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The study for the synthesis and characteristic of optical
functional materials used in the display panel

using microwave energy

Dae—Hee Son

Department of Polymer Engineering, The Graduate School,

Pukyong National University

Abstract

Phthalocyanines are one of the most. famous pigments because of
their thermal and chemical stability. They have been used for dyes,
ink and other colorants since 1930s. After it has been discovered
nonlinear optical character of phthalocyanine, many researchers have
investigated and synthesized. to apply many fields such ‘as chemical
sensor, photovoltaic -cells, xerography, optical disk, non-linear optics
and display materials, “etc.

The microwave processing has been applied in pulp drying, food
cooking, organic synthesis, ceramic sintering, composite joining and
chemical analyses because of the inherent advantage of microwave
heating, which 1is selective, direct, rapid, internal and controllable.
Microwave processing iIn organic synthesis leads some advantages
such as high yield and reducing reaction time, clean product comparing
with conventional method.

In this study, e-type copper phthlaocyanine used as LCD color filter

_ix_



and subphthalocyanine derivatives applied as PDP neon cutting
material were synthesized at various conditions by microwave
synthetic process and conventional synthetic process. The polymer film
containing subphthalocyanine derivatives were made as neon cutting
film of PDP and its optical property was investigated.

Successful synthesis of sample was confirmed by H-NMR and
FT-IR. UV-Vis property was measured by UV-VIS spectroscopy.

Also, crystal structure was determined by XRD.
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Figure 1. The molecular structure of phthalocyanine.
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2-1-2 Copper phthalocyanine

1927'd 9l copper phthalocyanine(CuPc)= de Diesbach ¢ Von der Weirel

e

o) 34 dibromobenzene® CuCNO ZHE 1.2-dicyanobenzenes "=+ %
HAo A FrEoxlom §-A3%] 23% 8= F&E CuPcs: @A ok 19284
o & Scottish Dyes LtdellAl 2 FZ A} phthalic anhydride®} ammonia@ 5
B phthalimideE ¥4 3t & 34 EF9 iron phthalocyanines #713%
5

],

3, Robertson> X-ray diffractometryS ©]83lo] v}k phthalocyanines

-

o
ofr
32

2Tt 19337 ¢ Linstead®} % &+ phthalocyanines 7% EA4S +
o] AAFzE ATadrk 19299, phthalocyanine®] . XA 34 dH &
Scottish Dyes Ltdell 2Jste] o]577F = Ath 19351 Imperial Chemical
Industriesi= CuPcs AJ4tslz] Al&Feldat, o] LG. Farbenindustrie(1936)}
Du Pont Company(1939)9l4 ®E7] AlZe|A] @A AQA7LA = AAe] Be 3o

A AAE AL 12~ 13],

o

) w2 © 2 Phthalocyanine©] 4] 7§ o] & AATEZE 713 Ao

9lt}h. =, copper phthalocyanine2 a, B, y, §,'¢, n, 0, R,

£

2 (FAskaL_glt}. Table Lol A CuPcs®] 4743
[e2]

Aa Ao = 7R Bol o] &H L U= q B, e



(tetragonaDY AFW -3 (orthorhombic)E Ay 1 F-zxof weh zhzt
[001]e] vt [200] Wi3FE& Mzt ATH[15~16].




Table 1. Peak angles of XRD patterns with CuPcs

a ' 6 e R X | o B
200 d |20 d |26 d |20| d |20| d |20| d |20| d |26| d |206| d
6.8 13.0| 6.5 |13.6 5.1(17.3 5.0 |17.7
7.2 12.3| 7.4 |11.9] 7.7 |11.5| 7.6 |11.6| 7.6 |11.6| 7.7 |11.5| 7.0 | 12.6 7.0 [12.6

8.8 (10.0| 8.7 [10.2
9.9(8.9]9.7|9.1 92(96(9.1|97[95(93|9.1|97 92|96
10.4| 8.5 [10.1| 8.8 [11.4] 7.8 18' 8.8 10.0| 8.8 [10.5| 8.4
15.5] 5.7 |15.9] 5.6 |11.8] 7.5 |14:2| 6.2 [14.2] 6.2 |14.2| 6.2 12.5] 7.1
16.2| 5.5 17.1/'6.2 |16.8/ 5.3 17.3] 5.1
17.6| 5.1 [17.5| 5.1 |17.5| 5.1 |17.5] 5.1 18.1] 4.9
18.4{ 4.8 |18.5 4.8
21.3| 4.2
20.6| 4.3 |20.4| 4.4
21.3| 4.2 21.3] 4.2
21.8| 4.1 [21.9| 4.1
23.8]3.74(23.513.79|23.6/3.77|23.6 | 3.77 23.2|3.83/23.5(3.79
24.0(3.71
24.9|3.58/24.9(3.58
26.3]3.39(25.4|3.51]25.9/3:44 25.4|3.51(26.0|3.43
26.6|3.35 26.8/3.33
27.5(3.24(27.7(3.22 27.0/3.30 27.8]3.21
28.7/3.11(28.4(3.14 28.5/3.13
30.3/2.95 30.1/2.97(30.2|2.96 30.3|2.95
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Fig. 4. XRD patterns of CuPc a, B and e.
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Figure. 5. Schematic representation of the typical molecular stackings
of divalent metal phthalocyanine: the a-form (a)-(c) and the

B-form (d)-(f).

