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The Study for Behavior of Phase Transformation and
Nanocrystallization on the Fabrication of Color

Filter Materials used in Flat Panel Display

Jae Hwan Kim

Department of Polymer Engineering, The Graduate School,

Pukyong National University

Abstract

Nano-sized e-phase copper phthalocyanine (e=CuPc) has ‘been used as high
quality liquid crystal display (ICD) color filter material due' to its unique
reddish blue and bright hue. The production of nano-sized e-CuPc is
dependent on several factors such as shear force, solvent, temperature and
the presence of a suitable derivative.

In this study, crude e-CuPc was synthesized by seed process ,and chemical
structure of e-CuPc was confirmed by utilizing infrared spectroscope. Then it
was grounded up to nane scale using various condition such as solvent and
milling speed. Particle size;.shape and crystalline ‘structure were compared and
evaluated after particle size reductions by using transmission electron
microscope (TEM) and X-ray diffractometer (XRD). Also the behavior of
phase transformation of nano-sized e-CuPc was investigated in various
condition such as solvent and temperature. Finally, dipersion and thermal
properties of samples were analyzed by particle size analyzer (PSA) and

thermogravimetry—differential scanning calorimeter (TG-DSC), respectively.
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2-1. Phthalocyanine

2-1-1 Phthalocyanine® %A}

(K

IR Alopd & uke 7| Folgke 18] ©@o] €] naphthast & Thet
cyanine®] W@ojZ o] FolxQtt. ZEEAJobd 2 FAE o] foju}b by,

da T AR AREEHIT Ak 19073 ZY¥E Aol "The

Lo

South Metropolitan Gas Company (London)”ol 4 Braun¥ Techemiac©l
oA A3 FA ATt 1L phthalamide®} acetic anhydride & +-E

TFE o)X= 1.2-cyanobenzamide®] 4SS - Fala ZEfado] =] ¢

%

= & 229 metal-free phthalocyanines A gtHb5], 1927\ 9
copper phthalocyanine (CuPc)< de Diesbach ¢} Von der Weirell 2|3} A
dibromobenzene®} CuCNCO &ZH-H 1.2-dicyanobenzenes Y=+ X334
AN $A3] - wHES]HTH6].  Linstead®t Lo FEES 193349
phthalocyanines®] F+39} 545 241s-ATH7-10]. Robertson< X-ray
diffractometry = ©]-&3}o] t}%3k phthalocyanines®] AR F+x2E A-s
ATH11-14]. 19294, phthalocyanined A XA 314 3j¥©&  Scottish
Dyes Ltdell <9Jsle] olg77F H Ak 19359 "The Imperial Chemical
Industries”s=  CuPcg®  AAkst7] A#fslen, 1 %2 1L G
Farbenindustrie(1936)¥} Du Pont Company(1939)el 4 ®WHE7]  A] ZFaf A
AR Z AAS] B oA AikEa A TH15~22].
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Table 1. Peak angles of XRD patterns with CuPcs

a ¥ 8 e R X b5 0] B
@2e) @) @) @) 2o 26) @6 (26) (20)
6.8 6.5 7.7 7.6 7.6 7.7 5.1 5.0 7.0
7.2 7.4 10.1 9.2 9.1 95 7.0 8.7 9.2
9.9 9.7 10.1 11.4 14.2 14.2 8.8 10.0 10.5
155 10.4 11.8 14.2 16.8 175 9.1 17.3 12.5
16.2 15.9 17.6 17.1 175 10.0 18.4 18.1
24.0 21.3 23.5 175 20.4 23.2 185
24.9 23.8 25.4 20.6 21.9 25.4 21.3
26.6 24.9 213 23.6 26.8 23.5
2715 26.3 21.8 27 0 285 26.0

26.3 23.6 28.4 21.8
21.7 25.9 30.2 30.3
30.3 28.7
30.1




2-1-2-1 o TZEEAold

v} acid pasting™ %+ acid slurryHell ¢

2de717] 4. Fig. 2° yet

shom, [0011d

g0l

B

Ly By Dig-33 &

o) Re)
&+

Foz

Ve vl A Arhelm ) ARk F Al R R AR o] It






Counts

10 20 30 40

2 Theta

Fig. 3. The XRD patterns of a-crystal CuPc.
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Fig. 7. ' The scanning electron microscopy micrograph of

