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The equilibrium geometries, electronic structures, and one- and two-photon absorption properties of a series
of paracyclophane derivatives have been determined by using the AM1 and ZINDO methods. The results
show that the paracyclophane core as a multidimensional tunneling barrier remarkably increases the two-
photon absorption cross section of molecules. As far as this series of paracyclophane derivatives is concerned,
there exists a nonconventional “through-space” charge transfer. Our theoretical findings are consistent with
recent experimental observations. It is found that the molecular length plays the most crucial role in the
one-photon absorption intensity and the two-photon absorption cross section. For molecules with a given
framework, a symmetrical structure with strong donor groups can result in a maximum two-photon absorption
cross section. The three-state approximation is applicable to this series of paracyclophane derivatives. It is
notable that paracyclophane-based molecules may afford advantages in the tradeoff of nonlinearity and
transparency by generating a strong NLO response while providing a favorable displacement of the region of
transparency.

1. Introduction

The two-photon absorption (TPA) process has been the
subject of fast-growing interest in fields such as chemistry,
photonics, and biological imaging because of a variety of
applications of TPA dyes to upconverted lasing,1-3 optical power
limiting,4-6 photodynamic therapy,7 and 3D microfabrication.8-10

The development of two-photon technology depends much on
the success of synthesizing new molecules with large TPA cross
sections at desirable wavelengths.11-14 It is found that the
molecular structure has a significant influence on the TPA cross
section of molecules so that the study of the relationship between
molecular structure and the TPA cross section is quite important.
There exist various design strategies employed to enhance the
magnitude of the TPA cross section of dyes.11-20 Among them,
increasing the dimensionality of charge-transfer networks is an
especially important one. The TPA of a class of 2-D cumulene-
containing polyenes was theoretically investigated by Norman,
Luo, and Ågren.15 They showed that the donor-acceptor
substituted cumulenes containing aromatic molecules have large
TPA cross sections, which are quantitatively comparable to those
of the TPA dyes studied by Kogej et al.16 Minhaeng Cho et
al.17 investigated the TPA properties of another series of
octupolar molecules. They pointed out that for this kind of
molecule the TPA cross section increases as the strength of the
donor or acceptor increases; the TPA cross section is linearly
proportional to the first hyperpolarizability. Lately, using a
degenerate four-wave mixing technique, Sahraoui and co-
workers measured the third-order susceptibilities and TPA in
branched olgothienylenevinylenes derivatives. They demon-
strated that the values of third-order susceptibilities and TPA
coefficientsâ increase as the number of branches increases.18

It is known that the increased conjugated length or scope of

π-electron delocalization leads to a higher nonlinearity in the
optical response, but at the same time, it results in a lower
transparency in the spectral region of interest, limiting the
potential usefulness of the material. So the conflict between them
is worth being taken into account.

In this paper, we investigate the TPA properties of a series
of paracyclophane derivatives with double-layer structure. The
[2,2] paracyclophane bridge was chosen to serve as the locus
of interchromophore contact since it enforces the cofacial
overlap of two phenyl rings, minimizes intramolecular motion,
and has proven useful for the study ofπ-π electron delocal-
ization and ring strain in organic compounds.21,22Furthermore,
paracyclophane-based molecules may afford advantages in the
tradeoff of nonlinearity and transparency by generating a strong
NLO response while providing a favorable displacement of the
region of transparency. Here, we will depict the optimized
geometric structure of the paracyclophane segment and then
discuss the impact of the conjugated length, donor (D) or
acceptor (A) strength, and increased dimensionality on the TPA
cross sections of molecules.

2. Theoretical Methods

The TPA process corresponds to the simultaneous absorption
of two photons. The TPA efficiency of an organic molecule, at
optical frequencyω/2π, can be characterized by the TPA cross
sectionδ(ω). It can be directly related to the imaginary part of
the second hyperpolarizabilityγ(-ω; ω, ω, -ω) by23

wherep is Planck’s constant divided by 2π, n is the refractive
index of the medium,c is the speed of light, andL is a local
field factor (equal to 1 for vacuum).
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δ(ω) ) 8π2pω2

n2c2
L4{Im}γ(-ω; ω, ω, -ω) (1)
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The SOS expression used to evaluate the components of the
second hyperpolarizabilityγijkl can be derived by using pertur-
bation theory and the density matrix method. By considering a
power expansion of the energy with respect to the applied field,
the γijkl Cartesian components are given by24,25

