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ABSTRACT

Phthalocyanines possess remarkable properties which render them important
functional materials. In particular, their stability towards heat, light and chemicals
have ensured their potential applications in electrophotography, optical data storage
systems, gas sensing device, photovolatic cells, electrochromic displays and in
photodynamic therapy of certain type of cancer. Therefore the design and synthesis of
new phthalocyanine compounds to meet the need of different applications attract
many organic chemists.

We designed and synthesized a series of novel asymmetrically substituted
amphiphilic phthalocyanines(ASPc) in order to meet the demand of the deposition of
LB film and the investigation of the gas-sensing properties . We studied spectroscopic
properties of phthalocyanines and compared the film-forming behavior of different
type of phthalocyanines on the gas-liquid interface. The structure of LB film ASPcs
were characterized by uv-vis absorption spectra , polarized uv-vis absorption spectra
and low angle x-ray diffraction. The relationship between the gas-sensing properties
and film structure was systematically investigated by changing the structure of
phthalocyanines, the deposition condition and heat pretreatment. Some interesting
results were obtained. The results were briefly illustrated as follows:

1. The design and synthesis of phthalocyanine compounds

Sixteen phthalocyanines including six novel asymmetrically substituted
amphiphilic phthalocyanines and twenty intermediates were synthesized and their
structures were characterized by uv-vis absorption spectra, IR spectra, 'HNMR and
EPS-MS or TOF-MS. The post-treatment was simplified and the purity of target
product was improved.

2. The spectroscopic properties of phthalocyanine compounds

The UV-Vis absorption spectra and phothphysical propertis of six ASPcs and
seven symmetrically substituted phthalocyanines(SPc) were investigated. We also
studied the aggregation behavior of five alkoxy phthlocyaninozinc complexes in THF-
H,0 mixed solvent. It was indicated that the position, number and the chain length of
subsitutents show significant influence on the absorption spectra and the aggregation
behavior. The S, emission of octa-subtituted phthalocyanines with substituent on -

position was observed for the first time.
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For both symmetrically and asymmetrically substitqted phthalocyanines, the Q-
band was red shifted when subsituents were on a-position. There is no significant
difference in Q-band absorption between the octa-substituted and tetra-substituted
phthalocyanines. The results may be explained by the theory that the energy gap
between HOMO(a,,) and HUMO(e,) was influenced by the position of subsituents on
phthalocyanine macrorings. ASPc possessed longer Q-band absorption compared with
symmetrically substituted phthalocyanines. For the metal free phthalocyanines, the
longer the Q-band absorption, the small the A value of the Q-band splitting width. For
example, the Q, absorption 6f 8S-0-C5Pc and AS-a-C5Pc only appears as a shoulder.

The photophysical procrsses of four symmetrically substitute phthalocyanines
were studied by fluorescence spectroscopy and single-photon counting technique.
Their fluorescence quantum yield in benzene solution were measured. All of them
have relatively strong s; emission with small Stokes shift. We observe strong s,
emission in 8S-B-C8Pc and 8S-B-C8PcZn solution for the first time and the
fluorescence lifetime showed two exponential decay.

The aggregation properties of zinc phthalocyanines substituted with alkoxy chain of
various length have been studied. It is believed that the driving force of aggregation is
hydrophobic interaction. The critical solvent composition for aggregation C® and critical
aggregate concentration CAC as well as average aggregate number(n) and aggregate
constants(K) have been determined. It was found that the phthalocyanine with straight
long alkoxy chains prefer to form dimers in THF-H,O mixed solvent, the longer the
alkoxy chain, the stronger the aggregation tendency with higher aggregation constant.

3. The deposition and characterization of phthalocyanine LB films

The film-forming properties of phthalocyanines monolayer on gas-liquid
interface and the multilayers on the solid substrates were characterized by n-A
isotherm, Brewster Angle Microscope(BAM), polarized uv-vis absorption spectra and
low angle x-ray diffraction. It was shown that the introduction of hydrophilic
substituents to phthalocyanine macrorings improve the film-forming properties
distinct. At the same time the ordered structure of ASPc LB films was effected by the
number, position, chain length of subsituents and central metals.

