F N AT e R

SaEehy Zg2 Aohde] vlolazst #4,
wlolazst AT 2 ol FAEA
E4o) BH AT




Ol

2

T

2006




Contents

Contents———=-——————=——————-—— - = - ——— oo 1
List of Tables——----------—-—=—"=~=—--———=-————=——————————=- v
List of Figures——--------———-———==~--——===—————-—————-—————-= v
Abstract---——----———---——-—---——=---——---oo oo —omo oo ix
AL A B 1
A2 A OB WA 3
p ) T A e L B 3
2-1-1. T2 Aold9 HA}—-——m e e 3
2-1-2. ZTgZAjolde & 4
2-1-3. TEE Aol AR FFR-—--—— T 5
2-1-4. $4HEF ZE2A D 7
2-1-5. OPC ¢ %" 11
A ] = R 14
2-2-1. 9lo]aAZHY EH-——--——-———m oo 17
2-2-2. FAA &4 NP e 19
2-2-3. wpolaz s G B R FH-—— 23
2-2-4. nfola g e AFHMIY A 27
A 3R EFEARY G 29
3-1. A4 2 mpolazs JAH FX--—— 29
3-2. T2 Aol FAJ-——-- e 31

821, AJQF oo s 31



3-2-2. AF WY - 31

3-2-2-. ARy ¥ - 31
3-2-2-2. wtol2ARZR} PYH-——-- 32
3-2-3 s¥&4--— 33
3-2-3-1. X-ray Diffraction-——-—-—--—------"--"""--------m—— 33
3-2-3-2. Scanning Electron Microscopy------——--————=~=~=~---- 33
3-2-3-3. Transmission Electron Microscope-——-———-====-=-=-—- 33
3-2-3-4. Fourier Transfer Infrared Spectroscopy--------—------ 34
3-2-3-5. UV-Visible Spectroscopy———----———-———————====—=~—- 34
3-2-3-6. 439 #7] @%A A3} PIDC FH-———————————-- 34
33488 9@ 3 F-—-- e 36
3-3-1. A ¢ npojazys 4 F& ¥ 36
332 AR ER-——— 41
3-3-3. 9HFx B 46
3-3-4 F2H EHJ-——- e 48
3-35 £348%y - 50
3-3-6. 3#BHY - 54
M43 ZF2ARY AR 56
O T I 56
4-2. Ay e 56
4-2-1. AR} AANHYF}-—-—- 56
422, AAN ABRG e 57
4-2-3. vpola 2 ARG} 57

424, BH BA 58



4-3. AT W T 60
4-3-1. AARB BA oo 60

4-3-2. FIATFE FA - 67
4-3-3, BABH B 73
A5 F 8 B 76
51, A AE e 76
5-2. MARB HE oo 78



Table 1.

Table 2.

Table 3.

Table 4.

Table 5.

Table 6.

List of Tables

Conversion for the development of OPC materials.——————-- 13
The yields of samples synthesized at various time with 400 W
of input power by using rapid microwave heating.--—----- 39
The yields of samples synthesized at various temperature
and time with various solvent by using the conventional and
microwave synthetic methods.-——-—-—-----------—--—-—- 40
PIDC datas of samples synthesized with various solvents at
130C for 1 h by using the conventional and microwave synthetic
methods.——-------~-—————————————— - ———— 55
PIDC datas of samples recrystallized with NMP/water mixing
solvent at various temperatures for 1 h using conventional and
microwave synthetic methods.~——--——---——--————"—--——- 74
PIDC datas of samples recrystallized at 80 C with various

solvents by using conventional and microwave heating---76



Fig.

Fig.

Fig.

Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

List of Figure

. Schematic representation of the typical molecular stackings of

divalent metal phthalocyanine: the a-form (a)-(c) and the B
~form (d)-(f). (a) and (d): projection on (010) plane; (b) and
(e): projection on (100) and (001) planes; (c) and (f): superposi-

tion of molecules related by translation along the b-axis.-——-- 6

. Mechanism of phthalocyanine formation from 1,2-dicyanobenzene.

