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Theoretical Investigation of the Second-Order Nonlinear Optical Properties
of Helical Pyridine–Pyrimidine Oligomers
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Introduction

The design of molecular and supramolecular systems for ap-
plication in nonlinear optical (NLO) devices has been en-
riched over the last decades by the synthesis and characteri-
zation of helical (chiral) structures.[1] Helices are in fact
present in many fields of research ranging from the genetic
encoding in biomacromolecules[2] to the enhancement of
electrical conductivity in materials science.[3] Various possi-
bilities exist for obtaining molecules with a helical confor-
mation,[4] from the synthesis of rigid molecules in which the
minimization of steric strains leads to helix formation, to
flexible molecules adopting a helical conformation as a
result of stabilizing intramolecular noncovalent interactions,
to the formation of supramolecular aggregates with a helical
superstructure.[5] Moreover, helical–linear strand transitions,

associated with local conformational modifications induced
by internal (chain length) or external stimuli (recognition of
ions, pH), have been studied to gain a better understanding
of biopolymers[6,7] as well as in view of designing supra-
molecular catalysts.[8] In many cases, structures found in
nature constitute the source of inspiration for the elabora-
tion of new artificial architectures with targeted properties.
The design of nonbiological structures often relies on the
molecular self-organization of superstructures[9] and focuses
principally on applications in nanotechnology, optics, and
electronics.[10–12] Among these systems, conjugated helical
molecules composed of ortho-fused aromatic rings, called
(homo- or hetero-) helicenes, have been extensively studied,
both experimentally[13–18] and theoretically.[19–21] In particular,
strategies have been proposed to enhance their second-
order NLO responses. Chiral induction and amplification
mechanisms have also been studied in a variety of (helical)
polymers bearing chiral groups[22] as well as in chiral colum-
nar stacks of C3-symmetry molecules.[23]

Starting from the principle that 2,2’-bipyridine adopts an
s-trans conformation, Lehn and co-workers proposed several
helical structures based on heterocycles,[24–29] including pyri-
dine–pyridazine, pyridine–naphtyridine, and pyridine–pyri-
midine units, which can be considered as coiled molecular
wires of nanometric size, possessing electron-acceptor prop-
erties associated with the nature of their subunits and sub-
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stituents. For some of these species, the helical structure
changes to accommodate the complexation of ions into coils
or double helices. Moreover, their self-organization into
helices provides a way of positioning peripheral substituents
in well-defined spatial arrangements relative to one anoth-
er,[24] a condition for achieving substantial macroscopic
second-order NLO responses. Indeed, without a structuring
strength, the efficient push–pull p-conjugated systems tend
to pack in a centrosymmetric way, giving rise to vanishing
macroscopic second-order NLO responses. Like hydrogen
bonding,[30] the formation of supramolecular structures ap-
pears to be a promising way of maximizing the second-order
NLO responses. This is the aspect we address in the present
paper by carrying out a theoretical investigation of the NLO
properties of pyridine–pyrimidine oligomers (Scheme 1). In
particular, their second-order NLO responses are evaluated
and analyzed as a function of the size of the helix as well as
of the nature, concentration, and relative positions of the
substituents. First we investigate the intrinsic NLO proper-
ties of pyridine–pyrimidine helices. Then we address the ef-
fects of substitutions by donor and acceptor groups. The
next section describes the main theoretical and computa-

tional aspects, with the results and discussions given in the
later sections.

Computational Methods

Geometry optimizations were performed either using molecular mechan-
ics (MM) within standard force fields (MM2*,[31] MM3*,[32] AMBER*[33]

and OPLS-AA[34] available in the MacroModel suite[35]) or quantum me-
chanics within the semiempirical AM1,[36] PM3,[37] and PM5[38] Hamiltoni-
ans.

