigh
12, L3 12 1 .
Y/ ~cZ "SH Y/ \014/ S\H given by
X X Bi= 20 Biw LI k=xy,2]. (4)
1.2 3.4 The componeng, . defined above is the quantity measured

FIG. 1. Molecular structures of the azo-enaminones studied in this work

(see also Table)l

ties of small molecules through accuratab initio

calculations including electron correlation effects, have also

in electric field induced second harmonic generation
(EFISH) experiments2=34It should be stressed that experi-
mental B, is frequency dependent while in this work only
static values are reported. Another quantity of interest is the

total intrinsic quadratic hyperpolarizability given by

been reported®3! Bror=(Ba+By+ B2 ®)
Note that
II. COMPUTATIONAL DETAILS 8ol B COSO, ©

In presence of a static uniform electric field)(the per-
turbed energy i) of a molecule can be written as

1
E(F):EO_Ei ﬂiFi_E% ajjFiF;

1
_5”2( BijkFiFiFk—", )

where 6 is the angle between the vector formed by ihe
components and the dipole moment vector.

In ab initio polarizability calculations of small molecules
the inclusion of the electron correlation effects may be ac-
complished by a sequence of increasingly sophisticated the-
oretical method$%3! For large organic molecules however,
giving the computational difficulties involved, the treatment
of the electron correlation is usually restricted to the MP2

whereE, is the energy of the molecule in the absence of aneye|, Considering that the MP2 method normally provides a
external electric field ang; are the components of the per- major contribution to the total EC effects it has been used as
manent dipole momenty;; are the components of the dipole e starting point in the discussion of the EC role in calcula-
polarizability; andg;; are the components of the first dipole s involving these molecul@428 Based on MP2 calcula-
hyperpolarizability. Here the average linear polarizabilitytions, Simet al2 reported that the inclusion of EC effects

TABLE |. Labels of the azo-enaminones presented in Fig. 1.

leads to a remarkable increase on tige values for
P-nitroaniline (PNA). More recently, Yanget al?’ showed
that the longitudinal component of the second hyperpolariz-

Substituents ability (y) of centrosymmetric squaraines is very sensitive to
Compounds D X Y EC effects. . . e
Here HF dipole moment and polarizabilities were calcu-

1A H H % lated analytically using the coupled perturbed Hartree—Fock
ig I\H/Ie Hgi g: (CPHB procedure. At the MP2 level, the calculation of these
1D +Bu NO, al properties were performed numerically using the finite field
2A H H H method. Within FF numerical approach, the appropriate
2B H NG, H choice of electric field strengths play a crucial role in the
2C Me NG, H numerical stability of the results as showed by %inal?®in
;2 ;B“ SOZ (H:I the calculation of the first hyperpolarizabilities of PNA. For
3B H NO, al all azo-enaminone compounds, the MP2 properties were ob-
3C Me NO, cl tained from FF calculations using positive and negative field
3D t-Bu NGO, ] strengths in the range of 0.001 a.u. The validity of FF nu-
4A H H H merical procedure employed here was examined at HF level.
jg ,\H/Ie ,':'lgz : For a representative set of azo-enaminones, this examination
D +Bu NO, H showed that the numerical and analytical procedures leads to

equivalent results for the dipole moment and polarizabilities.
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TABLE II. HF and MP2 optimized bond distandm A) values for azo-enaminond® and 1B’ computed with different basis sets.

4B 1B’
HE MP2 HF MP2
6-31G 6-31G 6-31G 6-31G 6-31G 6-31G Expt@
d(N,;C,) 1.326 1.320 1.353 1.333 1.329 1.355 1.314
d(C,Cs) 1.505 1.508 1.519 1.501 1.505 1.519 1.493
d(C,Cy) 1.405 1.404 1.422 1.414 1.393 1.412 1.422
d(C,Cs) 1.465 1.476 1.489 1.482 1.458 1.483 1.451
d(Cs0p) 1.233 1.205 1.274 1.238 1.225 1.259 1.220
d(C,N,) 1.374 1.375 1.401 1.375 1.372 1.393 1.365
d(N;Ng) 1.252 1.237 1.326 1.298 1.247 1.333 1.300
d(N5Co) 1.416 1.415 1.443 1.417 1.416 1.433 1.412
d(CeCy0) 1.395 1.395 1.417 1.405 1.401 1.435 1.392
d(CeCyy) 1.392 1.390 1.414 1.402 1.390 1.416 1.385
d(C1Crr) 1.380 1.378 1.407 1.390 1.386 1.413 1.392
d(C11Cro) 1.381 1.381 1.408 1.392 1.374 1.398 1.382
d(C1,Cra) 1.387 1.386 1.409 1.396 1.379 1.402 1.380
d(C1sCra) 1.385 1.382 1.406 1.392 1.388 1.412 1.387
d(CyNyo) 1.444 1.454 1.489 1.468 1.450 1.473 1.484