Cu-phthalocyanines crude.
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2-2-3. TFT-LCD

TFT (Thin Film Transistor)® AAI23 EMAAH(EFET : Field
Effect Transistor)?] MOS(Metal Oxide Semiconducter) FET¢ dZFo =7
FE 7] o v AAAYE 5o HteAwS FAAA of7]d FETT+Z%

ol flom, 7IHa ef7h wiizel FohshrlsAE skt B, WA o] 7]

Ag3tslar, AbAdolA 82¢21%x HDTV TFT LCD/REe] AFstds @o
At A LCD AAbo] @& FxE5 thA] 7] A 23t
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Fig. 9. The structure of liquid crystal display.
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Fig. 12. FT-IR spectra of e-copper phthalocyanine.
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Fig. 13. UV-Visible absorbtion spectra of the e-CuPc in NMP.
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Table 2. The phase and vyield of CuPcs at the various solvent

conditions

Sample (a) (b) (c) (d) (e) (f) (g)

Solvent TEG ~ EG  Sulforan 2Moro ppq ppg DEG
benzene
Solvent volume
50 50 50 50 50 100 150
(ml)

Yield (%) 69 68 - - 71 65 56

Crystal phase ety e+0 - - e e e
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Fig. 15. XRD patterns of the ¢-CuPcs prepared by using various
solvent; (a) TEG, (b) EG, (e) DEG 50 ml, (f) DEG 100 ml and

(g) DEG 150 ml.
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Table 3. The phase and yield of the CuPcs

at the various temperature

conditions
Sample (a) (b) (c) (d) (e) (f) (g)
heating rate
(C/min) 5 3 1 1 1 1 1
Reacting
temperature 100 100 100 115 130 145 160
(C)
Yield
©6) 30 37 40 45 65 70 72
Crystal phase a+ e b Wl e € e e etf3

_58_



2000

(2)
LR
1500 \/ a
£
L]
5 1000
Q
500
0
10 20 30 40
2theta degree
2000
(b)
LIRS
1500 Y q
2z
5 1000
=]
Q
500 e
m s
0
10 20 30 40
2theta degree
2500
(OR
€
2000| @
& 1500
Z
=]
=
=]
© 1000
500
0
10 20 30 40
2theta degree

Fig. 16. XRD patterns of the e-CuPcs synthesized at 100 C for 2
h at various heating rate; (a) 5 C/min (b) 3 C/min and (c) 1 C

/min.
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Fig. 17. XRD patterns of the &-CuPcs synthesized for 2 h at

various reaction temperature; (a) 115 C, (e) 130 C, (f) 145 C

and (g) 160 C.
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Fig. 18. Yield trend of the &-CuPcs synthesized in the

microwave and conventional method; (a) at various temperature

and (b) for various time.
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Fig. 19. XRD patterns of the e-CuPcs synthesized at 130 C for

2 h in (a) conventional method and (b) microwave method.
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Fig. 21. TEM micrographs of ¢-CuPcs synthesized at 130 C for

2 h with (a) 4-nitrophthalonitrile and (b) normal e-CuPcs.
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Fig. 22. Schematic of e-CuPcs stacking (a) normal e-CuPc and

(b) e-CuPc synthesized with 4-nitrophthalonitrile.
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Fig. 23. TEM micrograph;b—f—‘e—CﬁP?:_s_ after milling with various

solvent; (a) DEG, (b) methanol, (c) IPA and (d) ethanol.
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Fig. 24. XRD patterns of the £-CuPcs after milling with various

solvent; (a) DEG, (b) methanol, (c) IPA and (d) ethanol.
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Table. 4 Crystal phase and crystallite size of the e-CuPc after milling

by XRD analysis

Sample (a) (b) (c) (d)
Solvent DEG Methanol IPA Ethanol
Crystalline a: 16 a - 49 a: 21 a: 12
phase® (%) e &4 e : 51 e 79 e 82
Crystallite size
21 5 13 12