The first hyperpolarizability (b) tensor—defined by using the Taylor
series expansion of the field-dependent dipole moment—was evaluated
at the time-dependent Hartree-Fock (TDHF) level[39] by using the AM1
Hamiltonian. This approximation was demonstrated in a series of
works[40–42] to be a good choice combining both the quality of the results
and the sparing of computational resources for the investigation of NLO
responses in medium- and large-size systems. Two second-order NLO re-
sponses, derived from specific sums of the first hyperpolarizability tensor
components, were investigated in the present work. The first one corre-
sponds to the projection of the vector part of b on the dipole moment
vector, as shown in Equation (1), in which j jm j j is the norm of the
dipole moment and mi and bi are the components of the m and b vectors.
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The second property is related to the hyper-Rayleigh scattering intensity
for plane-polarized incident light and observation made perpendicular to
the propagation plane, [Eq. (2)], with the associated depolarization ratio
(DR) given by Equation (3). Full expressions for hb2

ZZZi and hb2
XZZi with-

out assuming KleinmanKs conditions can be found in reference [43]; these
correspond to an orientational average of the b tensor components,
which contrary to the sums of Equation (1) contains bijk components in
which i, j, and k are all different.
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The MacroModel program[44] was employed for the structure optimiza-
tions while the hyperpolarizabilities were calculated using the MOPAC
2000[45] program. A typical wavelength of 1064 nm was adopted in all b
calculations.

Results and Discussion

Geometrical structures of the pyridine–pyrimidine helices :
The first objective of this work is the validation of a method
for optimizing the geometry of the pyridine–pyrimidine
strands. This is accomplished by comparing optimized struc-
tures obtained at different levels of approximation with the
crystal structure of the compound with n=8 and R=H
taken from reference [24]. Its unit cell contains two mole-
cules but only one enantiomeric form, in which the helix
makes three turns. The torsion angle between consecutive
pyridine–pyrimidine rings lies within 11�38, the helical

Scheme 1. Extended, linear structure (top) and helical winding (bottom,
R=R’=H and n=4) of the pyridine–pyrimidine strands. The distance
between the extremities, referred to as the length and the distance be-
tween two successive turns, abusively called the pitch, are also defined.
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pitch is 3.63 L, and the interior void has a diameter of 2 L.
The last parameter is obtained by projecting the atoms onto
a basal plane, while taking into account the van der Waals
radii of diagonally located N and C�H sites. This structure
is represented in Figure 1.

Table 1 reports the most representative geometrical fea-
tures of the n=8 (R=H) compound as optimized with the
different theoretical approaches in comparison with experi-

mental data. All structures optimized within MM are very
similar to the crystal structure (Figure 1), with the total su-
perposition rate—estimated by evaluating the root-mean-
square difference between the Cartesian coordinates—rang-
ing from 0.002 L (OPLS-AA) to 0.378 L (MM2*). The
structure optimized at the MM/OPLS-AA level is displayed
in Figure 2A. Three pyridine–pyrimidine units make slightly
more than one helical turn so that the structure does not ex-
actly exhibit C3 symmetry. A similar situation was found for
the helicenes and heliphenes, with a noticeable difference
for the (approximate) number of units per helical turn:
three for the pyridine–pyrimidine oligomers, but six for the
helicenes and heliphenes[19] although the number of aromat-
ic rings is similar. Further information about the relationship
between the chemical motif and the number of units per
helical turn can be found in the works by Huc and collabo-
rators.[6]

When semiempirical schemes are used for geometry opti-
mization, several differences occur including 1) larger helical
pitches and, therefore, more extended chains; 2) an increase
in the torsion angles by about a factor of 3; and 3) the lack
of regularity of the helical shape, which translates into the
alternation of inter-ring torsion angles: one negative
(�32.5�28) followed by two positive (33.8�98) angles. This
is illustrated in Figure 2B for the case of an optimization
adopting the PM3 Hamiltonian. Although there are no sig-
nificant differences between the semiempirical Hamiltoni-
ans, the structural parameters obtained with the most recent
PM5 parameterization are intermediate between the PM3
and AM1 approaches. DFT calculations perform only slight-
ly better than the semiempirical schemes, providing poorer
structural parameters than the MM schemes.[46]