where P(i, j, k, l; -ωσ; ω1, ω2, ω3) is a permutation operator
defined in such a way that for any permutation of (i, j, k, l) an
equivalent permutation of (-ωσ; ω1, ω2, ω3) is made simulta-
neously;ωσ ) ω1 + ω2 + ω3 is the polarization response
frequency;ω1, ω2, ω3 indicate the frequencies of the perturbing
radiation fields (considering the degenerate TPA,ω1 ) ω2 )
ω and ω3 ) -ω); i, j, k, and l correspond to the molecular
axesx, y, andz; m, n, andp denote excited states ando, the
ground state;µj is the j() x, y, z)th component of the dipole
operator; (〈m|µj j|n〉 ) 〈m|µj|n〉 - 〈o|µj|o〉); (h/2π)ωmo is the
transition energy between them and o states; andΓmo is the
damping factor of excited statem. Considering the higher the
excited state is the shorter its lifetime,Γmo is expressed as
follows:26

To compare the calculatedδ value with the experimental
value measured in solution, the orientationally averaged (iso-
tropic) value ofγ is evaluated, which is defined as

Hereafter,〈γ〉 is taken into eq 1, and then the TPA cross
sectionδ(ω) is obtained.

Generally, the position and relative strength of the two-photon
resonance are to be predicted using the following simplified
form of the SOS expression:27

whereMij is the transition dipole moment from statei to j; Eij

is the corresponding excitation energy; the subscripts 0,k, and
n refer to the ground-state S0, the intermediate state Sk, and the
TPA final state Sn, respectively; and∆µk is the dipole moment
difference between S0 and Sk, which is neglected in symmetric

molecules. So for symmetric molecules, eq 5 becomes the
following:11,24

In principle, any kind of self-consistent-field molecular orbital
(SCFMO) procedure combined with the configuration interaction
(CI) can be used to calculate the physical values in the above
expression. In this paper, considering the size of the studied
molecules, the semiempirical AM1 was primarily used to
calculate the molecular equilibrium geometry. Then, the property
of electronic excited states was obtained by 169 singly (SCI)
and 11 doubly (DCI) excited configurations using the ZINDO
program. Furthermore, either the UV-vis (ground-state one-
photon absorption) spectra or the transition dipole moment and
the corresponding transition energy that were needed to predict
TPA were provided. Then, according to eqs 1-4, the second
hyperpolarizabilityγ and TPA cross sectionδ(ω) were calcu-
lated.

3. Results and Discussions

3.1. Structural Design and Geometry Optimization.The
molecular structures were chosen according to Figure 1. All
molecular equilibrium geometries are attained by the semiem-
pirical AM1 method. The third-order nonlinear optical effect
of organic conjugated systems arises from the delocalization
of their π electrons. On the basis of the compounds reported in
the literature,28 we designed a series of paracyclophane deriva-
tives. First, we designed two parent monomeric chromophoress
stilbene derivative 1 and distyrylbenzene derivative 2. Then,
on the basis of 1 and 2, we built two primary backboness1A
and 2Aswhich correspond to dimers of 1 and 2. Subsequently,
we introduce different donors (C(Me)3, NH2) and a different
acceptor (NO2) to change the donor or acceptor strength and
the arrangement of molecules; consequently, 1B, 1C, 1D, 2B,
2C, 2E, and 2D are formed. As shown in Figure 1, although
the molecule is drawn flat here for clarity, ring strain distorts
the phenyl rings in the paracyclophane core. In the literature,21

authors showed that the distance between bridgehead carbons

γijkl(-ωσ; ω1, ω2, ω3) ) 4π3

3h3
P(i, j, k, l; -ωσ; ω1, ω2, ω3)
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Figure 1. Molecular structure designs for the studied compounds.

δ ∝
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(E0k - E0n/2)2Γ
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Two-Photon Absorption of Paracyclophanes J. Phys. Chem. A, Vol. 107, No. 11, 20031851



on opposing rings is about 2.78 Å, which is larger than our
result by 0.1 Å, whereas the distance between rings measured
from the nonbridging carbon-carbon bonds is approximately
3.09 Å compared with the average value of 3.04 Å that we have
obtained. It is obvious that our calculations are in agreement
with the values in the literature.