. Main chemical synthetic pathway in phthalocyanine formation.--10
. Electromagnetic spectrum.—————--—-———-—~~=—~——————————— 16

. Behavior of microwave in the material: (A) transparent (non-

polar polymer, low-loss insulator and ceramics), (B) reflect (con-
ductor polymer, metal and conductor materials), (C) absorber (polar
polymer, dielectric ceramics, FeO, ZrO;, SiC etc.) and (D) selec-
tive absorber (matrix = low loss materials and fiber/particles/ad-

ditives = absorbing materials).—— ==~ -—————————~ 18

. Polarization mechanism by microwave heating: (a) electron pol-

arization, (b) atomic polarization, (c) orientation polarization and

(d) space charge polarization.~~—~-——~--————————=—=-—————— 21

. Typical response of the total polarizability of a crystal as a fun-

ction of electric field frequency.-———----------—-----=--————- 22

. The schematic representation of (a) conventional heating and (b)

microwave heating.————-————---~~=~———————————-——————— 25

. The schematic of dipole polarization under microwaves: (a) with-



out any constraint and (b) submitted to an alternating electric

field with microwave frequency.——————-—————-—-===—=————~- 26

Fig. 10. The schematic diagram of microwave system.———--~-———--— 30
Fig. 11. Yield trend of samples synthesized at various mol of urea with
1-octanol using conventional synthetic method.———----~--~~ 38

Fig. 12. XRD patterns of samples synthesized with input power of 400W
by using rapid microwave heating.-————-————-----———"—--———- 42

Fig. 13. XRD patterns of samples synthesized with quinoline at 170C
for 1 h by using (a) the conventional synthetic method and

(b) microwave synthetic methods.--———-----=-==---—————- 43

Fig. 14. XRD patterns of samples synthesized with NMP at 170T
for 1 h by using (a) the conventional synthetic method and

(b) microwave synthetic methods.———-——---——-=-——~=—-—~ 44

Fig. 15. XRD patterns of samples synthesized with 1-octanol at 170C
for 1 h by using (a) the conventional synthetic method and

(b) microwave synthetic methods————----------~——=-=-——~ 45

Fig. 16. SEM micrographs of the samples synthesized at 170C for 4 h
with (a) quinoline, (c) NMP and (e) 1-octanol by using the con—
ventional synthetic method and with (b) quinoline, (d) NMP and

(f) 1-octanol by using the microwave synthetic method.——--47

Fig. 17. FT-IR of samples synthesized with 1-octanol at 170TC for 1 h
by using (a) the conventional and (b) microwave synthetic
methods,————----------------———— 49

Fig. 18. UV-Visible aborption spectra of crude oxotitanium phthalocya-
nine synthesized with 1-octanol at 170'C for 1 h using by the

conventional and microwave synthetic methods.-———-----—-—-- 51

Fig. 19. UV-Visible aborption spectra of crude oxotitanium phthalocya-

vi



Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

21.

24.

nine synthesized with quinoline at 170C for 1 h using by the

conventional and microwave synthetic methods.——------———- 52

. UV-Visible aborption spectra of crude oxotitanium phthalocya-

nine synthesized with NMP at 170C for 1 h using by the
conventional and microwave synthetic methods.———------—--- 53
Flow chart for the phase transformation of oxotitanium phtha-

locyanines.———————————————=——-- - — 59

. XRD pattern of amorphous oxotitanium phthalocyanine prepared

by acid treatment.———---------—————————————————-————— 62

. XRD patterns of samples recrystallized with NMP/water mixing

solution at (a) various temperature for (b) various time by using
conventional heating.————-—-—-——--——-—-""-"""--"""""——————~— 63
XRD patterns of samples recrystallized with NMP/water mixing
solvent at (a) various temperature for (b) various time by using

microwave heating.————-—--————————————————————————————— 64

25 XRD patterns of samples recrystallized with NMP solvent at va-

26.