_12_



2-1-3. Sub phthalocyanine

Sub phthalocyanine® e W2 19729 Mell9t Osskool <] 3
st T dojxth BCl & A8t

o) /1 phthalonitrile®] =384 02 HBE phthalocyanineS: 9L 4 ¢4

f
:cI)L_tl
>
%

boron phthalocyanines &7

a1, ® Aol chlorosubphthalocyanined Z2dS A& 4 ddvH17].
BSubPcCle] ZA T Z+= 19744 B uFEglom 1990 Kobayashiol <
& tri-t-tutyl® X]3%¥ BSubPc(t-Bu)3Bro] Hi1H7] 7FA = QAT
Sub phthalocyanined FEA= HLo] st A A /AT, o599 E

Aol ZAE Sl o1 Sub phthalocyanine®] ¥F3-AJ o sl & = At

B % 9] phthalocyanine©] U]l 7§¢] diiminoisoindolineS ©]F o] X &= A o
H] &l 4] Sub phthalocyanine= Al 719  diiminoisoindoline¢] H 22 F9
2 A2 AdEo] v A 14n dA Y] olmwiy Al el W]

o # mpg olFm g0 FRE v AR A B HepHo
oS oA E WA e 598 2 Srhis]

Sub phthaloeyanin®]  H &4 Zeie Y == 7] fdiaady

HU

(elethrolithography )€ ‘dye=#j-3- v & 2 o]ty mgh 59 o 7|4 e 9

574 & phtodynamic therapyell AF-8&<= ¢l <2 photo sensitezer©| t}.

aRAEe =Y &2 AAAAd AAEol 7He e recording A 52 a1E ¥ o
Z1TH19~ 23].

_13_



I ~N
N.._ N
| I?'R |
N N N

Figure 6. The molecular structure of sub phthalocyanine.
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2-2. LCD
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2-2-1. LCD9Y A}
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Figure 7. Structure of liquid crystal display.
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2-2-3. Color TFT-LCD® %%
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Table 2. The classification of TFT-LCD
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Figure 8. Structure of LCD panel.
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2-3. PDP
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Figure 11. V-1 curve of gas discharge.
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Figure 12. The principle of emitting light of PDP.

_32_



El

i)
=

2-3-5. PDP%

Yo o w RT m G- T T " AR
o — Be o oo T
g P T s © T do W w W P
= (SR | HI | W = = o T /=
G N N s =
7ok = N = a, A
T OB = % ™ A i a [
oW ¥ g i
mﬂ_. X T X a AT Fl
m | N oM T OF o % WP T &
I N o Bl @ m Y H.M i<
B 7 e i © o o |
= o) \a ﬂ LE EE
_ - o
JM K ol a, oup m@ 7 X up o B
K meoa .o 0 T
| M oo Ao . ME ¥ o 21_ ) ﬂww
T W o W o S =
o S _
T %oy oW o o fe | X RIS B
R G A S PR
0 0 = ~ (] g
_'A —_— va‘ﬁ __O [
L B ok ~ = o T B < o
T R W oy o W T T
—_ 2o o L ou 'y i
© o] X £2 oF
o J oL R g B A W@ ST
LR o R M dig®
= ™ T % B T\ IS
T oo mm oo I = of w
o N oW o om o= W o, 9
— TG o oA W%
G ! T T T By T (i
I N O - A o
W Fo = oy B & oo
ot 5 G = B =~
r= @ _LM M.w dow o oA R Ay B
= il i
—_ o . Z jpay _IT EL — ja—— o N
) 2 X0 TR
3 o= MO o) o o . T % T X®
oy < MO e B o9 X T N
5 ™ M F o B X % o T

Aol et

o A=7H4, o

j_
_33_

HZ A5

=

EH= PDP =& H
)

=

)
5 typed

=

A, NIR =k
i

-

R

bl e,
% A

=
typeel PDP ZH7l 2 2HELHH



AR Film : Anti Reflection |

Mesh/Ag Coating ; EMI Shield, NIR Cutting ‘

PDP Filter

*Color purity
Increase

Safety

EMI ; Human Hazard E PDP Module
/

AXenon Plasma

Neon Peak

X

\ y J}/ —’\\\Jfl ‘\I\/f‘a"\‘
NIR : ]
Remote Controller
malfunction

Color Film = Ne Cut, Color Adjust, NIR Cut

Tempered Glass = Breakage and scattering prevention

Figure 13. The function of PDP filer.

_34_



of AF&¥ a1

=N

[¢}

72 Aol e wFEel, A% 7

ufo] AR I E XA E

2-4. Microwave

B

-
L

A A 2 7] o

AT,

ol

dr
g

el

Mo AE

ks

AetE Fio] nfo]lagu oYX E FFee=

g & Utk

=
R

fo}. el o

[¢]

)

F34E= 2450 MHz

$7hs

=

o

T

al

w4

Hhgsgel o} U How
N

e

[¢]

54 300 MHz~ 30 GHz, o

=
-

UREEE B

75t o] A

o] vH27].

vlol A2 0= JhA] A o A} 9] A
At whol AR T {7
=l 1

3}

5]
cm~1mY
!