3.2. One-Photon Absorption.Table 1 lists the calculated
and experimental (given in parentheses) wavelengthλmax

(1),
which is with oscillator strength larger than 0.3, as well as the
oscillator strengthf and the nature of the transition for the
maximum one-photon absorption (OPA) of every molecule. To
examining the calculation method, we choose 4,4′-bis(dimethyl-
amino) stilbene (molecule M in Table 1) as a comparison
sample. As shown in Table 1, the results we calculated are in
agreement with experimental values. As displayed in Table 1
and Figure 2a, comparing with one absorption peak of molecule
1, there appear to be two absorption peaks with longer
wavelength and larger oscillator strengths in molecules 1A to
1D. This change is caused by the paracyclophane bridge
functioning as a multidimensional tunneling barrier to increase
the scope of theπ-electron delocalization. A red shift of 22.3

nm is observed in the maximum absorption peak of the 3D dimer
1A relative to that of the 1-D parent molecule 1, and the
oscillator strength is doubled. On the basis of 1A, different
combinations of donor (NH2) and acceptor (NO2) groups have
slightly dissimilar effects on the OPA spectra. The D/D pair
substituent 1B has the strongest impact on the oscillator strength,
resulting in a 66% increase, whereas the A/A substituent 1C
provides the largest wavelength shifting of up to 14.3 nm.
However, the overall effects of amino and nitro groups on the
OPA spectra are not very large.

The most important parameter for determining the OPA
intensities of active TPA materials seems to be the molecular
length. Attaching 4-styryl-stilbene to 1, thereby creating 2, has
several consequences for the OPA spectra. Theλmax

(1) value
exhibits a bathochromic shift by 27.3 nm, and the oscillator
strength is increased by a factor of 2.6. From Figure 2b,
comparing 2S (S) A-E) with 1S (S) A-D), we can find
the same trend as that of 2 relative to 1. That is, theλmax

(1)

value increases significantly and the oscillator strength changes
by a factor of 2 or 3. It is notable that there are always two
peaks, centered at 365 and 330 nm, with the same excited states
in the OPA spectra of 2A to 2E. In this type of molecule, the
introduction of donors (C(Me)3, NH2) and an acceptor (NO2)
still has a negligible impact on the OPA spectra.

As far as this series of paracyclophane derivatives is
concerned, the most interesting finding from the simulations of
the OPA spectra of the molecules considered here is that the
molecular length and the dimensionality of the molecules are
the most significant parameters in determining the OPA
intensity. The choice of the donor and acceptor has a small
impact on the OPA.

3.3. Two-Photon Absorption. Table 2 summarizes the
position of the maximum TPA (λmax

(2)) and the nature of the
transition. According to expressions 1-4, we compiled a
program to calculate the third-order optical susceptibilityγ and
the TPA cross sectionδ(ω). Using the program, we calculated
the real and imaginary parts ofγ as well as theδmax values,
which are also listed in Table 2. As shown in Table 2, the results
we calculated are in agreement with experimental values. In
this paper, we have employed two methods to ensure the position
of the TPA maximumλmax

(2). One is that according to eq 5s
the three-state approximationswe select the excited states with
the largestM0k andMkn values (shown in Table 3) and regard
then state as the final state of TPA, equal to the position of the
maximum TPA (λmax

(2)). Another way is to depict the TPA
spectra for all of the compounds by considering the 25 lowest
excited states point by point and consequently obtain the
maximum TPA cross sectionδmax in the TPA spectrum and
the corresponding final state of TPAλmax

(2). But this method
contains two conditions. First, for the molecules that have central
symmetry such as 1A, 1B, 2C, and 2D, two-photon transitions
must have initial and final states with the same parity. The
transitions starting from the ground state (typically an even-
symmetry state Ag) are concerned; therefore, the TPA allows
only the even-parity excited states Ag to be identified. Conse-
quently, we should select the excited states with Ag symmetry
in the 25 lowest excited states and take them as the possible
TPA final states to perform the calculations of the TPA cross
sections. Second, for the molecule without a center of inversion
symmetry such as 1, 2, 1D, and 2E, every state is of mixed
parity, and hence between all electronic states, involving any
number of photons is allowed. So for the 25 lowest excited
states, every state has the possibility of being the TPA final
state.