21.

rious temperature for 1 h by using (a) the conventional and (b)
microwave heating.-————-—————---——————————————-—-—————— 65
XRD patterns of samples recrystallized with chlorobenzene/water
mixing solvent at various temperature for 1 h by using the (a)

conventional and (b) microwave heating.———————————~=————— 66
TEM micrographs of oxotitanium phthalocyanines: (a) B phase,

(b) amorphous, (d) ¥ phase, (d) m phase and (e) a phase.-69

. TEM micrographs of samples recrystallized with NMP and water

mixing solvent at various temperature for 1 h by using conven-
tional heating ((a) 60°C, (b) 80T, (c) 100C) and microwave

vii



Fig. 29.

Fig. 30.

heating ((d) 60T, (e) 80T, (f) 100C).———~-———-——-———————- 70
TEM micrographs of samples recrystallized with chlorobenzene
and water mixing solvent at various temperature for 1 h by
using conventional heating ((a) 60T, (b) 80T, (c) 100T) and
microwave heating ((d) 60C, (e) 80T, () 100C).———————-—- 71
TEM micrographs of samples recrystallized with NMP at various
temperature for 1 h by using conventional heating ((a) 60C, (b)
80T, (c) 100T) and microwave heating ((d) 60C, (e) 80C, (f)

viii



A Study for the Microwave Syntheses and Microwave
Recrystallization of Oxotitaum Phthalocyanine and It's

Photoconducting Properties

Chae-Ho Hwang

Department of Polymer Engineering, Graduate School,
Pukyong National University

Abstract

Microwave technology has been applied in such varied fields as drying,
food processing, organic synthesis, ceramic processing, composite joining,
decomposition processing and waste treatment because of the inherent
advantages of microwave heating, which is selective, direct, rapid,
internal, and controllable. The heating effect associated with microwaves
in chemical reaction is mainly due to dielectric polarization such as
dipolar and interfacial polarization, although superheating can also be
important at rapid heating. However, few studies have been reported
about the influence of microwave field in the synthesis of organic
crystalline materials. It is predicted that the primary nucleation, crystal
form and morphologies of organic crystalline materials may be influenced
through the microwave field induced orientation.

The preparation of nanocrystalline materials has been attracting much
interest because of their unique characteristics and applications. Also,
nanocrystalline particles in organic polymer or inorganic glass thin film
are currently of a particular interest in the application for photoelectronic
devices. Over the past decade, phthalocyanine compounds have been
found to be promising materials as organic pigment, chemical sensor,
electro-chromic display device, photoconductor, photoreceptor, optical
recording media and catalysis. It has been reported that photoconductivity



depends upon the crystal form and particle size of phthalocyanine.

In the present study, the conventional and microwave syntheses have
been applied at various temperature and time with various organic solvent
to prepare crude oxotitanium phthalocyanines (TiOPcs). Next,
thefeasibility of preparing nanocrystalline TiOPcs from crude TiOPcs
using acid treatment and liquid—-phase direct recrystallization under the
microwave irradiation has been investigated. Different crystal structures
and morphologies of TiOPc were obtained successfully through the
microwave synthesis, acid-treatment and recrystallization method. The
nanocrystalline TiOPcs prepared in various conditions were characterized
by the means of an X-ray diffractometry (XRD), a transmission electron
microscopy (TEM), Fourier transfer infrared spectroscopy (FT-IR),
UV-visible spectroscopy and a photoconductivity measuring device. Also,
microwave non-thermal effects were investigated during the synthesis,
acid-treatment and recrystallization.
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Fig. 1. Schematic representation of the typical molecular stackings of
divalent metal phthalocyanine: the a-form (a)-(c) and the B
~-form (d)-(f). (a) and (d): projection on (010) plane; (b) and
(e): projection on (100) and (001) planes; (c) and (f): superposi-

tion of molecules related by translation along the b-axis.
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Table 1. Conversion for the development of OPC materials.