®Results obtained from Ref. 18.

The electric properties and geometry optimization calculareoptimization using the 6-32Gbasis set. As observed for
tions, at HF and MP2 levels, were performed using thegther organic systentd;*°the electron correlation effects in-
GAUSSIAN 98" electronic structure package. crease the optimized bond distances in comparison with the
It is also worthwhile stressing that iab initio calcula-  corresponding HF values. Nevertheless, one can observe that
tions the choice of basis set is an as important ingredient agere is a good agreement between our HF/6-31G and MP2/
the inclusion of electron correlation effects. The most cOm.31G results and these experimental data, indicating that the

monly used basis set in calculations involving large organiqyr/6-31G calculations can provide good estimates of the

molecules is the split valence 6-31G basi§2§§f.Theoreti- molecular geometry of these compounds. A similar conclu-
cal studies have showed however, that this set supplementegl , have been drawn by Al al® for heterocyclic pyri-

by the addition of diffuse p and d functions, provides a con-yiniym petaines. Despite the small differences between the
siderable improvement on the estimates of the second hype&'ptimized bond lengths at HF and MP2 levels of calcula-

. . . 7,29,36,37 . .
polarizability of small organic molecular systefts. tions, the geometry of each azo-enaminone compound was

Tsunekawe} and Yamagqéh concluded that for donqr— fully optimized at both levels using the 6-31G basis set. Our
acceptor nitrogen-containing molecules the 6-31G basis s tb initio calculations have also shown that all optimized

plus one additional diffuse p or d functions on the carbon an tructures are planar.

nitrogen atoms leads to qualitative improvements on ghe Comparisons with pure single and double bond results

s i i e w5 s i e 0 7 A
P YCOM_ 4 49 R2141  C_N=1.45 A2140  N_N=1.41 A 2140

paring the results obtained using the 6-31G basis set and mﬁ:N= 1.23 A 2139 show that the bond distances calculated

augmented versions of this set, namely, the 6-83pGand . : .
g Y e here have intermediate values between these single and

6-31G+d basis setgextra p and d functions are added on . .
the heavy atoms Fgllowingljo Tsunekawa and Yamagudhi double bonds. For instance, MPEF) bond distance values
' Ithained with 6-31G basis set for the central part of com-

the choice of the exponents of the p or d functions on eac ) -
heavy atom was determined, at the HF level, by imposing thélo““d 4AB are: A)Nl_ol_l_'353 AA(1'326'&)}’:\) -Gy
maximization of theB,.. value. This criterion is justifiable =1.422 A(1.405 A, C,~N;=1.401 A(1.374 A, N;—Ng

because the use of relatively small basis sets tends to unde:r-l'326 A(1.252 A. These results confirm the existence of

estimate the values of the calculated properties an extensive conjugation throughout the molecule leading to
an increase of the mobility of the-electrons which in turn

can have a beneficial effect on the increase of the first hy-
Il RESULTS AND DISCUSSION perpolarizability. Results obtained, but not listed here, show
Table Il shows optimized bond distances for moleculethat even the incorporation of strong donor groups at the
4B obtained with the 6-31G and 6-3t@asis sets at HF and aminic nitrogen (N) (such as in compounds andD) prac-
MP?2 levels. The calculated values at HF and MP2 levels fotically does not affect the geometry of these compounds. In
the azo-enaminon&B’ (molecule obtained fromB by sub-  azo-enaminones with a chlorine atom and a nitro group at-
stitution of —CH; by —OCH,CHj3) using the 6-31G basis tached at the phenyl ringuch as in compoundsB, 1C, 1D,
set are also included together with the experimental value8B, 3C, and3D) the spatial interaction leads to a rotation of
determined by x-ray diffractiolf The results obtained indi- the nitro group. For these compounds, the MP2/6-31G and
cate that the bond distances are only slightly modified afteHF/6-31G dihedral angles between the nitro group and the