Interestingly, by using semiempirical Hamiltonians, anoth-
er stable structure was also determined. As shown in Fig-
ure 2C for an AM1 Hamiltonian, this structure, referred to
as the bis-structure, is much more extended and only 2.5
pyridine–pyrimidine units are necessary to make a full heli-
cal turn. At the AM1 level, this bis-structure is only
1.3 kJmol�1 higher in energy than the more compact one,
whereas when the PM3 and PM5 Hamiltonians are used,
this difference increases to 5.4 kJmol�1. In view of all these
findings the MM/OPLS-AA level appears to be the most
suitable method for the geometry optimization of pyridine–
pyrimidine oligomers, and subsequently this method was
adopted for the whole investigation. Nevertheless, using
other MM schemes for geometry optimizations would affect
slightly the bHRS values, but not the qualitative trends as ex-
emplified by the 12–17% variation of bHRS when going from
the OPLS-AA to the MM3* or AMBER* structures.

Nonlinear optical properties of pyridine–pyrimidine oligom-
ers : The second-order NLO responses have been calculated
for increasingly large (non-substituted, R, R’=H) pyridine–
pyrimidine oligomers. Figure 3 sketches the evolution of the
coherent (bk) and incoherent (bHRS) second-order NLO re-
sponses in comparison with the norm of the dipole moment
(j jm j j ) for n ranging from 3 to 28. The evolution of j jm j j
and bk exhibit some regularity, which is better evidenced by
distinguishing three sets of chains as a function of the
number of units: 3m, 3m+1, and 3m+2 units (Figure 4).
This quasi-order-3 periodicity finds its origin in the geomet-
rical structure, displaying an axis almost of order 3. In addi-
tion to these rapid variations of j jm j j and bk with n,
Figure 4 enables the observation that the smooth variations
of properties for the three subsets of systems also exhibit a
periodic-like behavior, albeit of large period.

These two periodicities, and in particular the variation
having the largest period, are further exemplified by consid-
ering the radial angle formed by the helix extremities. To
determine this angle, the geometrical structure is first pro-
jected on the plane perpendicular to the helical axis and
then the radial displacement of one extremity ring with re-
spect to the other is measured. Figure 5 demonstrates that
the three series of points can be placed side by side to re-

Figure 1. Side and top views of the helical pyridine–pyrimidine oligomer
(n=8) taken from reference [24].

Table 1. Comparison between calculated and experimental structural pa-
rameters of the pyridine–pyrimidine oligomers containing eight units for
different levels of approximation.

Method of
calculation

Pitch [L] Mean torsion
angle [8]

length [L]

MM/MM2* 3.74 9.31 12.09
MM/MM3* 3.74 8.53 13.05
MM/AMBER* 3.55 8.27 12.75
MM/OPLS-AA 3.76 8.90 12.59
PM3 5.30 11.70 14.66
AM1 5.64 12.86 15.31
PM5 5.59 12.19 14.86
AM1 (bis) 11.15 42.00 42.02
experiment (crystal) 3.63 8.64 12.65
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construct a unique variation of the radial displacement from
0 to 2p, defining therefore a period of about 75/3 units.
Thus, the radial displacement of a 3m helix containing x+25
(x+50) units (with x an integer) is similar to the radial dis-
placement of a 3m+1 (3m+2) helix with x units. Hence, the
same correspondence between the 3m, 3m+1, and 3m+2
helices occurs for the NLO properties.