¢}

2

Aol

78]

ﬁo
B

L3l AT slol A Han

=]
=

NAE o 7A@

7]
A=}

o

o

o

o

2-4-1. Microwave

e

[o3gNe]
Hk-§-2

A

J

o

oF
o

oo

]
‘mﬂ

nfo] A&

Lol whA el e FTh

ot
o
ﬁo
=

)

oo
)
B

_35_



Aed oz 08 HoH28~29].

ol
HH

Green chemistry@+=

2-4-1-2. Green Chemistry
Al 7] ol

)

N

iy
o
ﬁo
w5

’

al

]

34 o

oA AT7tA f-Eled &4 2

=
=

Aoy A  green

chemistry,

d

Feds doz2X oA

v

Az o

3|

o]

o
°

s

u} o] 1 = 5}

4l

9

Q

A8

=

=

7187

[e)

Fe A= Hol
T

=] a3
Bk ol 2}

9

AT,

=
T

A A

o 4

]

o
FS o

=]
il

|

=3

~
or

Ton

—

ﬁo
B

)

Wil A) S wie] f7)4uNE ol &

o

oy
oo
)
B

o] B

hSS
pjd
3
o

o
3

el

)
Jo

o

A7 O

=
=

uj

At

=
=

SRR EEE

_36_

2 71,

Al
=

LY,

[e]

714 &

=8

2-4-1-3. 7145 @A



e~ T ® 7T = H T S )
o & b oo oW ) I Y & ° <
w T ORON — T % =
T o T Yo T o~ T
o e T oy M el i L T o
w ™ o o R N g 7 F
TG ~ XO o g 2 =
o Mow X TP = Ry
ORI Yo BR N Wl o
T 7 om o 0 B o T ST e =
o) wu of T o JINN S © &
T = ﬂ_u W w5/ % wg e Fox mﬁ
= il == = o
o ° o WeT S Tl 50w
S ) o T M o BT nzw
oo W oo WE R L ) A iy
C e e W i
B E b o T
U S X9 ™ o W o
= ﬁq LS erﬂiﬂ%
G o o2 NS T oo Doz =
= o N & A\ - ol e s
o o oo m YA 4 7o
© o B - o TN R ol
[— X
B T 0 B\ i 2
= W s o B L 2 i X ol by
I o T T oW -
T o E T do < * Wom % g M
" T RT CIEN o A # i
o T ~ -~ —_—
BT e W N A oy N
o o B W Wr Moo m LL% ol Muﬁ by W_H T
oo T o= N T oo w T T wox o, M
G < oo G R F
~ X H | Mo zon X ofF . A EON < = H
<7 o ~ n Hiz B ® ) N ° W o~ & .
JWom oo ® < T W oy ~ T X woT B
Bodr o F & mooR oK & o T e

=

|

sk

o)
=

ol
ol

olAz3E FIAT]A W,
[¢]
— 37 —

&2 A A A 4= (tand)

214 0 2 coupling

=3

o] & |
Z]

Ao e
fez wpo] a2 s}e}

o) 4]

7}

[¢]

ng 7tdEA gev. ALOs, MgO, SiO:

s
a
=

[¢]



7FE9 5 Ay d 3 (hot spot)ell 9] % thermal runaway @Ato] T AEH7 &=
g E5 v REee 54 8, 54 1E&A T 2 =4 AR,
C0203, MnO2, NiO, Fex03, CuO 53 22 AZA e AA ASES

oA mutE F Foete] shAEAR, W EAAY S e ddA

il
flo
=
o
fu
5=
il
oloh
-
ol
x
o
at
fu
_\|1~
e

=
5 Ee F4 AEX

-

A &

_38_



Transparent

E Selective Absprber@l

Figure 14. Behavior of microwave in the material: (A) transparent

(nonpolar polymer, low-loss insulator and ceramics), (B)
reflect (conductor polymer, metal and conductor materials),
(C) absorber (polar polymer, dielectric ceramics, FeO, ZrOs,
SiC etc.) and (D) selective absorber (matrix = low loss

materials and fiber/particles/additives = absorbing materials).
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Figure 15. Polarization mechanism by microwave heating:

(a) electron polarization, (b) atomic polarization, (c)orienta

~tion polarization and (d) space charge polarization.

_42_



Polarizability

QL electronic

| | | | | | | |
102 106 101 104 108

Frequency (Hz)

Figure. 16. Typical response of the total polarizability of ‘a crystal as a

function of electric -field frequency.

