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ASYMMETRIC PORPHYRINS AND METALLOPORPHYRINS 
FOR NONLINEAR OPTICS 

J I N G U I  QIN*, TATSUO WADA and HIROYUKI SASABE 
Frontier Research Program, The Insti tute of Physical and 
Chemical Research (RIKEN), Hirosawa 2-1, Wako, Sai tama, 
351-01, Japan 

Abstract A series of meso-monosubstituted porphyrins and 
metalloporphyrins, MOEP-X (M = 2H o r  Zn; OEP = octaethylpor- 
phyrin; X = NO2, CN o r  CHO) and ZnTPP-N02 (TPP = tetraphenyl- 
porphyrin), were synthesized and characterized. The effect of 
the substituents and metals on the dipole moment is discussed. 
A preliminary investigation of the nonlinear optical proper- 
t y  is presented. 

INTRODUCTION 

In the search for  new nonlinear optical (NLO) materials, there  has 

recently been increased attention in phthalocyanines and metalloph- 
tha l~cyan ines l -~ .  The molecules studied so f a r  are mainly of 
symmetric structure,  and consequently, third order NLO properties 
are normally observed. 

Porphyrins and metalloporphyrins are also two-dimensional 

conjugated 7z -electron macrocyclic systems with strong absorptions 

in the near-UV and visible region. Normally, they are very stable 

and melt a t  quite high temperature without decomposition. For 

example, the porphyrin nucleus is s table  t o  concentrated sulfuric 

acid. Additionally, compared with phthalocyanines, porphyrins are 
more soluble, and their  s t ructure  and properties a re  easier to  
modify. These features, therefore, make them at t ract ive candidates 
for  elect  ro-p ho t oni c materials. 

* Permanent address: Department of Chemistry, Wuhan University, 
Wuhan. Hubei, 430072, People's Republic of China. 
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48/[3 161 J .  QIN ET AL. 

We are interested in the study of t h e  second order  NLO 
property of porphyrins. I t  is well established t h a t  an asymmetric 
molecular structure with intramolecular charge t ransfer  is the  f i r s t  
requirement in t h e  molecular engineering of the  organic second 
order NLO materials. This paper describes t h e  synthesis, character-  
ization, dielectr ic  property and some preliminary results of t h e  NLO 
properties of some asymmetric porphyrins and metalloporphyrins. 

SYNTHESIS AND CHARACTERIZATION 

Two types of porphyrins have been chosen as t h e  parent molecules, 
namely OEP (octaethylporphyrin) and TPP (tet raphenylporphyrin). 
The electron-withdrawing substi tuents are attached d i rec t ly  to  t h e  
periphery of the  rr-electron systems, which have t h e  s t r u c t u r e  
shown below. 

-1 I- 

Q x  

e 
1 M = 2 H  X = NO2 6 M = Zn X = NO2 
2 Zn 
3 2 H  
4 2 H  CN 
5 Zn CN 

:;8 

The reaction of OEP with t h e  ice-cold mixture of fuming nitric 
acid and glacial  acetic acid (1:l in volume) f o r  80 seconds gave 1. 

The Vilsmerer reaction of CuOEP gave 3. The treatment of 3 with 
hydroxylamine hydrochloride followed by treatment with acetic 
anhydride yielded 4. 6 was prepared by t h e  ni t ra t ion of ZnTPP 
with s i lver  n i t ra te  and iodine. The zinc complexes 2 and 5 were 
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prepared  by t h e  reac t ion  of t h e  corresponding free base porphy- 

rins with z inc  acetate. A l l  t h e  compounds were purif ied by  column 
chromatography and recrystallization. 

The molecular s t r u c t u r e  of al l  t h e  compounds w a s  confirmed by  
elemental analysis ,  NMR, IR, mass and UV-visible spectroscopies .  A s  
an example, t h e  following are t h e  cha rac t e r i za t ion  d a t a  f o r  t h e  com- 
pound 5, 

Elemental ana lys i s  (%) : 
Found: C 70.80, H 6.96, N 11.03; 

Calcd. for C37H43N5Zn : 

'H NMR d a t a  in CDC13, (6ppm) : 

9.92 ( s ,  2H): B ,  S-meso-H ; 

9.88 ( s ,  1H): 7 -meso-H ; 

1.90 ( t ,  GH), 1.82-1.87 (m, 18H): 

Mass spectrum (SIMS): m/z 621 (M') 

C 71.30, H 6.95, N 11.24. 

