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The Study for Microwave Synthesis of Phthalocyanine Material

and Its Physical Properties

Ki-Suck Jung

Department of Polymer Engineering, Graduate School

Pukyong National University

Abstract

The purpose of this study was to highlight for laboratory scale application of microwave energy to

the area of polymer syntheses, In this investigation, the possibility for the application of
microwave technology to synthesis of polymer in solvent media was shown successfully by the
synthesis of copper phthalocyanine (CuPc). A power variable microwave synthetic unit was assembled

with modifying a Kitchen-type microwave oven.

The behaviors of microwave heating in solute {urea + phthalic anhydride + copper | chloride),
solvent (alkyl benzene), and solution (solute + solvent), which were used as starting materials for
synthesis of CuPc, were investigated at various microwave input powers (200W, 300W, and 400W). With
different coupling degree between microwave and materials, it was found that heating rate increased
in the order of solute, solution, solvent. Also, it increased with increasing microwave input
power . The results of syntheses for about 0.5~4h at about 155~170TC under conventional and
microwave synthetic unit led to an CuPc in higher yield and purity at lower temperature for short

time under microwave synthetic method, compared to conventional one. The physical properties of the
specimen synthesized at various condition using both the conventional and microwave synthetic method
have been characterized by the means of chemical analysis (CA), X-ray diffractometry (XRD), scanning

electron microscopy (SEM), particle size analysis (PSA), and BET.



I. Solvent Synthesis

1. Introduction

: The Objective and the Scope of the Work
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2. Theoretical Background

2-1. Microwave
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Table 1. The comparison of various heating methods
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2-2. Phthalocyanine
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2-3. Copper Phthalocyanine
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CEEO + 4(NH,),CO + Cu*? + 2¢ —b + 8H,0 + 4CO, + 4NH,
/>>:N N:é/

o H H,
@o —> O:}NH —> (j:}m —> O:}NH P O:}N
0 H H H
Cu*? + 2¢ i é
¢ (@DNH, —2 ¥,
/>>jN N/

Figure 1. Synthetic mechanism of CuPc.
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3. Experimental

3-1. A §&

2 Ao A+ phthalic anhydride (Junsei Chemical Co., %! 99.0%), urea
(Katayama Chemical Co., #©%: 980%) 2 copper I chloride (Katayama
Chemical Co., €%: 99.0%)2 AAfle] 2z AM&3ATE W FulzA
ammonium molybdate (Junsei Chemical Co., &%: 99.9%)& AF&3st¥ i, E#
g jAe AL = SulEA o|F FHIelA FEFE H Al 200T A alkyl

benzeneS A}-8-3t ).

3-2. % 4

CuPcE &43l7] 938t Figure 20 Foix Ad &M 20 wet Ahs R
vlolAz gl A FH o T FPoE dAd #8& AT Pyrex &7
100g9] alkyl benzeneg& WA 4381, 53 utgo Q75 E Svjd we}
49g9] urea, 42g¢] phthalic anhydride, 7g9 CuCl % 0.1g® ammonium
molybdate& A#lZ FYAZTh. 2 APdA wgol AF Fostx &=

alkyl benzene©] Al ¥ AL BrELEE PG vfA 2 o] &3}, W 2=}
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Alkyl benzene |

| Phthalic anhydride il |
I Urea Ammonium
molybdate
I o |
Microwave |at 155°C~170°C| Conventional
synthesis for 0.5~4h synthesis
| |
2
[ Distillation |
v
I Washing
v
I Filtering l
4
Drying at 105°C
2
I | | I I
CA XRD || SEM PSA BET

Figure 2. Flow chart of experimental procedure.
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AlZko]l 7t F AAHE CuPcrt #EE &7] Hel goj2] Jul2 HE3HA 2
oA WEEES TEH uRlo] EVIEIEE WEEES TUsHA wrkEh)
A% EFolArt. TP HEESLS FYIA awdEA ¢ 2C/ming 52
SEZ 130CT7HAl 7tEAIRA L, 130Tl e o 025C/ming] 2 SE=2
HA3] 155~170C7HA 74EA . %27] 39 urea®} phthalic anhydride?
€70l oF 130Col==, 130Celétell A Whgo] dojuA 7] WE =7
T FEE /M5 wEA dAon, 130Coldod M= uread] 32 AHd
2 Yol 7}A7}F phthalic anhydride®t ¥H-$-3le] phthalimide® AA3=d, A
dd ¢EYo} 7kA9) phthalimideZt vl & ®&33] Rstan &57
A& HA7] A3t $2 28 HAHF Ak EI}, L F
A god wg &7 Yo BAHE & oz A3 &7 LAY
uj7t I EEH} SFVIE EEHY] HECIAT. WEEEL AT £HH