_43_



2-4-4. violmzste] dAmMAA &

713} sk S0 A o] wlo]a 2 3ul= 94 F I (thermal effect) % H] L %
& FH(non-thermal effect)2A] ¢3S v X1 o2 ¢lste] mfolzm=zs} %

Aboll o] gt shetRbgof 7FEst7E dojdn. oS Y, dRtHow oy F

7ol skt wgol vholaEsirt £AHW RFWSEEIL Fohs o] A
4 Aol Mol g Aol §53 Ford:, 2/WSE L AEA

=

A=l ety xrr g vtolagye] 7t Gt S sk
A EHNE A7F Wl M 537 dolivbiA I B EAs v
o} witow Qlgboyx EA7IG5 ekl do] WEH ARTE 7L
A oju BAHE UL UdF upEdolgn & e A 4
Aadtet Ao sttt @, 54 BA S 249 F4, FU=
Ak AeH 7kl 54 el ¥} (superheating) £+ 2%l (hot spot)©]
SAE 7R Tl s AL S TelekAl ¥ ol2 dste] vlelam
o] W dA adrt FASA "o w7lRES oA B

dpo o g At kel W@ B FTm Slao TR QR dER 9
T7F e 243 Ay Haw WeHEZk ST Bs gl

ohefol Folzl 4(1)3 Aol s 48P 5 th

k = A exp(- G/RT) (1)
AG = AH - TAS (2)

71A4, ke WSEE, AT AT, AGE A3 oy, R 7]
TE A &%, AHE gy, ASE AEZyE ey, ¥ks &5 9
7k AY T v AGY AAE Yr gt vlolAR 9= ] 98-



FANANBR 45 AT FAEAG AFAES

= TaSFo] F71E0lq AGT AT

_45_



_46_



2-4-5. Aol ™ AXA

et Sol A kg A el wel TS $A7F ®Wék= Hammond 7HA
[34] 5 Edi= ato] RbG Aol WA= mlolams g FED F 3
o} Fo % Fig. 18248 whef vt #A43) oy 7t 835 3ikg
o Afole TS=GS9 o] ¥7] wEo] shntgo] Pu= 34
oA TS GSAtelel A FAo] 25 WetERE 58hgo] W= = 3
4 Folle vlelaza FFFo]l A9 WA Fert
A TS7F whA 2 g A Al F71skd wbgEe] S0 A FrtstrE g

shubgo] ez A FolA wolamyl JFol AA MIvu AEA
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Figure 18. The position ofthe transition state along the reaction
coordinates.
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Al 3% LCD Color Filter ¥ Phthalocyanine &4

3-1. A&

LCDel A color filter= ¢ Fd A 7bd T a3 F&olt. PDP%
OLED %9 ¥ tx=ZdolE= RGB A A3 oz ME 79
st WFA LCD+ black lighte] #91S o] &34 color filters A Y=

Ao g RGBY A& xgste] IS FdsY. pigment 1655 2 A&

=

3 °] copper phthalocyanine: LCD color filter o A}-& 5=

L
K
3
rr

RGB ¢t8 = blue 242 AR5 a1 9L}

o

2 g4

ot
—_

ot

B oo Fol = e39 copper phthalocyanieE seed 34 W

4>

A, A YU} microwave EHUS o] &3 AAFE, 2AHIE,

o Hlask
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3-2. AAA L vhola st FA A

AP FARAFAZE =8 220 W Heating mental(250 ml,
Hnan.Co.), W59 &= A& 935 PID Contoler(Hanyoung P100)¢} 5
2 FY

g K3 2402 o gahgleh g §7)

B 250 ml AT 2 ZH23s Aggon wgsgr|d HZE wuby
W71, K3 9ddE Ao 79 B s dd A4S AEst
of 8§78 U F d&AS Hd =2 9

vlo] a2y} A A2 Fug 245 GHzel 600 Wal 7} = A

golA Fig. 199 %ol mlolazs A A E A&t} whola =25
b A cavityWloll mlola w2 ut7t fdekA A Hg == stirrerE
AA skt BEEEVIHe 2xE AFgsid 54 2 £dS s 9
PID® 2] o] 2% A o] 7](Europian 2416)5 AF&3t$th. T3k nlola 23}
G4 Aol A 1T.em BEC F /He FH S FolA ddAme 857

2 49 AASYD YRR FAE FEHE vlo]ARA S Aura]
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Reflux
condenser

Power &
temperature
controller

Figure 19 The equipment of microwave synthesis.
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3-3. e-Copper Phthalocyanine &4
3-3-1. Ao

A A" EHES AA gle]l adE AR How,
phthalonitrile(Acros Organics Chemical Co.,, % 98 %), copper chloide
(Aldrich chenmical Co., ©5%: 97 %) % copper phthalocyanine-&(toyo
ink Co.,, %! 999 %)& Al&stAd 3 &ul= % dithelyene glycol (Jun
-sei. Chemical Co., &=%: ), sulfolane((Junsei Chenmical Co., <%:98
%), ethylene glycol(Junsei Chenmical Co., £%: 98 %), quinoline(Junsei

Chenmical Co., s %: 98 %), nitrobenzene(Junsei- Chenmical Co., &%

98 9%)& AH83F9th.
3-3-2. AAS T

LCDo| A}8 %+ e-copper phthalocyanined 42 2-1-24ddA AF
Holdv oy 7HAFE T dske 2 A4 copper phthalocyanine
= &% HUbeto déte AFF o2 FA b= seedH S A& TSR] A T