Year Content

1960 - Study for OPC material

- Discovering of PVCz-TNF system
1970 - Conductors used some PVCz systems
- Double layer conductor used PVCz/Se system

- Use of CGL/CTL double layer

1980 .
- Negatively double layer OPC

Positively single layer OPC

1990 .. )
Digital single layer conductor

13
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Fig. 4. Electromagnetic spectrum.
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Transparent

B
Reflect
c
Absorber polar
D

Selective Absorber (Mixed)

Fig. 5. Behavior of microwave in the material: (A) transparent (non-
polar polymer, low-loss insulator and ceramics), (B) reflect (con-
ductor polymer, metal and conductor materials), (C) absorber (polar
polymer, dielectric ceramics, FeO, ZrO;, SiC etc.) and (D) selec-
tive absorber (matrix = low loss materials and fiber/particles/ad-

ditives = absorbing materials).
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Fig. 6. Polarization mechanism by microwave heating: (a) electron pol-
arization, (b) atomic polarization, (c) orientation polarization and

(d) space charge polarization.
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Fig. 7. Typical response of the total polarizability of a crystal as a fun-

ction of electric field frequency
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Fig. 8. The schematic representation of (a) conventional heating and

(b) microwave heating.
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Fig. 9. The schematic of dipole polarization under microwaves: (a) with—
out any constraint and (b) submitted to an alternating electric

field with microwave frequency.
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Fig. 10. The schematic diagram of microwave system.
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3-2-3-3. Transmission Electron Microscopy
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Fig. 11. Yield trend of samples synthesized at various mol of urea with

1-octanol using conventional synthetic method.
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Table 2. The yields of samples synthesized at various time with 400 W

of input power by using rapid microwave heating.

Solvent P?v‘(‘,’f' (Tr'nr?ne) Yield (%)
3 61.34
Quinoline 400 4 76.68
5 61.13
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Table 3. The yields of samples synthesized at various temperature
and time with various solvent by using the conventional and

microwave synthetic methods.

Condition Conventiénal Microwaye
Synthesis Synthesis
Solvent T(fgp Tg]n)e Yield (%) Yield (%)
130 4 40.11 41.50
150 4 73.62 74.73
1 71.20 7217
Quinoline 170 4 78.90 75.64
8 76.89 78.00
190 4 80.08 77.59
210 4 75.08 78.14
130 4 28.52 30.74
NMP 150 4 42.05 42.68
170 4 52.87 48.78
130 4 62.80 61.34
Octanol 150 4 84.59 76.68
170 4 62.80 61.13
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Fig. 12. XRD patterns of samples synthesized with input power of

400W by using rapid microwave heating.
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Fig. 13. XRD patterns of samples synthesized with quinoline at 170TC
for 1 h by using (a) the conventional synthetic method and

(b) microwave synthetic methods.
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Fig. 14. XRD patterns of samples synthesized with NMP at 170T
for 1 h by using (a) the conventional synthetic method and

(b) microwave synthetic methods.
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Fig. 15. XRD patterns of samples synthesized with 1-octanol at 170C
for 1 h by using (a) the conventional synthetic method and

(b) microwave synthetic methods.
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Fig. 16. SEM micrographs of the samples synthesized at 170C for 4 h
with (a) quinoline, (¢) NMP and (e) 1-octanol by using the con-
ventional synthetic method and with (b) quinoline, (d) NMP and

(f) 1-octanol by using the microwave synthetic method.
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Fig. 17. FT-IR of samples synthesized with 1-octanol at 170C for 1 h
by using (a) the conventional and (b) microwave synthetic

methods.

49



3-3-5. ¥3%3 54

u

nu

8 §uiE ALE3ste A2 ¢ vlolaz g FAPoR FAHE NBE
] &3 EAL AHR7] 939 tetrahydrofuranol] £3jA171 8 A E)
1252 110" 352 243 %2 Figs. 18~200) JelbAt. Foi 2
agel A Al FAE vlolaR ) AW oste] FAHE AREY
Fode g &4 33 oF 688 nmE 2F FUEA uelwA g
quinoline® &2 A3 UV AHEY ¢ Lufo Hg] Yoz W
o dojz Alme AA A7) AolZ U Bujo &Aoo TS &

F Qe

{o

Lo

>

50



0.8 conventional
© microwave
@ 0.6
)
=
3
s 0.4
R
b
(~-1
0.2
o'o 1 1 lk
400 500 600 700

Wavelength (nm)

Fig. 18. UV -Visible aborption spectra of crude oxotitanium phthalocya-
nine synthesized with 1-octanol at 170°C for 1 h using by the

conventional and microwave synthetic methods.
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Fig. 19. UV-Visible aborption spectra of crude oxotitanium phthalocya-
nine synthesized with quinoline at 170C for 1 h using by the

conventional and microwave synthetic methods.
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Fig. 20. UV-Visible aborption spectra of crude oxotitanium phthalocya-

nine synthesized with NMP at 170C for 1 h using by the

conventional and microwave synthetic methods.
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Table 4. PIDC data of samples synthesized with various solvents at
130°C for 1h by using the conventional and microwave synthetic

methods.