So, in the (small) chains containing 3m�1 units the helices
are made of full turns, which can be associated with a re-
duced radial asymmetry and therefore to a small dipole
moment. Of course, this has to be taken with some scepti-

cism, first because three units
make slightly more than one
helical turn and second because
of the presence of the chain ex-
tremities: at one extremity
there is an additional pyridine
ring, whereas at the other, the
pyridine–pyrimidine unit is re-
placed by a bipyridine moiety.
Then the evolution of bk is not
exactly in phase with the varia-
tion in the dipole moment.
Indeed, up to n=9, the smallest
bk values correspond to chains
containing 3m units, while
beyond n=9 the smallest bk
values are obtained for the
3m+2 subset. This is associated
with the change of sign of the
3m+2 bk values between n=8
and n=11. In turn, this change
of sign finds its origin in the
evolution of the dipole moment
with the helix size (Figure 4),
which decreases for n<10 and
increases otherwise, going from
a situation in which the m and b

vectors are parallel to a situa-
tion in which they are antiparal-
lel. Moreover, for extended sys-
tems (n>9), the largest dipole
moment amplitudes are gener-
ally displayed by the chains
with 3m units, whereas the
chains with 3m+1 units present,
in most cases, the largest bk .
Based on Figures 4 and 5, one
can expect similar behaviors in
longer helices, besides the fact
that, with a period of about 25,
the three subsets of chains in-
terchange. The relation be-
tween j jm j j and bk is therefore
more complex than in helicenes
and heliphenes, in which they
evolve in-phase and out-of-

phase, respectively.[20] Moreover, as for the latter systems,
the first hyperpolarizability of pyridine–pyrimidine oligom-
ers is mostly radial.

The behavior of bHRS with chain length is different; the
variations also follow a regular pattern, characterized by a
unique periodicity of about 25 units, substantiating the fact
that the main impact of the periodicity of order three con-
cerns the relative orientation of the vectorial quantities, and
therefore bk . bHRS attains a maximum for n=8 and a mini-
mum for n=21. Thus, the system characterized in refer-
ence [24] presents the optimal size for maximizing bHRS. For

Figure 2. Side (top) and top (bottom) views of structures optimized at different levels of approximation.
A) MM/OPLS-AA, B) PM3, and C) AM1 (bis-structure).
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chains containing fewer than 19 units, the DR is almost con-
stant and is close to 1.5, the value characterizing octupolar
systems (Figure 6). For n=22, DR is equal to 5.75, which is

typical of dipolar chromophores. This size corresponds to
the seven-turn helix presenting the smallest bHRS and b

tensor components, although also the largest ACHTUNGTRENNUNG j jm j j values,
so that a (residual) dipolar NLO character seems to be asso-
ciated with a structural octupolar character.

Substitution effects on the structural and NLO properties of
pyridine–pyrimidine oligomers : Since the first hyperpolariz-
ability values of the helices with R=R’=H remain small
and do not show an ad hoc size dependence in order to lead
to substantially larger NLO responses in longer chains, in a
second step the effects of substituting the pyridine–pyrimi-
dine helices on bHRS have been investigated. As justified
later, donor or acceptor groups (R) were placed on the pyri-
midine rings, leaving the pyridine rings nonsubstituted. In
addition to cases in which all the pyrimidine rings are substi-

Figure 3. Evolution of bHRS, bk (in au, 1.0 au of b=3.6213P10�42 m4V�1=

3.206361P10�53 C3m3J�2=8.6392P10�33 esu), and j jm j j (in DP500) as a
function of the number of pyridine–pyrimidine units.

Figure 4. Evidence of the three-unit periodicity of the evolution of bk
(top, in au) and j jm j j (bottom, in D) with the helix size.

Figure 5. Evolution with the length of the chain of the radial displace-
ment (a, in degrees) between the terminal rings of the helix.