BS-g7= g v RS A7e] A& 8715 170 T A%
ol HAx T AEsET 250 ml A B2 Zg2~=9]  phthalo
nitrile(12.8 g:0.1 mol), copper dichloride (3.28 g: 0.025 mol), e-copper
phthalocyanine(0.01 g)& % 1. diethylene glycol, &v{Z100 ml3 7}

3
wHkE- o 7 A3 wHkeldtl. PID controlerE ©]&3dte] 5 C/min 9

o[)«

< H£E= 100 T~180 C7kA 7149 5 w5 Ak 1~10 h &
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[Diethylene glycol][ BCl, ][Cu Pc- 8][Ethylene Glycol]

{ Conventional / Microwave heating ]

v
F Filtering ]

[Washing with M eOHJ

[ Dryingat 70°C ]

[ XRD, UV-vis|R ]

Figure 20. The flow chart for synthetic scheme of e-CuPc.
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3-3-4. 54

A
3-3-4-1. X-ray Diffraction
Zt Ao A dAE copper phthalocyanined A% o]E ZA}s}7]
TS X-ray S| AFAE AFEeto] EA45 AT SAH YA = X'pert MPD
system(Philips Co. Ltd, England)& Al&3dtR o A2 CuKa, 40
kV-30 mA, scanning speed 3 C, 05 slitd, =AW= 20 = 5745° =
st S ot
3-3-4-2. FT-IR
ddE AEE FEEAS dH7] ke KBrol Al5E Fo] agtelA
pelletE A Z3 3 IFS880(Bru Co., Ltd, US.A)E Al&3lo] AJ5E59 IR
spectrags =% s} t}.
3-3-4-3. UV-VIS Spectroscopy
dAE A5 FTH EAHS ZAE7] f8te] UV-VIS absorption 2=
HAEHL UV £33 B2 A(M-3150, shimadzu Co., Ltd)E o] &3] =4
stgth. AlZe FEE I0'MoZ 91 EAgvlZE  N-methyl
AL-§-3F A o
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Table 3. The yield of e-CuPcs synthesized in conventional and

microwave processing

o Conventional Microwave
Condition ] )
Synthesis Synthesis
Solvent(ml) Tfmp Time Yield (%) Yield (%)
N (h)
1 0 0
12" Diethyl v 28.79 1850
ene glycol 100
(100 ml) 5 58.15 38.12
10 74.46 50.30

_57_



100 100

(a) (b)

80 80

;\; 50 /
\5 /v
3 40 / B 40
> 2 / 20 /
0 /
0

1 W
Time (hour)

Yield(%)

10 10

2 4 6 8
Time (hour)

Figure 21. Yield trend of &-CuPcs synthesized by (a)’ conventional
method and (b). microwave method at 100C for various

times.
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Table 4. The yield of e-CuPcs synthesized by the microwave method

with quantity of diethylene glycol as a solvent

Time(h) Temp(C)  Slovent(ml) Yield(%)

20 53.27%

Microwave 5 100 50 43.24%
100 3812 %
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Figure 22. The yield-trend-of e-CuPcs synthesized by the microwave

method with quantity of diethylene glycol as a solvent.
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3-4-2. 2449 54

A2 wlola2TE o] 838l e-CuPcs FAsATEH WS %9}
Al kol W& CuPcd ZAA 2 XA 34 S Table 5%  Figs. 23~
240 et AT e-CuPc® FAA BN = ooz A2 100 Tol
ARE 7.6°¢9F 9.2°¢] g vAaE U e eFEHE FAT 5 7F AJY
[36]. 150 TCollAl&= BAAA YeElUE 7.0°9 eddollA YERYE76°7F 2ol
AT 7.0°9 Peakd A717F v Ao w yEwH. 5, 150CoA+= a
SR7F T4 Hol AFS FA-sAn. 180 ColA = A Al B XA
34 dEes Yelyde, o9 22 AP oR co®m AWV AT

Fowvh ge oJUAR AP o A4 Fest dA® Boz Helvt

Atk Fig. 249k o] Aol nlo]dm el o3 AHPAHLEE el
& 23 violazste Azt @As W HENY. o= 3-/4-1-89
& Aol A e o] vbgLwTt Ao iAo Fgo] |WF Eof
bS-Eo] vholaAR s S Fol-Fretx] Kokl wstolet Az En. o=
lsto] AAs=7F A ol-Ala] AT e Aol AtsE T A4
2 ompolaza B 100 Coll A= Algko] Aol wpe} eifo]l WahA|

XA 3™ Azt Srtste Aom Z2AsEr 7S B o AT

a9

52
Ky
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Table 5. The phase of CuPcs synthesized by conventional heating

method at the various temperature conditions

Solvent Time Tem(C) phase
100 €
Diethylene
2hr 150 e+p
glycol
180 B
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(a)

Intensity(a. u.)

1I]_ 20 30 40
26 degree

(b]

Intensityia. u.)

VT T

10 20 30 40
28 degree

Intensity{a. u.)