8420 J. Chem. Phys., Vol. 119, No. 16, 22 October 2003 de Oliveira et al.

TABLE lil. HF and MP2 optimized hydrogen bond parameters for azo-enamintBesd 1B’ computed with different basis sets. The bonds are in A and
angles in degree.

4B 1B’
HF MP2 HF MP2
6-31G 6-31G 6-31G 6-31G 6-31G 6-31G Expt?
d(N;Hs) 1.000 0.999 1.031 1.030 0.998 1.028 0.940
d(NgHse) 1.885 1.922 1.794 1.776 1.951 1.854 1.917
d(N;Ng) 2.626 2.639 2.602 2.579 2.679 2.648 2.584
/ NiH;eNg 128.40 126.26 132.27 131.53 127.57 131.38 126.00
d(N;Ha,) - - - - 1.942 1.782 1.887
d(H3,0,0) - - - - 0.962 1.008 0.920
d(N;0,,) - - - - 2.647 2.611 2.568
£ NyH3:05, - - - - 128.32 137.07 129.00

®Results obtained from Ref. 18.

phenyl ring have values around 50° and 36°, respectivelyexponent of p extra function on chlorine atomZjs=0.02.
Such values are not affected by incorporation of the donoBasically, the addition of a diffuse function leads to a sys-
groups. tematic increase on each calculated property, at the HF and

In agcogdance with Pf;?ViOUS x-ray  structural \p2 |evels. As can be seen the addition of p diffuse func-
determinatio and AM1 results? both HF and MP2 opti-  tions has almost no impact on the estimates and only a

mized geometries show that the azo-enaminohend 2 1inor effect on the linear polarizabilit@an increase in the

have two intramolecular hydrogen bonds. This is expecteqange of 10% Our results for the first hyperpolarizability

because the molecules are planar and the OHtissto : :
reveal a slightly larger dependence on the basis set. The use
Cy—C;1. The MP2 and HF hydrogen bond parameters for ghtly 'arg P

o . ) of the 6-31Gr p basis set increases tjgg,. values, as com-
the compoundgB and1B', including the corresponding ex pared with those obtained with the 6-31G basis set, by an

gz;:gg;takl);ﬂ/ l:;sn, ?r:?a pr:)e/;fon szg IB (;I;ijblz elllrlelx ri\]lg,:gr;hitf c;;n rT;%1_mount which varies between 11% to 22%. HF results for
pound 1B’ with the corresponding experimental data ShOWcompoundsA constitute exceptions to this behavior probably

discrepancies in the range of 0.1 A. In contrast with theBS @ consequence of the §ma|| magnitudes of for t_hese
results for compoundd and 2, the central part of azo- COMPounds. It can be noticed that the 6-31( basis set
enaminoness and 4 have just one intramolecular hydrogen 91V€S results that are almost identical to those obtained using
bond. For these compounds, planarity is favored by the inthe 6-31Gtd basis set, indicating that the addition of one p
tramolecular hydrogen bond. or one d diffuse function have an equivalent impact on the
Table IV shows HF and MP2 results for the dipole mo-improvement of the calculated properties for these NLO
ment, linear polarizability and first hyperpolarizability of molecules. A similar conclusion, with respect to basis set
azo-enaminoned, obtained using the 6-31G, 6-3%® and effects, for donor—acceptor nitrogen-containing molecules,
6-31G+d basis sets. The exponents that maximizeggthe ~ Was reported by Tsunekawa and Yamagdthi.
values when p and d extra functions are added on heavy Inorder to assess the importance of the EC effects on the
atoms are:{,=0.03 and {4=0.03 on carbon atoms, calculation of these properties one can start with a first esti-
=0.04 and{4=0.09 on nitrogen atoms{,=0.07 and{y4 mate, obtained using the HF equilibrium geometry as the
=0.09 on the oxygen atom. For the compouddmd3, the  fixed geometry in a MP2 calculation. This contribution has

TABLE IV. HF and MP2 dipole momentin D), linear polarizability(in 1072* esu) and first hyperpolarizabilitiin 10~ esu) values for compounds
computed using different basis sets.