Figure 6. Depolarization ratio as a function of the number of pyridine–
pyrimidine units with and without aniline substituents on the pyrimidine
rings.
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tuted, partial although regular substitution patterns have
also been considered (Figure 7). Full substitution (3/3) gives
rise to an octupolar-like structure, such as in crystal violet.[47]

This octupolar-like structure remains when every other sub-
stituent is removed (substitution rate of 1/2). To get all sub-
stituents on the same side of the helix, every third site has
to be substituted (substitution rate of 1/3). In this structure
the donor/acceptor axes of the substituents are almost
aligned so that the dipolar character of the structure is maxi-
mized. Finally, the 2/3 substitution rate leads to a supra-
molecular L-shape lateral packing of the chromo-
phores.[48–49]

Geometry optimizations carried out at the MM/OPLS-
AA level of approximation show that the variation of the
radial displacements in the 3m, 3m+1, and 3m+2 series are
smaller than in the case of the nonsubstituted helices.
Indeed, by going from 3 to 27 units, the radial displacement
goes from 1858 to 1098, with a periodicity of about 38 units.
The main geometrical parameters of these structures are
listed in Table 2. Substitutions by mesomeric donor groups
(OMe and NH2) lead to a decrease of the torsion angle by
0.2–0.58, whereas the opposite is found for acceptor groups
(CHO and NO2). Other geometrical variations are small
and less systematic.

To determine the preferential sites for substitution with
donor or acceptor groups, preliminary investigations were
carried out on the substitution effects for the pyridine and
pyrimidine molecules (Table 3). For both rings, adding a
donor (NH2, OMe) provides larger bHRS values than adding

an acceptor, as expected from the electro-attracting charac-
ter of the rings. Indeed, for comparison, in the case of mon-
osubstituted benzenes, the ordering of the b magnitude is
NO2>NH2>CHO>OMe.[50] Following previous investiga-
tions,[40] the b magnitudes were compared to the amplitudes
of the intramolecular charge transfer (CT) evaluated using
the AM1 Hamiltonian within the Coulson population analy-
sis. However, no clear relationship with the amplitude of the
intramolecular CT, evaluated as the sum of the atomic
charges of the substituents, was observed for the electronic
ground state. This is probably a consequence of the competi-
tion between inductive and mesomeric effects, both impor-
tant for the intramolecular CT amplitude, whereas b is
mostly dominated by mesomeric effects. Moreover, for
strong donors and acceptors, it is advantageous to substitute
the pyrimidine rather than the pyridine ring. The amplitude
of the bHRS(pyrimidine�R)/bHRS(pyridine�R) ratio ranges
from 0.33 (CHO) to 5.76 (NO2). This stronger attracting
character of the pyrimidine ring can be related to the posi-
tion of substitution. Indeed, the substituted site is close to
the nitrogen atoms of the pyrimidine, whereas it is on the
opposite side of the ring in the case of pyridine substitution
(Scheme 1).

The first hyperpolarizabilities were calculated for the n=
10 oligomer bearing substituents on the pyrimidine rings
(Table 3). The results are rationalized as a function of the

Table 2. Structural parameters optimized at the MM/OPLS-AA level for
oligomers containing ten units and different substituents on the pyrimi-
dine rings. For the definition of the pitch and the length, see Scheme 1.

R Pitch [L] Mean torsion angle [8] Length [L]

H 3.76 9.0 14.18
CHO 3.84 9.8 13.85
NO2 3.81 9.9 13.79
OMe 3.83 8.7 14.45
NH2 3.74 8.4 14.49
Ph�NO2 3.73 8.2 15.20
Ph�NH2 3.77 8.8 14.40
Ph�NH2 (2/3) 3.74 9.0 14.32
Ph�NH2 (1/2) 3.74 9.2 14.09
Ph�NH2 (1/3) 3.75 9.1 14.16

Table 3. Substituent effects on bHRS (au) for pyridine and pyrimidine as
well as for the pyridine–pyrimidine oligomers containing ten units and
substituents on the pyrimidine ring. The resulting intramolecular charge
transfers (CT) between the substituents and the rings are also given [Q=

Q(R) in au]. The quantities in parentheses determine the impact of the
helical structure on the b per pyrimidine ring and are given by
ACHTUNGTRENNUNGb ACHTUNGTRENNUNG(n=10)/ ACHTUNGTRENNUNG[12Pb(pyrimidine–R)].