4.33(q, 4H), 4.03(q, 4H), 3.97(q, 4H), 3.96(q, 4H): CH2 ; 

CH3 . 

IR (KBr): v C=N - 2211 cm-1 
UV-visible spectrum ( in  benzene) : 

;I max: 414.0, 551.4, 591.4 . 

DIPOLE MOMENT 

The d ipole  moments of al l  t h e  compounds were ca lcu la ted ,  using t h e  

Guggenheim-Palit equation4, from t h e  dielectric cons t an t s  which 

were measured in benzene. Table 1 shows t h e  results: 

TABLE 1 Dipole moment of t h e  compounds 

Compound fi  (D) 

4. 6 
6.0 
6.2 
8.0 
5.9 
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I t  is w e l l  known that  the electron-withdrawing ability of a ni t ro  

(NO2) Howev- 
er ,  the cyano compounds (4 and 5) showed higher values of the 
dipole moment than the corresponding nitro compounds (1 and 2). 
Here, steric hindrance between the meso- and B -pyrrole substitu- 
ents (ethyl) appears t o  play an important role  (see Fig.1). The 
nitro group is not coplanar with the porphyrin ring, resulting in a 
less effective conjugation and charge-transfer. On the other  hand, 

the linear cyano group is coplanar with the macrocyclic ring, giving 
rise t o  the effective charge-transfer. 

group is stronger than that  of a cyano (CN) group. 

a b 

FIGURE 1. Schematic representation of the steric hindrance 
of meso-substituted OEP: (a) NO2; (b) CN. 

The dipole moments of the zinc complexes (2 and 5) are obvi- 
ously higher than those of the corresponding metal-free porphyrins 
(1 and 4). I t  was well established that  insertion of the electronega- 
tive metals (e.g. Mg, Zn, Cu, etc.) renders the porphyrins more 
reactive for  reactions with oxidants and e l e c t r o p h i l e ~ ~  due t o  the 
metal-to-ligand-charge-transfer (MLCT). In these monosubstituted 
metalloporphyrins, metal atoms behave as the electron donors, while 
the nitro and cyano groups are  the electron acceptors. 

is no big difference between the two types of porphyrins. This is 
not suprising since both compounds contain the same metal as well 
as the same substituents which are attached directly t o  the periph- 
ery of the macrocyclic n-electron cores which a re  essentially the 
same. 

Comparing the dipole moments of 2 with 6, i t  seems that  there  
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NONLINEAR OPTICAL PROPERTY 

Currently, electric-field-induced second harmonic generation (EFISH) 

measurements are being performed in order  t o  evaluate t h e  second- 

order  molecular polarizabili ties ( B  ) of the compounds. 
Thin films of t h e  compound 1 in a glassy polymer matrix were 

prepared by spin coating onto indium-tin-oxide (ITO) coated glass. 

Corona-poling w a s  performed t o  achieve t h e  alignment of t h e  
porphyrin molecules. In s i tu  spectroscopic absorption measurement 

was carried out during poling and depoling. Optical second har- 

monic generation (SHG) of the poled films was measured. A l l  t h e  

measurements have confirmed t h e  second order  nonlinear opt ical  
response. Further studies are in progress. 

REFERENCES 

1. T.Wada, Y.Matsuoka, K.Shigehara, A.Yamada, A.F.Garito and 
H.Sasabe, MRS International Meeting on Advanced Materials, 
V01.12 (1989). p.75. 

2. Z.Z.Ho, C.Y.Ju &d W.M.Hetherington 111, J. Appl. Phys., 62, 15 
11987). 

3. JlS.Shirk, J.R.Lindle, F.J.Bartoli, C.A.Hoffman, Z.H.Kafafi, and 

4. V.I.Minkin, 0.A.Osipov and Y.A.Zhdanov, Dipole Moments in organic 

5 .  J.-H.Fuhrhop, in Porphyrins and Metalloporphyrins, edited by 

A.W.Snow, Appl. Phys. Lett., 2, 1287 (1989). 

Chemistry (Plenum, New York, 1970). Chap. 2, pp.41-77. 

K.M.Srnith (Elsevier, Amsterdam, 19751, Chap.14 and 15, pp.593- 
666. 

D
ow

nl
oa

de
d 

by
 [

T
om

sk
 S

ta
te

 U
ni

ve
rs

ity
 o

f 
C

on
tr

ol
 S

ys
te

m
s 

an
d 

R
ad

io
] 

at
 1

4:
49

 1
8 

Fe
br

ua
ry

 2
01

3 