123 (@) Buec

6-31G 6-31G-p 6-31G+d 6-31G 6-31G-p 6-31G+d 6-31G 6-31G-p 6-31G+d
HF level
4A 3.97 4.03 4.00 20.58 22.69 22.96 0.13 —-0.62 -0.19
4B 7.20 7.29 7.16 23.85 26.04 26.59 17.75 19.80 19.04
4C 8.11 8.30 8.13 25.86 28.05 28.62 18.36 21.32 20.12
4D 8.68 8.87 8.77 30.48 32.89 33.45 18.42 21.29 20.58
MP2 level
4A 3.96 4.09 4.02 23.18 26.18 26.45 -3.13 —4.23 —3.69
4B 5.95 6.22 6.09 27.61 31.01 31.60 43.39 51.12 49.46
4C 7.00 7.14 7.31 30.27 33.71 34.33 44.54 54.15 51.19

4D 7.49 7.94 7.90 35.29 39.13 39.71 43.80 53.29 51.51
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TABLE V. HF and MP2x (in D) values for azo-enaminones computed TABLE VI. HF and MP2 () (in 10 ?* esu) values for azo-enaminones

using different basis sets. computed using different basis sets.
HF MP2 HF MP2
Compounds  6-31G 6-34-p 6-31G¢  6-31G 6-34-p Compounds  6-31G 6-3kp 6-31G¢  6-31G 6-3%p
1A 3.03 3.34 3.43 3.79 3.87 1A 22.80 24.78 24.17 26.12 29.06
1B 8.80 8.84 7.67 8.07 8.28 1B 25.63 27.81 27.21 29.43 32.80
1C 9.60 9.72 8.55 9.02 9.41 1C 27.68 29.84 29.65 32.02 35.37
1D 10.15 10.30 9.10 9.53 9.95 1D 32.24 34.63 34.46 36.93 40.66
2A 5.20 5.25 4.79 5.06 5.23 2A 21.11 23.18 22.35 24.17 27.19
2B 8.62 8.70 7.46 7.87 8.17 2B 24.23 26.39 25.70 28.18 31.58
2C 9.46 9.63 8.38 8.87 9.35 2C 26.31 28.45 28.19 30.92 34.34
2D 10.04 10.25 8.95 9.40 9.91 2D 30.92 33.28 33.06 35.93 39.72
3A 1.63 1.66 1.99 1.95 2.02 3A 22.21 24.25 23.40 25.04 27.99
3B 7.59 7.60 6.23 6.15 6.32 3B 25.21 27.44 26.86 28.59 31.95
3C 8.40 8.49 7.16 7.09 7.42 3C 27.28 29.49 29.38 31.24 34.62
3D 8.93 9.06 7.72 7.55 7.90 3D 31.86 34.30 34.23 36.18 39.99
4A 3.97 4.03 3.94 3.96 4.09 4A 20.58 22.69 21.66 23.18 26.18
4B 7.20 7.29 5.95 5.95 6.22 4B 23.85 26.04 25.46 27.61 31.01
4Cc 8.11 8.30 6.97 7.00 7.14 4C 25.86 28.05 27.88 30.27 33.71
4D 8.68 8.87 7.54 7.49 7.94 4D 30.48 32.89 32.78 35.29 39.13
PNA 8.21 8.54 7.06 7.05 7.35 PNA 11.28 13.49 11.89 12.64 14.83
8Results obtained with HF geometry. 8Results obtained with HF geometry.

been defined as the direct effect of the electron (_:orrel%f’tion B,ec values. In particular, for compounds, 4C, and4D the
which is mostly related to changes in the electronic structure

Anoth f the EC eff hich i il ated overall EC effect increases thg,.. values by factors of,
n_ot er part o t € efiect, which Is mainly related to respectively, 144%, 143% and 138%. These figures leave no
shifts in the equilibrium geometry,

imized ibri 2 1S oll\o/ltggedlus:ng the_m_)zdoubt about the importance of EC effects in theoretical stud-
optimized equilibrium geometry in a calculation. This ;o q specially if these results is meant to provide indications

is defined as the _indifect effect of eIeptrqn correlation._Thefor molecular synthesis of new NLO molecules.