R H CHO NO2 OMe NH2

bHRS (pyridine-R) 22 85 29 122 288
CT Q(pyridine-R) 0.14 0.04 -0.13 -0.02 0.05

bHRS (pyrimidine-R) 15 28 167 192 360
CT Q(pyrimidine-R) 0.19 0.13 -0.03 0.04 0.12

bHRS (n=10, pyrimi-
dine-R)

846
(4.70)

608
(1.81)

1021
(0.51)

990
(0.43)

1653
(0.38)

Figure 7. Top views of structures optimized at the MM/OPLS-AA level
as a function of the degree of substitution: 3/3 (top left), 2/3 (top right),
1/2 (bottom left), and 1/3 (bottom right). The 3/3 substitution rate corre-
sponds to the full substitution of the R sites (see Scheme 1).
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ratio between the bHRS value of the helix and 12 times (cor-
responding to the number of R substituents) the bHRS value
of the substituted pyrimidine molecule. This ratio ranges
from 0.38 (R=NH2) to 4.70 (R=H), showing the largest
damping of bHRS for cases in which the substituted pyrimi-
dine unit presents the largest bHRS value. This can be related
to the effect on b when packing D/A (donor/acceptor) chro-
mophores. Indeed, when packing D/A compounds laterally,
both dressing and local field effects are detrimental to the
first hyperpolarizability.[41] As a consequence of these pack-
ing effects, the ordering of the bHRS magnitude is modified
when going from the molecular units to the oligomers con-
taining ten units. However, the largest hyper-Rayleigh re-
sponse is still associated with substitutions by amino groups.

In subsequent work bigger substituents were used, such as
Ph�NH2 and Ph�NO2, prototypical representatives of elec-
tron-donating and electron-withdrawing groups (Table 4).

The difference between donor and acceptor substitutions is
larger relative to the results given in Table 3. However,
there is again a preference to substitute the pyrimidine ring
rather than the pyridine ring, and to substitute by an elec-
tron-donating group rather than by an electron-withdrawing
moiety. The first hyperpolarizability was then evaluated for
the fully substituted oligomer with ten units as well as for
structures with partial (1/3, 1/2, and 2/3) substitution pat-
terns. When replacing NH2 by Ph�NH2 substituents, bHRS in-
creases by more than a factor of three but only small varia-
tions are obtained when varying the substitution rate
(Table 4). However, smaller packing ratios are obtained for
the more densely packed structures, as expected for lateral
packing of chromophores. Furthermore, the depolarization
ratios reflect the symmetry of the supramolecular organiza-
tion of the substituents around the helix. Indeed, for the 1/3
substitution rate, the DR amounts to 4.89, a value close to
5, which characterizes systems with only one dominant diag-
onal b tensor component. The octupolar arrangements pro-

vide DR values close to the ideal value of 3/2. The L-
shaped supramolecular structure is characterized by an in-
termediate value, which corresponds to a bXXZ/bZZZ ratio of
about 3, associated with an angle between the two CT axes
(2q) of 2p/3 and a CT character smaller than 0.2.[49]