10 20 30 40
26 degree

Figure 23. XRD patterns. of (a) synthesized at 100C, (b) synthesized at

150C and (c) synthesized at 180°C with diethylene glycol.
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Figure 24. XRD pattern of the e-CuPcs synthesized at conventional
method(a, b, ¢) and microwave method(d, e, f) at 100 C for

2h(a, d), 5h(b, e) and 10h(c, f).
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FAAE ANEEY FEREHS 57 HslA KBr pellets Al xgh
IR-spectras ZA3stAtl. o] 235 Table 7 ol YEFWHA T A2 A4

2 mlolma 2 FAHOZ TAFE e-CuPc EF finger regionol A T H+=

o

IR spectra® YEIW L 91o] % macrocycle ring +%2 7FA 11 &S

el sk A T37].
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Table 6. IR spectral data for the e-CuPcs obtained by microwave and

conventional method

c-C C-H C-N C-N C-H C-N C-N C-H

Assignment macro out—of stret in in in in iSO in iso
cycle —plane~=ching pyrrole plane  plane ‘—indole —indole

. 772/ 1325/
microwave 439 886 779 1073 1113 1159 1279 1412
. 723/ 999/ 1325/
conventional 500 888 1072 1013 1156 1279 1407
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3-4-4. #%4 54

lolz sl A MHow Weew 100CAN 5A% ok BHD

e-CuPcE 41 N-methylpyrolidoneo] 1x10 M2 %2 L322 = =
A= UV-VIS &+ 29 EHZ Fig. 25 o YetlAdc. A2 SAH 3
nfol A 23} A 9l FAE AREY HANFT I Anad) B 5

T °F 670 nmol A T LA ERSE
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(a) (b)

\\/.‘_

400 500 600 700 800 400 500 600 _ 700 800
Wavelengthce (nm) Wavelengthce (nm)

Absorbance
Absorbance

Figure 25. UV-Visible- absorbtion spectra of (a)CuPc~¢ obtained by
microwave “and (b)CuPc-¢ obtained by conventional heating

method at 100 Cfor 5h in NMP.
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A 4% PDP Neon Cutting$ Sub Phthalocyanine

4-1. A&

H o fo| A= sub phthalocyanined FE=AS AT ozn Ha3d 3
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phthalonitrile & %57] ¢ 3] phthalimided YEZ3} WS 02 4-nitro
phthalimide2 W&tk 228 % 4-nitrophthalimide 4-nitrophthalamide®
HkS- A1 71 & HF %0 & A-nitrophthalonitrilee WEUtF. 75 o]4-nitro

phthalonitrile ~nitro group< octhanthiol® X|33}¢] 4-octhanthiolph

thalonitrileS ' ¢+4 31 91 t}. 3= nitrophthalonitrile2 wF57] 9] &} A =3-nitro

i)
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oA ZwEZ dF A 4-nitrophthlaonitrile, 3-nitrophtalo
nitrile, 4-octylthiophthalonitrile, 3-octylthiophthalonitrile < %4 &}7]
93k Al2ko 2 phthalimide (Fluka Chemical Co., £%: 97 %), sulfuric
acid (Duksan Chemical Co., <%: 95 .%), nitric acid fuming (Junsei
Che mical Co., +%: 99~94 %), ammonium hydroxide (Duksan
Chemical Co., & %: 28. %), thionyl chloride (Duksan Chemical Co.),
sodium bicarbonate (Yakuri-Chemicals Co;-s%: 99.0%), DMF, THF
(Duksan Chemical Co., =%: 99 %)= A}83+ 1L copper(Il) chloride
(Aldrich Chemical Co., s=%: 97 %), urea (Duksan Chemical Co., =%
9 %)E AA  flel Aottt wEE SwlE A  1,2-dichlorbenzene
(Junsei Chemi cal Co.)& K3yCOsz (Duksan Chemical Co., s=%=: 99.5 %),
DMSO  (Junsei Chemical Co., =%: 990 %)= Al&3dx
3-nitrophthalic acid, acetic anhydride (Aldrich Chemical Co., & %: 98.0
%), ammonium hydroxide (Duksan Chemical Co., ¥%: 280 %)& A Al
lo] AF83t 3L Beron - trichloride (Aldrich «Chemical Co., in heptane

IM)E A A glo] AMgaF At
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4-3-1. AFA A

4-3-1-1. 4-nitrophthalonitrile &4

Sub phthalocyanine FZ#AE FAst7] Hsted A4 S EAQ
4-nitro phthalonitrile2 ¥4 3} t}. 4-nitrophthalonitrile phthalimide&
o] §3to] T 22 WgS AW H T -sAT. o5 FAAAS

Fig. 2601 Eb A 38,

(a) 4-nitrophthalimide®] &4
34200 ml 9F 40.0 g (0.027mol)2] phthalimideS 500 m¢ A+ &< vl
Zet~3o Y2 % phthalimideE ¢33 =9 & 2525 5C7 WA,

HEEY 255 5CE fAletHA Al

oF AZxSIAY. F&o] oF 73 %2 4-nitrophthalimide

et
-
oy
EL
2
v

(b) 4-nitrophthalamide®] 3&+4
500 m¢ A+ T vty ZEkx=39 v THF 250 mé¢d 4-nitro
-phthalimide 25 g (0.13 mo)< zdlZ2 FYF vs F2x5 o] &35}