TABLE 1: Maximum One-Photon Absorption and
Transition Nature for Compounds

molecule transition λ(1)/nm f

1 S0 f S1 294.6 (293)27 0.49859
1A S0 f S3 364.4 0.32820

S0 f S5 316.9 (315)27 0.73593
1B S0 f S3 364.1 0.44532

S0 f S5 320.4 1.22510
1C S0 f S3 382.1 0.52675

S0 f S7 331.2 0.73033
1D S0 f S3 374.1 0.42910

S0 f S6 324.6 0.83594
2 S0 f S1 321.9 1.78039
2A S0 f S3 367.5 1.48937

S0 f S5 331.3 2.06660
2B S0 f S3 365.5 (372)27 1.86214

S0 f S5 332.0 1.90031
2C S0 f S3 366.5 2.19736

S0 f S5 334.7 1.75304
2D S0 f S3 367.8 2.36033

S0 f S5 330.2 1.43474
2E S0 f S3 368.9 1.75562

S0 f S5 333.4 1.87200
M S0 f S1 325.2 (322)29 1.38310

TABLE 2: Two-Photon Absorption Properties of Molecules

molecule transition λ(2) (nm) γ × 10-34/esu
δmax

(cm4 s/photon)

1 S0 f S4 471.4 -0.7305+ 3.937i 365.867
1A S0 f S7 572.0 -2.927+ 11.12i 702.232

S0 f S15 492.0 -12.39+ 18.61i 1587.71
1B S0 f S10 568.0 -4.142+ 29.05i 1859.31

S0 f S15 495.6 -22.52+ 10.57i 889.009
1C S0 f S11 598.6 -18.03+ 24.98i 1439.85

S0 f S18 504.8 -24.53+ 21.12i 1711.78
1D S0 f S8 619.6 0.7361+ 31.66i 1703.14

S0 f S17 501.8 -34.35+ 21.82i 1789.46
2 S0 f S5 537.6 3.298+ 37.51i 2680.38
2A S0 f S11 572.8 -14.28+ 70.13i 4414.58

S0 f S17 506.6 -51.13+ 107.9i 8679.39
2B S0 f S13 572.8 -13.28+ 80.01i 5036.01

S0 f S19 501.2 -110.6+ 122.0i 10033.0
2C S0 f S13 573.2 -12.21+ 87.86i 5522.33

S0 f S19 504.0 -113.7+ 155.4i 12638.6
2D S0 f S11 577.6 -20.52+ 78.96i 4887.72

S0 f S18 501.8 -117.1+ 120.2i 9854.69
2E S0 f S11 576.2 -22.22+ 85.94i 5345.79

S0 f S19 498.6 -113.5+ 96.25i 7996.83
M S0 f S4 517.4(529)11 -0.5124+ 34.99i 429.712 (411)29
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As shown in Table 2 and Figure 3, in which the segments of
the TPA cross sections larger than zero are shown and the
dominating TPA states of all of the studied molecules are

illustrated, except 1 and 2, there are two TPA peaks in the
compounds, centered at 570 and 500 nm. The impact of the
introduction of the donor and acceptor, the increased conjugated

Figure 2. Absorption peaksf for the low-lying singlet states of molecules.

TABLE 3: Electronic Transition and Transition Dipole Moment of Compounds for Maximum TPA

molecule S0 f Sn

M0k

(debye)
Mkn+ ∆µk

(debye)
Eok

(eV)
Eon

(eV)
Γ

(eV) {M0k
2(Mkn+ ∆µk)2]/[(E0k - E0n/2)2Γ]

δmax

(10-50cm4 s/photon)

1 S0 f S4 5.59 7.13 4.21 5.26 0.08 7954.2 365.867
1A S0 f S15 7.14 7.93 3.91 5.04 0.11 14664.6 1587.71
1B S0 f S10 5.87 9.12 3.40 5.00 0.10 35381.9 1859.31
1C S0 f S18 7.17 9.95 3.74 4.91 0.11 28021.1 1711.78
1D S0 f S17 7.59 12.49 3.82 4.94 0.11 52287.2 1789.46

2 S0 f S5 11.02 10.30 3.85 4.61 0.08 77112.8 2680.38
2A S0 f S17 12.06 8.57 3.74 4.89 0.11 57461.5 8679.39
2B S0 f S19 11.57 12.68 3.73 4.95 0.11 103492.1 10033.0
2C S0 f S19 11.16 13.97 3.70 4.92 0.11 143709.4 12638.6
2D S0 f S18 10.03 11.38 3.75 4.94 0.11 72289.2 9854.69
2E S0 f S19 11.51 16.17 3.72 4.97 0.11 206463.9 7996.83
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Figure 3. Two-photon absorption spectra of compounds.
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length, and the enhanced dimensionality on the position of
maximum TPA wavelengthλmax

(2) is small. However, these
effects on the TPA cross sections are quite substantial. This
can be seen from the results of 1-based compounds listed in
Table 2. The 3-D dimer 1A has increased the TPA cross section
of 1-D parent monometic dye 1 by more than 4 times, from
365.867× 10-50 cm4 s/photon to 1589.71× 10-50 cm4 s/photon.
On the basis of 1A, different donor/acceptor substituents have
slightly improved the TPA cross section by about (150-300)
× 10-50 cm4 s/photon.

