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Third-Order Nonlinear Optical Susceptibilities of
Solutions of Some Mesogenic Metallotetraphenylporphyrins

by Nanosecond Degenerate Four-Wave Mixing Method
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Institute, Osaka(GIRIO), Midorigaoka, Ikeda, Osaka 563

The benzene solutions of a mesogenic tetraphenylpor-
phyrin, 5,10,15,20~-Tetrakis (4-n-pentadecylphenyl)porphyrin,
and its metal complexes (metal:Co,Ni,Cu,Zn, and V=0) were
investigated to determine the 3rd-order nonlinear optical
susceptibilities X(S)by nanosecond degenerate four-wave
mixing (DFWM) at 532 nm. All solutions of approximately the
same concentration( = 1072 mol/1l) showed X(SLvalues of the

same order of magnitude, 210711 esu.

Organic metal complexes are very attractive compounds for the design
of novel advanced materials in the field of optoelectronics.l) Metal com-
plexes possessing large extended T-conjugate systems, can be made to ex-

2)

hibit mesomorphic properties by attaching long aliphatic chains. In meso-

3) as well as

morphic states, exciton migration among neighbouring molecules
molecular mobility could potentially influence the nonlinear optical pro-
cesses. The effect by self-assembled systems are much more interesting than
that in isotropic liquid and solid states, in respect to nonlinear optical
phenomena. Furthermore, molecules in mesophaées could easily be oriented by
applied electric and magnetic fields. The nonlinear optical properties,
such as X(3)

In this letter,

, of mesogenic metal complexes have not been studied extensively.
x(3)_ '
values of mesogenic 5,10,15,
20-Tetrakis (4-n-pentadecyl-
- phenyl) porphyrin (Cy ;TPPH,)
and its metal complexes
(C15TPPM;M:C0,Ni,Cu,Zn, and
V=0) are reported. This is
the first report that the

CisTPPM  M: Hp.V=0, Co, Ni, Cu, Zn
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3rd-order nonlinear optical properties of mesogenic metal complexes were
studied by DFWM method, as far as we know.

Standard methods of tetraphenylporphyrin and its metal complexes4)

! 1 : Nd:YAG laser

2p: slit
: KD*P crystal
CuSO4 soln. and IR-

cut filters

5n: half mirror
6p: mirror

7n: ND filter
8n: A/4 plate

9 : sample

10 : streak camera
Pnh: pump
Py: probe

Fig. 1. Experimental setup for the DFWM measurements(n=1,2,...).

were applied to synthesize the sample compounds. The mesomorphic properties
were revealed by highly viscous states, observed between crystalline and
isotropic liquid phase.5'6)

The experimental setup for nanosecond DFWM measurements is illustrated
in Fig.l. The light source is a frequency doubled Q-switched Nd:YAG laser
(Quantel YG571C), generating 532-nm-wavelength pulses of 7-ns (FWHM) and a
streak camera(Hamamatsu C1587) was used as a photodetector.

The sample cell was 1 mm thick and spectroscopic grade benzene was
used as solvent without further purification. CS); was selected as a stand-

(3) Yalues of the samples(X%§2= 1.7x 10712

ard material to determine the X
esu).7) The intensity of the phase-conjugated (pc) signal could be detected
with negligible intensity generated by the solvent, at the low concentra-
tion(< 0.1 g/l), however, the solvent signal had been substracted. The de-
tails of measurement are described elsewhere.$8)

The X(s)values can be estimated by applying the following equation:

x(3) = m./ﬁ./lllz X B (1)
2413 L
= x(3)(_jﬁi__ 2-¢R /R X B (1a)
= Xcs, nCSZ) s/ B®CSy

where n, ¢, L, R, I, and I, are the refractive index at wavelength i, the
velocity of light in vacuum, the sample thickness, the pc reflectivity of

the sample, and back and forward pump intensities, respectively. B is a
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Fig.2. Plots of R vs. VIjI; for

C,5TPPCo at 0.05 g/l.

Table 1 shows the resulting x

10'

283

correction factor for the light absorp-
tion by the sample, given by B = 1n(1/T)
/YT' (1-T), where T and T' are the trans-
mittance for pump and probe beam, re-
spectively, with T=T' in the present
work. Equation la can be used in the
case that the susceptibility of the
standard sample is known, with Rg and
RCSz being the reflectivities, and ng
and ncg, the refractive indices of
sample and CS2, respectively.

These equations can be applied,
when reflectivity R is proportion to
pump intensityvIjI,. A typical plot of
R vs. VI1I, is shown in Fig.2. All x(3)-
values determined in this work are de-
rived from data obtained under the

above proportional relation.

3)—Values of benzene solutions of C15TPPH2

and C;5TPPM, obtained by applying equations 1 and la, denoted by Xéa) and

(3)
Xr

The difference between the X

very small
z10”11 esu,

metallotetraphenylporphyrins without substituents.

, respectively.

-values obtained by both methods are

and the X(3)of all samples are of the same order of magnitude,

and comparable to those reported by C.Maloney et al. for

9)

Table 1. Third-order nonlinear susceptibilities of benzene
solutions of Cy5TPPH, and CygTPPM (0.5 g/1) at 532 nm?®)

Susceptibility/esu

C d

ompoun X](:3)X 1011 Xés)x 1011
C,5TPPH, 4.0 5.2
C15TPPCoO 5.6 7.4
C15TPPNi 6.9 10.
C15TPPCu 5.0 6.4
C15TPPZn 1.5 —_—
C15TPPV=0 3.2 3.5

(3) _ (3) _ .

a) Xz and Xy values are those obtained by applying

equations 1 and la, respectively.
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Figure 3 shows the con-

centration dependence of
the relative pc intensity,
in which the uncorrected 102

signal shows a maximum due

to the absorption of in-

cident light. The correct- ;E
ed values linearly in- S
crease with concentration. ;; ~
Comparative DFWM E; —
studies of the crystalline, ;? %ﬁ
isotropic liquid, and meso- ~ =
morphic states of these é?
compounds are in progress. ff
A L - 1
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