+ The film-forming properties of eight phthalocyanines with different structure on

gas-liquid interface were investigated by n-A isotherm. It was shown that the film-

VI
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forming behavior was controlled by the position, chain length of substituents and
central metals. The monolayer of phthalocyanines only bearing hydrophobic
substituents was not very stable on gas-liquid subphase. The film-forming properties
was significantly improved by the introduction of hydrophilic and hydrophobic
substituent simultaneous . Without changing the position of hydrophilic sustituents,
the film-forming property of phthalocyanines bearing hydrophobic substituents on B-
position was superior to that on a-position, The monolayer was more stable on the
gas/liquid interface for phthalocyanines with longer carbon chains. A plateau was
observed in m-A isotherm for AS-B-CS5Pc and AS-B-C8Pc, corresponding to the
rearrangement process of molecules on the subphase and it was validated by BAM.
There was no such rearrangement process for AS-B-C5PcZn and AS-B-C8PcZn .

« The multilayers of six ASPcs and a symmetrically substituted phthalocyanine
were fabricated by vertical lifting method and the structure of ASPcs was
characterized by uv-vis absorption spectra, polarized uv-vis absorption spectra and
low angle x-ray diffraction.

For the phthalocyanine bearing hydrophobic and hydrophilic substituents on a-
position, the absorption spectrum of its LB film was red-shifted compared with that of
its solution, indicating the head-to-tail aggregation between the adjacent layers.
However, for the phthalocyanines bearing hydrophobic substituents on the B-position
and hydrophilic substituents on the a-position, the absorption spectra of their LB
films were blue-shifted compared with those of their solutions, indicating the face-to-
face aggregation within each layer.

The orientation angle of phthalocyanine macroring to the substrate was measured
by polarized uv-vis absorption spectra. It was shown that the angle was about 60° for
the films of AS-B-C5Pc,AS-B-C8Pc, AS-B-C5PcZn, AS-B-C8PcZn and AS-C5Pc,
that was to say the phthalocyanine macrorings tilted on the substrates. However , the
phthalocyanine macrorings were almost perpendicular to the substrate with increasing
deposition surface pressure. Th e orientation angle is about 85° for the film of AS-a-
C5Pec.

The ordered structure of the LB films were confirmed by low angle x-ray
diffraction. LB films of AS-B-C5Pc,AS-B-C8Pc, AS-B-C5PcZn and AS-B-C8PcZn
show clearly Bragg diffraction peaks, indicating well ordered layer structure. For the

VI
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films of AS-C5Pc and AS-a-C5Pc¢, no significant diffraction peak was shown,
consistent with not well-ordered layer structure. Based on the film thickness and
orientation angle of macroring to the substrates, we concluded that the
phthalocyanin emacroring tilted to the substrate with an angle of 60° and the alkoxy
chains were almost perpendicular to the substrate with overlap between the adjacent
layer to some extent.

The results from both the low-angle diffraction and polarized uv-vis absorption
spectra confirmed that the plateau in the n-A isotherm of AS-B-C5Pc corresponds to
the rearrangement process of molecules on the subphase.

« The changes of absorption and structure of LB films after hear-treatment were
studied. We observed the influence of central metal on the thermal-molecule-
rearrangement of phthalocyanine LB films for the first time. The absorption spectra of
metal free phthalocyanines show little change after being heat treatment. For the LB
films of phthalocyaninozinc complexes, the absorption peak of monomer decreased
and that of dimer increased after hear treatment, indicating the increasing number of
aggregate and a more ordered and closely-packed film structure.

4. The gas-sensing properties of asymmetrically substituted amphiphilic
phthalocyanine LB films

The electrical and gas-sensing properties of ASPc LB films were studied. The

gas-sensing properties of LB films with different phthalocyanine structure, deposition
condition and pretreatment were investigated. The LB film of AS-B-C5Pc has strong
response signal to 1ppm NO, with fast and complete recovery at room temperature,
thus making it more suitable to be used as gas-sensing materials to detect NO, in air
pollution. AS-B-C5PcZn LB film has a weak response behavior to NO; but strong
response to NH3.