Comparing 2S (S) A-E) with 1S (S) A-D), we find that
the conjugated length plays a crucial role in the performance
of TPA materials. The TPA cross section of 2 is found to be
around 2680.38× 10-50cm4 s/photon, which is larger than that
of 1 (365.867× 10-50cm4 s/photon) by more than 7 times. The
maximum TPA cross section of 2A is about 6 times that of its
counterpart 1A. As shown in Table 2 and Figure 3, the TPA
cross section of 2C (12638.6× 10-50cm4 s/photon) is 120%
that of 2B (10033.0× 10-50cm4 s/photon) simply because of
the change in the donor group from C(Me)3 to NH2. Therefore,
the use of a stronger donor has very positive effects on the TPA
cross sections. An important role is played by the molecular
symmetry. The two D/D paired molecules 2B and 2C have the
largest TPA cross sections. The maximum TPA cross sections
of symmetrical D/D and A/A structures are higher than those
for the asymmetrical D/A arrangements by (2000-4000) ×
10-50 cm4 s/photon. Our calculated results have thus confirmed
the experimental findings on the importance of molecular
symmetry.11

According to the results in Tables 2 and 3, the relationship
between the maximum TPA cross sectionδmax of every
compound andM0k

2(Mkn + ∆µk)2/(E0k - E0n/2)2Γ is depicted in
Figure 4. As can be seen, the calculated points are averagely
distributed on the two sides of the line. The results in Figure 4
confirm that the position and relative strength of the two-photon
resonance for these derived paracyclophanes are to be predicted
using expression 5. It is obvious that the changing trend of TPA
cross sections predicted by two different methods above are in
accord with each other.

From Table 2, one can find that for every molecule every
TPA peak has its own origin. We take 2E as the example to
analyze their sources. As shown in Figure 5, the first OPA peak
of 2E comes from the mixing of electron transitions from
HOMO to LUMO, HOMO to LUMO + 1, HOMO to LUMO
+ 2, and HOMO to LUMO+ 6. The transitions from HOMO
to LUMO, HOMO to LUMO + 2, and HOMO to LUMO+ 6

are equal to the charge transition from the central paracyclo-
phane bridge to the acceptor part, and these transitions are
connected to the molecular in-planey axis and the out-of-plane
z axis. The transition from HOMO to LUMO+ 1 mainly
concentrates on the central part to the donor moiety. In other
words, the first OPA peak of 2E mainly comes from the charge
transfer from the center part to the two sides. The second OPA
peak of 2E is rooted in the mixing of electron transitions from
HOMO - 2 to LUMO, HOMO- 1 to LUMO + 1, and HOMO
- 1 to LUMO + 2, which are also displayed in Figure 5. The
electron transfer from HOMO- 2 to LUMO mainly focuses
on the interior of the acceptor segment, and the transition from
HOMO - 1 to LUMO + 1 mostly focuses on the inside of the
donor part. The charge transfer from the donor moiety to the
acceptor side is equal to the transition from HOMO- 1 to
LUMO + 2. From the above results, one can find that the second
OPA peak of 2E comes from the charge transfer in the interior
of the acceptor, the interior of the donor, and from the donor
part to the acceptor branch. These results are consistent with
the investigations in ref 30.

Figure 6 depicts the electron transitions corresponding to the
two TPA peaks of 2E. In comparison to that of OPA in Figure
5, it can be seen that the two OPA peaks of 2E come from the
mixing of some electron transitions, whereas the configurations
of the electron transitions of the two TPA peaks are single. As
shown in Figure 6, the first TPA peak is mainly made up of
the electron transition from HOMO to LUMO, which also
contributes to the first OPA peak. It is obvious that for a
asymmetric molecule such as 2E every state is of mixed parity
and the one-photon allowed excited state can also equally be
the two-photon allowed excited state. For the second TPA peak
of 2E, it comes from the electron transition from HOMO- 3
to LUMO + 1, which is equal to the charge transfer from the
center part to the donor moiety. In balance, the electron
transitions relative to the TPA peaks of 2E are equal to the
charge transfer from the center part to the two sides.

