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Lead phthalocyanine incorporated in sol and gel
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Lead phthalocyanine (PbPc) was first successfully doped in organic-inorganic matrix by
choosing proper alkoxy-silane containing amino-group by sol-gel processing. The
characteristics of PbPc in sol and gel were studied using optical absorption spectroscopy.
The results show that the presence of PbPc monomer in the sol and gel is strongly
controlled by the pH value of sol, and the action of amino-group is an important factor for
PbPc monomer able to existin gel. © 1999 Kluwer Academic Publishers

1. Introduction with a center-symmetic structure and theelectron
Metallophthalocyanine (MPcs) has been focused orconjugated system is shown in Fig. 1. The reagent
much attention because of their wide variety of re-grade chemical of 3-(Diethoxymethylsily)propylamine
markable properties such as photoconductivity, pho{NH2(CH,)3Si(OGHs),-CHs, DEMPA) and 3-Glycid-
tochemical reactivity, bioinorganic and catalytic activ- yloxypropyltrimethoxysilane (B COCHCHO(CH,)s-
ity and electrochromism, and their possible applicationSi(OCHs)3, GPTMS) were used as a matrix materials.
use in the field of color display technology and gaslin fabricating for PoPc/DEMPA solution, 5 mg PbPc
sensor [1, 2]. Recently, Pergt al. have shown that was added into 30 ml DEMPA solution. The mixture
MPcs have large nonlinear absorption and can be useslas sonicated. A clearly green solution was obtained.
as optical limiters which can protect human eyes orThere was some black PbPc deposition not dissolved
optical sensors from optical damage [3, 4]. Transparwith DEMPA solution in the bottom of beaker. The
ent inorganic and inorganic-organic matrices with highsedimentation was removed by filtering process. It
laser damage threshold incorporating with these MPcsyas found that the maximum solubility for PbPc at
if developed, show particular promise for practical ap-room temperature was about 1.5 mg in every 40 ml
plication in optical devices, because of their significantbEMPA. The resultant solution was hydrolyzed with
chemical and thermal stabilities. So far, some MPcghe mixture of GHsOH and HO. The pH value of
such as CuPc, SnPc, GePc and SiR¢@ve been in- which was adjusted using HCI. Because of the very
corporated in Si@gels using a sol-gel method [5, 6]. slow hydrolysis-rate of DEMPA, the GPTMS/DEMPA
The sol-gel method is widely used to obtain inorganicsystem was chosen as matrix for PbPc. In a typical
glass and ceramics at low temperature. Generally, theun, 10 ml of above obtained PbPc/DEMPA solution
limiting response of MPcs is increased as the weightvas added into 12 ml GPTMS, and then added 15 ml
of metal increases. Because of it, of all MPcs, lead phC,HsOH. This solution was hydrolyzed by gradually
thalocyanine (PbPc) is most promising and is of partic-dropping 1.8 ml distilled water, followed by stirring for
ular interest to be incorporated in the inorganic matrix.40 min. The resultant clear and homogeneous solution
However, PbPc molecule is very easy to dimerize andvas gelled to form a stiff gel at room temperature for
further agglomeration, which results in the reduced ef-2 weeks in a covered polystyrene container.
fect of optical limiting. Up to now, there are no reports  The optical absorption measurement of solution was
for doping PcPc in the form of monomer into an inor- carried out on the samples filled in 10 mm optical silica
ganic and organic-inorganic matrix. cuvette by a UV/Vis spectrophotometer (JASCO Ubest-

In this work, we report our first successful synthesis50). The pH value of the solution was measured with
of PbPc monomer embedded in an organic-inorganidodel HM-1 K pH meter.
gel by the sol-gel process and demonstrate the existence
of PbPc monomer in this matrix with optical absorption
spectroscopy. 3. Results and discussion

3.1. Incorporation of PbPc
in DEMPA solution

2. Experimental Crystalline PbPc belongs to monoclinic and triclinic
Lead Phthalocyanine (PbPc) was available from Tokyd7] and is dissolved as monomer, dimer, and aggre-
Kasei Organic Chemicals, Japan, and used withougates in solution. In optical absorption spectra, the PbPc
further purification. The molecule’s structure of PbPcmonomer has two absorption bands in the range of
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the decreases in the band intensity of the aggregation
of PbPc. This result strongly indicates that the PbPc
can be dissolved in the monomer former in DEMPA
N / \ solvent. The PbPc molecule israelectron conjugated
, l system and is liable to be surrounded by amino-groups
! of DEMPA molecule. By choosing alkoxy-silane con-
l /N — Pb—N\ taining amino-group, the hydrolysis and condensation
of -OCHg, or -OGHs can take place which helps PbPc
molecules get entrapped along with -Ngroup in the
growing covalent gel network. We also found that the
solubility of other soluble MPcs such as SiPg@las
much higher in DEMPA than that in other common
solvents such as GJ®H and tetrahydrofuran (THF).

Figure 1 The molecular structure of PbPc.