. The position of substituents on the phthalocyanine macrorings has strong
influence on the gas-sensing properties of LB films. The films of AS-C5Pc and AS-a-
C5Pc with less-ordered structure shown very weak response to ammonia and not very
strong response to nitrogen dioxide. As to AS-B-C5Pc and AS-B-C8Pc, LB films of
them had very strong and fast response to lppm NO; at room temperature with
complete recovery showing promising gas-sensing properties.

« The influence of chain length of hydrophobic substitutents to the gas-sensing

Vil
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properties was studied. The longer the chain length, the lower the film conductance
and response signal, it may be ascribed to the longer substituents hindered the n—n
interaction between phthalocyanines macrorings and thus the flow of charged carrier
was retarded.

. The influence of center metal to the gas-sensing properties of phthalocyanines LB
films was studied. AS-B-C5Pc LB film shown strong response to nitrogen dioxide and
weak response to ammonia, while the film of its zinc complex shown strong response
to ammonia and weak response to nitrogen dioxide. For the first time we gave an
reasonable explanation to the conductance increase of AS-B-C5PcZn LB films after
the adsorption of ammonia.

. Molecules in the films deposited at higher surface pressure packed more tightly
than that deposited at lower surface pressure. The former showed weaker and slower
response to nitrogen dioxide than that of the latter. It was the first time that the
influence of surface pressure on the gas-sensing properties was investigated.

. The magnitude of the response was dependent upon the LB dipping direction
relative to the arms of the electrodes. When the dipping direction was parallel to the
arm of the electrodes, the gas-sensing signal was 6-8 times larger than that of films
with deposition direction perpendicular to the arms of the electrodes consistent with
conduction being favored along the axes of the stacks of AS-B-C5Pc molecules.

. Heat pretreatment of the AS-B-C5PcZn LB films had significant influence on
their gas-sensing properties. The film annealed at 150°C for 1hour showed weaker and
slower response than the film without being annealed, it maybe ascribed to the more

tightly packed film structure after heat pretreatment.
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BEATEHAHE, HEEEARESWESIMEKET LMHERIAE,
FTEERAMNAIE. RTUE —RABEMNAEXREEINAZNE
BFranklin , 7Efh 1774 4 REEFRFSNE LMD, RS THHELRS
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i 745 R O A PR R TR AT T4 R AS PRV 0 Languir AKHERO4ETS . 76 1891 4F 10 (E4R)
B, WAET KBTI 5 R R AR K E L E K
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THEET R EREARGER L, MRMAERER REEN-ERBL.
B M SRR St R iR, (ER R BITIE S M EERE
REERI BT, AR RNSANERRS A SHEMERY 0.220m’ .
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R EHERE RS TEMBERENY Iom'’. Rayleigh M4 TFEM LI,
EUZNARE ERIIE— NI ERR. IE A0 TFEX—MESELKENE
REZFREEMEZ —MAANIFIT ZEZ.

K LHRASTERNELEMBLZES 1917 £ B L.Langmuir BEEH.
Langmui 7 T BUEfLR B FRBIGHERNE, BRFFEAERBERET. Eik
7% ( Basic Properties of Solids and Liquids » K¢ XHIE &9+, MNAEBT
BT B R R, BATERZ A Langmuir JERF, U8 T el AR F
KR BAE LFRRAD. BRIEE. BdFERA—-RFIBHBRLEY,
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1919 4 Languir M2 4% K Blodgett £ — X LI T AR B2 4 F B MK
o B A E R BRI, T EAITANXER RS T BB E AR fREE R
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XESBESTEERNE—METU/RRE. 1934 4E Langmuir #1 Blodgett” & /Kl
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.
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TR S T BRI NI, SRR LS A A RHS, BT 8%
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Surface Pressure(mN.m™)

Area Per Molecule(nmz.molecule")
Fig 1.1.1 The scheme of surface pressure/Area isotherm
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