Theoretically and experimentally, both methodssattaching
strong electron-donating and electron-withdrawing groups to the
π-conjugated molecules and the extension of theπ-conjugated
lengthsare proven to enhance the NLO properties of organic
molecules, which are quite often hampered by an optical
transparency problem. It causes the bathochromic shift of the
π-π* absorption band, and thus the requirement of high
transparency to visible light will not be met. The calculation
shows that the maximum TPA cross section of 2S (S) A-E)
is 6 times as that of its counterpart 1S (S) A-D) whereas
λmax

(1) has no obvious red shift. Gompper et al. 31 pointed out
that the maximum wavelengthλmax

(1) of the electronic spectra
of the chromophore molecules of the nonlinear optical materials
ought to be shorter than 415 nm so that the transparency can
be guaranteed. From the calculated electronic spectra listed in
Table 1, it can be seen thatλmax

(1) of all of the molecules is
lower than 385 nm (i.e., the third-order susceptibility and the
TPA cross section increase without lowering the transparency).
The TPA materials with high transparency can be applied to
the synthesis of optical limiting device.32,33 Examining the
absolute values of the real parts of the second hyperpolariz-
abilties, one can find that the magnitude of this parameter for
all molecules ranges from 10-34 to 10-32 esu. Thus, it can be
concluded that this type of paracyclophane derivative will be a
kind of third-order nonlinear optical and TPA material from
the viewpoint of the high transparency and the relatively large
NLO response.

Figure 4. Plot of δmax vs M0k
2(Mkn + ∆µk)2/(E0k - E0n/2)2Γ.
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Most conventional molecular designs for the various NLO
applications are based on intramolecular charge-transfer (ICT)
processes from a donor to an acceptor moiety through a
π-electron conjugated path such as stilbene, azobene, or
thiophene derivatives. Recently, more and more attention has
been paid to novel molecular engineering schemes. Among
them, “through-space” electronic interactions between donor and
acceptor groups are interesting and promising. The experimental
observations and the theoretical calculations34 have proven that
the paracyclophane molecular template can be used as the

cornerstone of a new strategy for through-space charge transfer
(TSCT) mediated and controlled byπ-π stacking within the
cyclophane moiety. In this paper, we will discuss the properties
of TSCT in paracyclophane derivatives by means of analyzing
the Muliken charge distributions in molecules. We take the
molecule 2E as the example to carry out the analysis. Figure 7
shows the Muliken charge distribution of the molecule 2E in
the ground state and in the fifth excited state. As displayed in
Figure 7, either in the ground state or in the excited state the
electron in the molecule is indeed transferred from the donor

Figure 5. Atomic orbital composition of the HOMO- 2, HOMO - 1, HOMO, LUMO, LUMO + 1, LUMO + 2 and, LUMO+ 6 of 2C
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C(Me)3 to the acceptor NO2 as it is in the conventional
molecules. But the fact that the electron does not transfer
unblockedly is reflected by the negative charge centered at the
moiety between the donor and the paracyclophane part. This
results from the “obstacle” role of the paracyclophane in the
form of a π-π stack, which is in good agreement with the
conclusion in ref 34. From above the result, we find that as for
the paracyclophane derivatives the paracyclophane as an obstacle
blocks the charge transfer but does not stop this process by
TSCT. It is important that they possess high transparency and
significantly enhance the TPA cross section. As a consequence,
the paracyclophane derivatives are promising NLOs, in par-
ticular, TPA materials.

4. Conclusions

In this paper, the one- and two-photon absorption properties
of a series of paracyclophane derivatives have been investigated.
The results show that not only on the OPA spectra but also on
the TPA spectra the conjugated length of the molecules has the
most important effect. The 3-D dimers formed by the connection
of the paracyclophane bridge have TPA cross sections that are
4 times larger than those of the 1-D parent monometic
molecules. Our calculated results have confirmed the experi-
mental finding of the importance of molecular symmetry.
Paracyclophane-based molecules can be classified as a com-
pletely new and promising kind of nonlinear optical material
from the standpoint of the high transparency and relatively large
NLO response. The paracyclophane molecular template as a
novel strategy for through-space charge transfer is worth
investigating further.
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