Subsequently, the size effects for substituted helices were
addressed for the pyrimidine rings substituted by aniline
groups. The appearance of the bHRS curve is quite similar to
the nonsubstituted case, but the bHRS values are about one
order of magnitude larger (Figure 8). Thus, helices with n=
10–15 already present an optimal size with respect to maxi-
mizing the first hyperpolarizability. The bHRS versus n curve

also supports the analysis attributing a larger periodicity to
the substituted helices. In addition, the stability of the depo-
larization ratio with the helix size demonstrates the re-
ACHTUNGTRENNUNGinforcement of the NLO octupolar character (Figure 6). On
the other hand, for j jm j j and bk the chain length dependen-
cies are very different from the case of the nonsubstituted
helices (Figure 8). Although not displayed here, the axial
component of the first hyperpolarizability is not negligible
and has an impact on the bk value. This is partly due to the
larger value of the axial component of the dipole moment,
which increases almost monotonically with the helix size
and further determines the components of the b tensor that
are probed in bk . Furthermore, the reason for the lack of a
regular pattern in the evolution of the first hyperpolarizabil-
ity with the helix size is probably found in the disordered
distribution of the chromophores, in particular those at the
extremities that are subject to steric interactions only from
one side.

Conclusion

The structure and the second-order nonlinear optical prop-
erties of a series of helical pyridine–pyrimidine oligomers

Table 4. Effects on bHRS (au) induced by substituting the pyridine and
pyrimidine rings by the p-anilino or p-nitrophenyl groups as a function of
the position and rate of substitution. For the molecular units, the corre-
sponding charge transfer between the substituents and the rings are also
given while the depolarization ratios are provided for the helical oligom-
ers. The quantities in parentheses determine the impact of the helical
structure on the b per pyrimidine ring and is given by
ACHTUNGTRENNUNGb ACHTUNGTRENNUNG(n=10)/ ACHTUNGTRENNUNG[12Pb(pyrimidine-R)].

Ph�NO2 Ph�NH2 Ph�NH2 Ph�NH2 Ph�NH2

3/3[a] 3/3[a] 2/3[a] 1/3[a] 1/2[a]

bHRS (pyridine-R) 372 1335
CT Q(pyridine-R) -0.01 0.02

bHRS (pyrimidine-R) 105 2218
CT Q(pyrimidine-R) 0.06 0.10

bHRS (n=10,
pyrimidine-R)

487
ACHTUNGTRENNUNG(0.39)

5956
ACHTUNGTRENNUNG(0.22)

6081
ACHTUNGTRENNUNG(0.34)

5003
ACHTUNGTRENNUNG(0.56)

4801
ACHTUNGTRENNUNG(0.36)

DR 1.68 1.52 3.34 4.89 1.61

[a] Substitution rate.

Figure 8. Evolution of bHRS, bk (au), and j jm j j (DP500) as a function of
the number of pyridine–pyrimidine units for the full (3/3) substitution
pattern.
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have been investigated theoretically. To this end 1) the
OPLS-AA MM approach has been chosen for the optimiza-
tion of geometries due to its good ability to reproduce the
experimental structures and 2) the TDHF approach, based
on the AM1 semiempirical Hamiltonian, has been employed
to evaluate the first hyperpolarizabilities (b), the projection
of the vector part of b on the dipole moment vector (bk)
and the hyper-Rayleigh scattering response (bHRS). In partic-
ular, we have investigated the impact of the size of the
chain on b as well as the effects of the nature, position, and
concentrations of donor/acceptor substituents.

In the absence of substituents the different quantities ex-
hibit periodic variations with chain length, but the second-
order NLO responses remain small. The first hyperpolariza-
bilities can, however, be enhanced by adding substituents, in
particular when donor groups substitute the pyrimidine
rings. When varying the concentrations of substituents,
supramolecular assemblies with dipolar-, octupolar-, or L-
shape NLO character can be built. Due to the packing ef-
fects, their second-order NLO responses are quite similar,
whereas their depolarization ratios are clearly characteristic
of their symmetry. This theoretical investigation therefore
demonstrates the potential of helical structures to organize
chromophores in such a way as to exhibit large second-
order NLO responses in combination with specific depolari-
zation ratios.

Possible extensions of this work include the use of larger
lateral groups or chiral moieties, as well as substituents
forming hydrogen-bonding networks. It would also be very
informative to see whether our theoretical predictions are
confirmed experimentally.
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