(nm)”

¢ peak intensity at 260 = 6.8° + 0.2°>(a phase) and 260.= 7.6° + 0.2° (¢ phase)

b obtained by Scherrer equation
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Fig. 25. TEM micrographs of &-CuPcs after milling with

methanol solvent for various milling time.
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Fig. 26. XRD patterns -of the e=CuPcs -after milling with

methanol solvent for various milling time.
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Table. 5 Crystal phase and crystallite size of the e-CuPc after milling

by XRD analysis (solvent : methanol)

Milling time Oh 24h 48h 72h
Crystalline a:4 a: 13 a: 32 a - 49
phase” (%) e 9 e . 86 e . 68 e 5l
Crystalhti size a3 13 7 6
(nm)

¢ peak intensity at 260 = 6.8° + 0.2° (a phase) and 20 = 7.6° + 0.2° (¢ phase)

b obtained by Scherrer equation
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Fig. 27. TEM micrographs of e-CuPcs at various milling speed.
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Fig. 28. XRD patterns of the e-CuPcs at various milling speed.
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Table. 6 Crystal phase and crystallite size of the e-CuPc at various

milling speed

Milling speed

200 400 600
(rpm)
Crystalline a:9 a: 22 a: 12
phase® (%) e 91 e 78 e 88
Crystalhti size 13 1 16
(nm)

? peak intensity at 260 = 6.8° £ 0.2° (a phase) and 20 = 7.6° + 0.2° (¢ phase)

b obtained by Scherrer equation
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fast, (b) too slow and(c) appropriate.
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. s 2 Y.

Fig. 30. TEM micrographs of the £-CuPc recrystallized at various
temperature for various solvent; (a) before recrystallization, (b)
DMF, 25 T, (d) n-butanol+toluene+water, 25 C, (e) n-butanol+
toluene+water, 87 C, (f) NMP+water, 25 C and (g) NMP+water,
87 C.
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Table. 7 Crystal phase and crystallite size of the e-CuPc recrystallized

at various temperature for various solvent

Sample (a)° (b) (c) (d) (e) (f) (g)
Solvent B DMF n-butanol+ NMP
olve + water toluene+water + water
Temf%rf‘mre = 25 1557 25 87 25 87
Crystalline a @ 27 3 3 a:20 a:11 a:21 a:15
phase® (%) e : 73 e:8 €:8 e:7 ¢:8
Crystallite 12 y - 13 1 13 18

size (nm)”

“ peak intensity at 260 = 6.8° £ 0.2° (a phase) and 20 = 7.6° + 0.22 (¢ phase)

b obtained by Scherrer equation
¢ before recrystallization

d .
azeotropic temperature

_86_



J4-3-4. A3 Test

AL e g EAoMY crude B b= HA AALE geldtr] 9
3t Hoover's muller7] & ©] 83} olmllf 3 goll k= 05 g& #4HA]
A st AAHL el ¥ TAe} Hlasle] Fig. 310 e
3, HAE Testg & TiO: 39619 1 g3 ks 0.1 g& obnklo
AN A A A Fig. 320 YERAATH

Fig. 31l vebd 213 o] crudedl A5 Mo =7 ¥om, MdAdgst
Al E7E 9, AR Sol AAo] ghds] g HAoew, &g RS T
st MAIH L FFol 48 TAE A9 AR A =S 71
Wi RS Q3 E3hFig. 320 kel A3 go] Zalof] 7 -$-of A

5 AA%o) PyEon, guNeE AX TR §5 34

_87_



@ (b) () (d)

Fig. 31. Color test of the &-CuPcs; (a) &-CuPc crude, (b) ¢
-CuPcs after milling, (c) commercial e-CuPc and (d) &-CuPc

after recrystallization.
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I H
Fig. 32. Color (stain) test of the e-CuPcs; (a) e-CuPc crude, (b)

e-CuPcs after milling, (c) commercial e-CuPc and (d) e-CuPc

after recrystallization.
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Fig. 33. Particle size analysis of e-CuPc after milling.
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