overgll EC effect is given as a combination of both, direct order to analyze the changes on the optical properties
and |nd|rect', effectg. Tables V—VII show the H.F and I\/lpzof these azo-enaminone compounds as a result of the incor-
results obtained using the 6-31G and 6-31basis sets for poration of the nitro group and other strong donor groups, we

the dipole moment, linear polarizability and first hyperpolar-¢ . .« 5.+ attention on the 6-31@ results. One can ob-
izability for the azo-enaminoneks 2, 3, and4. We have also '

of PNA. In this section 'Fhe dispussion will be focu_sed on th_eand MP2 levels, for the sequende B, C, and D, show a
6-31G results. Comparlsc_)n with the HF results displayed 'rEystematic increase which is consistent with the incorpora-
Table V show that exception made to the compouthdisand

3A, for all other compounds the direct EC effects diminishes

the u values by at most 18%. In particular, for chromophoresTABLE ViI. HF and MP2 3, values(in 10~%° esu) for azo-enaminones
4B, 4C, and4D, the factors of reduction obtained by MP2// computed using different basis sets.

HF/HF//HF ratios are, respectively, 17%, 14% and 13%. The
indirect effect onu, given by MP2//MP2/MP2//HF, is less
important: reachingt 6% for compound4 and2 and being ~ Compounds  6-31G ~ 6-3kp  6-31G  6-31G  6-3kp

HF MP2

neglegiable for compound3 and 4. The inclusion of EC 1A 203 2.49 5.47 5.49 5.49
leads to systematic increases on @ values(see Table 1B 12.75 13.76 22.94 24.99 27.86
VI). Each effect, direct and indirect, increase the calculated 1C 13.46 15.22 23.93 22.83 27.01

1D 13.36 14.94 23.34 20.67 24.45

values by an amount which varies between 5 and 10%. The

X o 2A -043 —-133 086 —0.06 —1.07
results presented in Ta_lble VII show t.hat Fhe pontrlbutlon of 2B 14.29 15.49 24.29 33.21 38.65
the EC effects to the first hyperpolarizability is much more 2C 15.07 17.15 2593 34.31 41.69
important than that observed for the linear polarizability. For 2D 14.97 16.89 25.68 33.10 40.28
these compounds, a remarkable increase on the correlated 3A 3.08 3.80 5.99 6.82 5.94
B,ec Values arises from the changes in the electronic struc- 3B 16.69 18.23 33.46 85.90 40.11
ture. Exception made to compoundg, 2A, and 4A, the 3c 1767 20.06 .14 34.70 4032
Ire. p : ( pounds, 2A, and 4A, 1 3D 17.84 20.08 3476 32.82 38.12

direct EC effect gives rise to an increase which varies be- 4 013  —-062 ~097 -313 —4.23
tween 70 and 100%. For compoun2ls&ind 4, which do not 4B 17.75 19.80 32.52 43.39 51.12
include the Cl atom, the indirect EC effect also increases the  4C 18.36 21.32 34.15 44.54 54.15
Boec Values by an amount around 30%. For compouhds 4D 1842 2129 3423 4380 5329
PNA 9.01 12.24 16.22 20.24 25.15

and 3, which contain the Cl atom, the indirect EC effect is
less important leading in some cases to a diminution of théResults obtained with HF geometry.
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tion of each one of the different substituents. Yaetcal?’ s rotated. Although the planarity of the molecule as a whole
have observed a similar trend for thevalues of centrosym- is not perturbed, this spatial interaction reduce the charge
metric squaraines. Looking at Table V one can see that thgansfer between the donor group and the nitro group lead-
MP2 (HF) 4B/4A ratios show that the incorporation of the ing, consequently, to the observed decrease orBthgval-
nitro group increases the values by 52%481%), while for ~ ues of the compound8. It should also be noted that the
4C/4B and for4D/4C ratios the increase are, respectively, of absence of a Cl atom have only a minor impact on ghe
the order of 15%414%) and 11%(7%). Since the compounds values for compoundB, C, andD.