3.2. Effects of solvent and pH value on sol
1.6 The obtained PbPc/DEMPA solution was hydrolyzed
with H,O and different quantity of gHs0OH, the op-

1.4 tical spectra of which are shown in Fig. 3. Four ab-
1.2 sorption bands at 605, 642, 670 and 702 nm indicate
the formation of dimer, monomer and micro-crystal,
3 1 respectively. The intensity corresponding to the respec-
& tive absorption bands reduces gradually with increas-
2 08 ing the amount of gHsOH. However, the relative op-

_§ 0. 6 tical intensities of monomer and dimer show almost no
< changes, indicating that the quantity of alcohol solvent
0.4 does not influence the state of PbPc, and thidOH

just dilutes the sol solution.
0.2 The PbPc/DEMPA solution hydrolyzed with,B

| show high pH value around 12. Fig. 4 shows the opti-
% 0 400 500 600 700 800 cal spectra of PbPc/DEMPA solution hydrolyzed using
HCI with pH=4 and 8. It is evident that the bands at
607, 642 and 671 nm wavelength disappear in solutions
Figure 2 UV/Vis absorption spectra of PbPc in DEMPA solution: of pH 4 a_nd 8. ltis We_” known that' when HCl is in-
(1) sonicated for 15 minutes; (2) sonicated for 2 hours. troduced into sol solution, the amino-group (MHcan

easily react with HCI. As amino-group gradually de-

pleted by the HCI, the environment of PbPc surrounded
0y amino-groups no longer equilibrates and then is bro-
en. The PbPc monomers are aggregated again.

Wavelength (nm)

300-400 nm and 600-800 nm wavelength which are a
signed to Q- and B-band, respectively [8, 9]. In general,
the formation of dimer and aggregation of PbPc
molecules quenches the optical limiting effect and
changes their other optical properties. Therefore, for 1.4
the optical limiting effect, it is the crucial issue to pre-
vent the dimer and aggregation formation from PbPc 1.2
monomers in the sol-gel process.

In our preliminary experiments to dissolve PbPc in 1
solvents, some solvents such as{CH, TMOS and
TEOS were chosen but failed to dissolve PbPc. Optical & 0.8

0.6

absorption spectra of PbPc-dissolved DEMPA (5 mg
PbPc in 30 ml DEMPA), measured after sonicating for
0.25 and 2 hours are shown in Fig. 2. It is apparent that <
both spectra consistofthe Q and B-bandsintherangeof ~ 0.4 -
600-800 nm and 300—400 nm wavelength, respectively.
In the Q-band region, four bands are observed at 604, 0.2
639, 669 and 702 nm wavelength, which are assigned to
the dimer, monomer and aggregation, respectively. Be-
cause of the strong absorption of DEMPA at the range
of 200—400 nm, the another monomer band of PbPc at Wavelength (nm)

350 nm disappears. Fi 3 UV tra of PbPc in DEMPA sol hydrolyzed witp€l
P : _Figure is spectra 0 cin sol hydrolyzed wi
One can notice in Fig. 2 that by the ultrasonic treat and different quantity of alcohol: (1) 3mIDEMPA/0.6 miB;

ment for long period the intensity of monomer band 2) 3 mipEMPA/0.6 mIH0/0.6 mIGHsOH; (3) 3 MIDEMPA/0.6 mi-
peaking at 669 nm significantly increases, instead foFH,0/1.6 mIGHsOH; (4) 3 MIDEMPA/0.6 mIH0/3.6 mIGHsOH.

bsorbance
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Comparing the monomer bands of PbPc in
DEMPA solution, DEMPA/GHsOH/H,O sol and
DEMPA/DPTMS gel, peaking at 669, 670 and 672 nm
respectively, ont a 3 nmred-shift for the monomer
is observed from DEMPA solution (669 nm) to gel
(672 nm). In our related study for SiP¢Qiloped in
SiO, matrix, a 14 nm red-shifted from sol to gel was
observed. This is attributed probably to the soft en-
vironment of PbPc surrounded by -Miroups. The
influence of ormosil matrix on the dopant is weak com-
pared with SiQ gel.

From these results, it is evident that the existence
of PbPc monomer in sol and gel greatly depend on
the high pH value of sol due to the presence of amino-
% 0 460 5(')0 6(|)0 7(')0 800 groups. However, the quantity ofBs0H has no effect

on the existence of PbPc monomer. Hence, we conclude
Wavelength (nm) that the monomer and dimer of PbPc are located in the

chemical environment surrounded by the amino-groups
Figure 4 UV/Vis spectra of PbPc in solution hydrolyzed with aqueous of DEMPA

HClI solution at pH=4, 8 and 12.

Absorbance

3.3. Existence of PbPc monomer in ormosil 4. Conclusion

It was found that the hydrolysis rate of PbPc/DEMPA Uniform composite of lead phthalocyanine doped or-
solution was very slow and it is necessary to keep morénosil by the hydrolysis of GFTMS and DEMPA can
than two months to form gel. In order to acceleratebe synthesized by selecting suitable alkoxy-silane con-
the hydrolysis rate of solution. GPTMS was added intataining aminogroup. PbPc monomer is restricted within
PbPc/DEMPA solution and hydrolyzed with the mix- the network of the gel matrixes. The PbPc monomers
ture of HO and GHsOH. Fig. 5 shows the optical €an be hold in sol and gel under the chemical condition
absorption spectrum of thus obtained gehdf.8 mm  Wwith high pH value due to the action of -NHgroup
thick. The bands at 608, 628, 672 and 716 nm are clearlyith H2O. The states of dimer and aggregation chang-
observed, and spectrum feature is very similar to thathd from PbPc monomers in the sol and gel do not take
measured in PcPb/DEMPA solution. The optical specPlace in an abundance of aminogroups. Such composite
trum and green color of the gel strongly indicate thatcontaining PbPc is expected to find application as lim-

the PbPc monomers are entrapped in the gel networkiter and optical electric device, which will be reported
in future papers.
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