Wk S 40 CAA S& Tk 40 T FAFEA 180 meel @
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Figure. 26. The synthetic scheme of 4-nitrophthalonitrile.
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4-3-1-2. 4-octylthiolphthalonitrile & %3

A A ¢l 4-octylthiolphthalonitrile2 34371 93] octhanethiol (3.5
g, 0.037 mol), 4-nitrophthalonitrile (4.5 g, 0.026 mol)= DMSO 39 mlel
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4-3-1-3. 3-nitrophthalonitrile

(a) 3-nitrophthalic anhydride®] A

250 m¢ T wte Zgtx~ 39 3-nitrophthalic acid (42g, 0.2 mol)¥}
acetic anhydride (50mD<S F stz 103F AF-2olA wwk st} PID
controllerg ©] &3 4138 C7FA] 303t &= AlZIth o FEH= 547 &
b SRFAIIT Aol HHE WAA & BAIHE A= ZY
3tal SRHTE olgdlA AT 75T A 12417 AxEAT FE o
78% (32.7 g)¢l 3-nitrophthalic anhydrideZ 3t} A 34 S Fig. 28
of tEbW ST,

(b) 3-nitrophthalimide®] %4
3-nitrophthalimideE 84317 YallA Z2~=o] foramide 35 mlZ

1 7}8}al, 3-nitrophthalic anhydride (25 g, 0.13 mol)S T o

i

of A ®b-g 1047+ wRk AL F- 130 CollA] 3A13T &
w3

=
=
o] &7 ZAA 71 dE F dxgu. F&0] 80%

o,
fo

o7 HH3]

_‘c;i_
(20 @)1 AVGE o) A= S A

(c) 3-nitrophthalamide®] %4
29% ammonium hydroxide 60 m¢7} % & dvle A ZE~F9
3-nitrophthalimide (23.7 g, 0.123 mol)& FY4dtaL 03 2447+ vk
ghoh, Hbg Foll, A3 =S cold waterZ Al HsHA ZHefo] 3} sfar
SEATH &) oF 64% (17.2 g)°l 3-nitrophthalamideE 5331t}

(d) 3-nitrophthalonitrile®] %A
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T oty A Egb2A9 DMF 38 mE FYsta, =55 5CT~7TC

2 HFAAZ)HA] thionyl chloride 25 mE T3, 3A 7+ ot

& 3-nitrophthalimide (7.014 g 33.54 mmol)= #7}3staL, 0C

oA 6 heset wytsisivk. A2olM 24 hesh F7F4<Q wwks sid
A

w 160 gol ©X HlolAe ZAi=& A Fof Z2A4

3 A7l F Aol 9AE H9kS W cold water® Al H WA 7HgHo] 3}
k. 50TolA 1241389 Az FE&o] 8% (B3 29

3-nitrophthalonitrileE 4 1 ©H40].
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Figure 28. The synthetic scheme of 3-nitrophthalonitrile.
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4-3-1-4. 3-octylthiolhthalonitrile AT A TA

3-octylthiolphthalonitrileS 3437l #18] 4719 #AHS T3 T
3—-nitrophthalonitrileS ©] &3} 4-octhanthiolphthalonitriles %A % 3}
A LA AEES FHEAT. & 7% FAAN AH S F53AT

o] 59 A H}AL Fig. 299 e St}
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Figure 29. The synthetic scheme of 3-octylthiophthalonitrile.
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4-3-2. Sub Phthalocyaine Derivatives® vlola 23 A

4-3-2-1. 2,9,16-trinitro SubPc & A
2% A3 % microwave FAFAE o] 43t Fig. 300 dEbt A
AR A A ASA T 4-nitro phthalonitrile (1.73 g: 0.001 mol)3}
1,2-dichlorobenzene(10 ml)°o] BA U= 37 & ZeF=A0] 583 wyk
2o o)lgad wwtg vk F2 99 boron trichloride in hepthane 3.5
ml(0.0035 moDE FAHZIE ol &afA 3Etel AA HHs] FJFH. o
2

Al 107 2WkS 3 ¥ microwave $AFAES o] &84 400 W =

LHER ST 41].

4-3-2-2. 1,8,15-trinitro sub phthalocyanine &4

[o

A AW 4-nitro Sub phthalocyanine ¥ AW Fdg WyHow

3-nitrophthalonitrile= ©]83%}¢] sub phthalocyanine derivative® %4 st

Art. o) 59 FA WA S Fig. 310 vhebui i),

4-3-2-3. 2,9,16-trioctylthio sub phthalocyanine & A

okxl A ® Sub phthalocyanine ¥ AR FLd WHOZ 4-octh

—anthiolphthalonitrile= ©]83%}¢ Sub phthalocyanine derivativegd %4
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shdth. A A4S Fig 31. o HeEH A

4-3-2-4. 1,8,15-octylthio sub phthalocyanine &4

ol ¥4 % sub phthalocyanine ¥ A3 S Ud v o2 3-octyl

~thiophthalonitrileg ©]&3}o] sub phthalocyanine derivativeZS 34 6%

. 434S Fig. 31 o el
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Quiuredraretogy gy
purification
4
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Yidd Cal,WV-\Vis
FT-R XRD