A have no nitro group attached at the phenyl ring, they As regards the presence of the OH group bonded at the
present the smallest results far As regards the results for phenyl ring our results show a reduction of the push-pull
Boec (see Table VI, it is worthwhile noticing that a previous intensity throughout the backbone of the molecules, which
study*® have shown thafp-nitro azo-enaminones possess results in a diminution of th@, .. values of compounda in
much larger, .. values than the corresponding values forcomparison with the results for compoundisFor instance,
the compoundsA. Confirming this finding, our results for MP2 and(HF) 2B/4B, 2C/4C, and 2D/4D ratios show that
B,ec Obtained at the HF level changes fron0.62 esu for the B, decrease with the inclusion of the OH group, re-
4A to 19.80 esu fodB while at the MP2 level the corre- spectively, by 24%22%), 23% (20%) and 24%(21%). Dif-
sponding change goes from4.23 to 51.12 esu. The MP2 ferently, the inclusion of this group increase the dipole mo-
(HF) ratios for4C/4B reveal an increase of 6¥8%) while ~ ment values by factors of, respectively, 31%9%), 31%
those for4D/4AC are practically equal to one. These results(16%) and 25%(16%). These latter results lead to the con-
show that within the family of compoundsthe evolution of ~ clusion that the dipole—dipole electrostatic interaction is
the B, ratio, as function of the incorporation of stronger weaker for the compound$ an aspect that should be taken
donor groups, indicates a clear saturation trend. A similainto account in the design of macroscopic structures with
conclusion is also verified for moleculds 2 and 3. This  NLO optical propertie$?

behavior is also observed for donor—acceptor polyene sys-

tems, for which experimental measures have shown that th¢/- CONCLUSION

incorporation of increasingly stronger acceptors does not |n this paper the dipole moment, linear polarizability and
necessarily increase the first hyperpolarizabffty. first hyperpolarizability of azo-enaminones are systemati-
We haVe a|SO inVeStigated the SubStitution effects of th%a”y investigated at the HF and MP2 |eve|s_ Specia' empha-
nitro group at theortho and metapositions on the first hy-  sjs is given to the calculation and analysis of the first hyper-
perpolarizability of azo-enaminondB. Our MP2/6-31G  polarizability. As expected, inclusion of electron correlation
Buec (Biod results for thep-nitro, theo-nitro and them-nitro  effects plays a major role on the calculation of hg.. The
azo-enaminone are, respectively, 43Q® *° (58.60 calculated results for the-nitro azo-enaminones studied
X107 esu, 5.7X10 % (27.66<10 *°) esu and 20.75 here show that enhance8l,.. values can be obtained by
X107% (31.66<10° %) esu. These results show that both appropriate choices of the substituents. Our results also indi-
o-nitro and m-nitro substitutions changes the electron-cate that the incorporation of increasing donor strength
withdrawing ability of the nitro group, leading to a marked groups leads to a saturation 8f... They also show that a
diminution of the g, values. Note that these substitutions Cl atom and OH group attached at the phenyl ring reduces
decrease of thg,,; values and, at the same time, increase thehe push-pull intensity throughout the molecule, decreasing
¢ angle. It should be stressed that for tbenitro azo- the first hyperpolarizability. On the experimental side, the
enaminone the angle between the vector formed byghe 4-type compounds, synthesized by coupling of diazonium
components and the dipole moment vector is 78°, which isalts, are more flexible with respect to desired structural
very large as compared with the angles for the and  modifications than th&, 2-type compounds, which are syn-
m-nitro azo-enaminones. thesized by quinone diazide route. Considering this feature
Our results show, in addition, that different functional and the enhancefl, . values estimated in this work, it is our
groups bonded to phenyl ring does not have a beneficiabelief that thed-type compounds studied here may open new
effect on the first hyperpolarizability. The influence of a possibilities in the design process of new NLO chro-
chlorine atom or an OH group on the properties of4iigpe  mophores based on azo-enaminone compounds for use in
compounds can be estimated, respectively, by comparisorapplications of nonlinear optics.
between the results for the azo-enaminoBesd4 and be-
tween the azo-enaminon&and 4. As can be seen from ACKNOWLEDGMENTS
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