Charge
Dark Decay PIDC
. Acceptance
Condition

Vopp DD1 | DD5 Eie Ew Vr
(V) (%) | (%) |(u)/cm)|(u}/cm)| (V)

) quinoline| 629.32 943 | 84.2 | 0.393 | 5392 | 55.07
conventional

synthestic NMP 698.37 986 | 957 | 0537 | 6.154 | 50.48
method

1-octanol| 709.94 986 | 949 | 0.242 | 0.801 | 35.24

quinoline| 608.54 9.4 | 90.0 | 0396 | 4372 | 47.85

microwave
synthetic NMP 676.18 99.0 | 965 | 0.721 |10.193 | 68.19
method

l-octanol| 699.83 989 | 95.7 | 0.258 | 1.066 | 39.20
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Fig. 21. Flow chart for the phase transformation of oxotitantum phtha-

locyanines.
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Fig. 22. XRD pattern of amorphous oxotitanium phthalocyanine prepared

by acid treatment.
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Fig. 24. XRD patterns of samples recrystallized with NMP/water mixing
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microwave heating.
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Fig. 25 XRD patterns of samples recrystallized with NMP solvent at va-
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Fig. 27. TEM micrographs of oxotitanium phthalocyanines: (a) B phase,
(b) amorphous, (c) ¥ phase, (d) m phase and (e) a phase.
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Fig. 28. TEM micrographs of samples recrystallized with NMP and water
mixing solvent at various temperature for 1 h by using conven-

tional heating ((a) 607C, (b) 80T, (c¢) 100C) and microwave
heating ((d) 60C, (e) 80T, (f) 100T).
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Fig. 29. TEM micrographs of samples recrystallized with chlorobenzene
and water mixing solvent at various temperature for 1 h by

using conventional heating ((a) 60C, (b) 80C, (c) 100C) and
microwave heating ((d) 60T, (e) 80C, (f) 1007TC).
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Fig. 30. TEM micrographs of samples recrystallized with NMP at various

temperature for 1 h by using conventional heating ((a) 60C, (b)

807C, (c) 100C) and microwave heating ((d) 60T, (e) 80C, (f)
1007C)
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Table 5. PIDC data of samples recrystallized with NMP/water mixing

solvent at various temperature for 1 h using conventional and

microwave synthetic methods.

Charge
A . Dark Decay PIDC
Condition ceeptance

Vopp DD1 | DD5 | Eie Eio VE

(V) (%) (%) |(uJ/cm)|(u)/cm)| (V)
60T 662.6 97.1 894 | 0.152 | 0.464 | 3894
Conventional| 80T 669.63 978 | 979 | 0275 | 1.106 | 44.64
100C 666.3 97.3 904 | 0315 | 1.269 | 458

60T 660.1 9%6 | 974 | 0.144 | 0.423 | 38.31
Microwave | 80T 612.22 938 | 784 | 0.136 | 0.0414 | 37.88
100C 628.46 94.8 81 0.15 | 0468 | 38.66
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Table 6. PIDC data of samples recrystallized at 80°C with various

solvents by using conventional and microwave heating

Charge

Dark Decay PIDC
Acceptance
Phase

Voop DD1 DD5 Eie Eiwo VE

(V) (%) (%) | (u}/em) | (u)/cm)| (V)
B 645.66 93.3 81.9 1.022 6.436 64.89
Amorphous 681.28 96.6 89.8 0.784 4.667 52.27
a 669.63 97.8 979 0.275 1.106 44.64
m 612.22 93.8 78.4 0.136 0.414 37.88
¥ 725.59 994 97.8 0.083 0.249 43.23
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