Figure 30. The flow chart for-synthetic scheme of SubPc derivatives.
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N Na, -
[ B |
M rowane heating
CN fox 30mndm at 400
R = NO,
R = octhanethinl
R

R
—_—
Microwave heating C N
CN for 30min at 400W
I R =NO,
R = octhanethiol

Figure 31. The procedure for the synthesis of SubPc derivatives.
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Table 7. The yield of SubPc derivatives synthesized in conventional

and microwave processing

Reactioncondition Yield(%)
sample
Time (min) =% W  microwave conventional
2,9,16—trinitro
70 30
SubPc
1,8,15—trinitro
Subp 62 10
upre 30 400
2,9,16-trioctylt
. 45 27
hio Subpc
1,8,15-trioctylt
] 36
hio Subpc
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4-348o A  FgA¥® HAFA =L sub phthalocyanine derivatives]
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Table 8. "H-NMR (CDCls;, ppm) of 4-nitrophthalonitrile, 3-nitro phthalo

nitrile, 4-octylthiophthalonitrile, 3-octylthiophthalonitrile

Sample

6 (ppm)

4-nitro phthalonitrile 8.43(d, 1H, Ar), 8.67(d, 1H, Ar), 9.03(s, 1H, Ar)

3-nitro
phthalonitrile

8.02(t, 1H, Ar), 8.15(d,'1H, Ar), 857(d, 1H, Ar)

4-octytlhio
phthalonitrile

0.88(t, 3H), 1.2-1.7(m, 12H), 3(t, 2H), 7.47(dd,
1H, Ar), 7.55(d, 1H, Ar), 7.64(d, 1H, Ar)

3-octylthio
phthalonitrile

0.88(t, 3H), 1.2-1.7(m,d2H);:3(t, 2H), 7.53(d, 1H,
Ar), 755(d, 1H, Ar),”7:63(m, 1H, Ar)
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Table 9. 'H-NMR (CDCls, ppm) of 2,916-trinitro SubPec, 1,815-tri
nitro SubPc, 2,9,16—trioctylthio SubPc and 1,8,15-trioctylthio
SubPc

Sample 6 (ppm)

2,9,16—trinitro ~ 8.43(d, 1H, Ar), 8.67(d, 1H, Ar), 9.03(s, 1H,
SubPc Ar)

1,8,15—trinitro  8.0(t, 1H, Ar), 8.16(dd, 1H, Ar), 8.58(dd,
SubPc 1H, Ar)

0.88(t, 3H), 1.2—1.7(m, 12H), 3(t, 2H),
7.47(dd, 1H, Ar), 7.55(d, 1H, Ar), 7.64(d,
1H, Ar)

2,9,16—trioctylthio
SubPc

0.88(t,-3H), 1.2=1.7(m, 12H), 3(t, 2H),
7.53(d, 1H, Ar), 7.55(d, 1H, Ar), 7.63(m,
1H, Ar)

1,8,15—trioctylthio
SubPc
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Table 10. FT-IR of 4-nitrophthalonitrile. 3—-nitrophthalonitrile, 4-octyl

thiophthalonitrile and 3-octylthiophthalonitrile

Sample

Wavenumber (cm”

)

4-nitro
phthalonitrile

3087(C=H stretching), 2240(C-N),
1540/1354(N=0)

1607(C=C Ar),

3-nitro
phthalonitrile

3087(C-H stretching), 2240(C-N),
1540/1354(N=0)

1607(C=C Ar),

4-octytlhio
phthalonitrile

3100(C-H stretching), 2231(C-N),

1583(C=C Ar)

3-octylthio
phthalonitrile

3082(C-H stretching), 2232(C-N),

1568(C=C Ar)
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Table 11. FT-IR of 2,9,16-trinitro SubPc, 1,8 15-trinitro SubPc,
16—trioctylthio SubPc and 1,8,15-trioctylthio SubPc

2,9,

Sample Wavenumber (cm™)

1645(Ar) - 1540-1327(NQO2)

2,9,16-trinitro SubPc g0 maop skeletal Vibrations)

1613(Ar) 1541-1358(NO2)

1,8,15-trinitro/SUbPC 15 140P kel Bl ibrations)

2.9,16-trioctylthio 1611(Ar) 1475(CHzbend), 1359(CHsbend),
SubPc 1046-858-753(Pe skeletal vibrations)

1,815 trioctylthio 1600(Ar)-1463(CHzbend), 1379(CHsbend),
SubPc 1063-863-748(Pc skeletal vibrations)
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Figure 32. XRD Pattern of (a) 2,9,16-trinitro SubPc, (b)1,8,15-tri
nitro SubPc, (c¢) 2,9,16-trioctylthio SubPc and (d) 1,815~

trioctylthio SubPc synthesized by microwave heating method.
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Figure 33. UV-Visible absorption spectra of 1,8 15-trioctylthioSubPc(—)
and 2,9,16-trioctylthioSubPc(—-).
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Figure 34. UV-Visible absorption spectra of 1,8,15-trinitro SubPc(--)

and 2,9,16-trinitro SubPc(—).
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