& £52 Foz 2T oA 05~4A7HEL FAA

b
]
ofN
o=
oX
o
r o
O
o

e}
o

fru

ARG AAY R vpolazs §A FAAM FAT

H o, wkgo] Abgd &rie Y FEHoE AANAR, &Yl FEE UEE
of EAjste vige gz WA Fz2E AASFAL, F 0CY THFE A
AT F, Ax7]0AM oF 105T, 24AbF e A=A, ojd &7t 433
AAHA Fod A F HEEES] & 3 ¢x0 F dFS viH=zz A4
g FoE gt dustd, HF PP EQ CuPcd Ax 257F &ulef vA
A 200CTHY d8 voume gujrt FLHA &7 et ¥4 F wEE

e 49712 AANAY §o7t #F AAYA donw 58 L £EE A
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A u Ag Fol $ole d¥U IgE F Jomz Add 7€ H ¢

gholl A 2 xp7F A & ok

3-3. A ¢ welazst A A

AR FAH ZAA2E 7|E0 dE A_HE &% 220W9 heating mentle
(500m¢, Hana Co)& Ab&stgod, A8 M85 25 54 % £4& ¥
37 93t K8 €dd 2 2% A7) (Hanyoung P100)E AH83tich

< &7 B8 AT Pyrex 8718 AHESE L, W& 8719 dde € &8
£ Eol7] 95te] f2 ARE dgdAR o, g 874 wty], At &
Z71% Axstda. molaEs g4 FAZE /HAE dA A 2AE
Mzste] mlolazst oE2lAlclHE AMgstA, AZE vlolazst 2¥xd
718 F34 245GHz, 28 700We nfad|EE AAste] 7HWA wolaz s

1

o
S

4% 2 Figure 33 Zo] AZA3AT. Mode stirrerg A x|3te] vio]a 23}
cavityUlol Al wlola g stdo] U ER 91, vlelazg A K €4
) 2 PID %4 2% Ao]7] (Hanyoung PX7)& Al&3l W& E2ES] 258

3

ol

1A 23 2 z2AYEE 3gr wSEE9 o &L =07 Hstd
Balg 27 Pyrex €715 2 AFE @g9A F violaR g cavityd F
o}o] EolE & FgPrt &, vwlo]AET} cavitye Aol A Feo] lem =

ol g A A} %old A, $%57]1 L Pyrex abES AU AAAL,

18



Reflux Stirrer

condenser
Thermocouple
Oven
cavity
Magnetron
Stirrer
Solution — Power and
s temperature
B T controller

Pyrex vessel Glass fiber (Insulator)

Figure 3. The schematic of microwave synthetic system.
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Ae BEY FHE HEZE AZZE dHIAT

3-4. A4 R & AL

CuPc @4 &) EAsts v H3EH} § BHEEE AAS At 0.02M

H:S0, €9 Fol| CuPcE ¥I 60T, 1AZHE<E AF MA7la, 60T &

e

F 102 98 AgHse F3AZ ¥, 0.02M NaOH 89 Fof 4 A=
CuPcE 60C, 1A7HE¢ &2 HA71x, 60T /5 102 53t A
H FgA2t. 39 CuPcE A#AZ F Ax7]eA <F 106C, 2445 <
AzAA. Az AAY A8 FAE FAHT F, ofdd Fo4d A )&

o} -g3te] CuPcol #4 & Artsid. [31]

7]

Yield (%) = x 100 (3)

CuPe

A7A, SE AF AAE As5e A, P= AE¥ phthalic anhydridee] A,

Mpa® phthalic anhydride®] ¥A+3F %L Mcwes CuPce] EAFgFe]t)

3-5. &% Ak
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100me-8- dlo]#A el 1g9 CuPcet 10mée] A3+ 3HA3F (98wt%)S ¥ 60T, 14

o)

&

2

WEEAI7] 3L, 25mee] 0.02M H:SOs 8&4& 7He F, EFF<fo] 100me7t

Ju
o\
i

7kgith. o] EF AL AH} £ 60C FHFT F 200~300ml

A~
T

41

HE
2 AAAT. A473EL 30me NHOH T84 B2 & A0 F, 14
LHES BAAT. o EFAE YA AFAN F, 60T FFHF F 200~300
w2 AAstE AZE7]dAM °F 105T, 4AE ¢ AEAZY. dxE A89 F
AE FAE F, ot Foj 4 ()& ol &38toq CuPcd £X& AALstAH.

(23]

Purity (%) = —ISJ X 100 (4)

A71q S A A& FAL, PE AuF AR FAI

FeE AsEed AR R 2 AP dde X4 FFE 249 (XRD;
Rigaku Co., RINT2000)& °]-&3lo 43tttk XRD FAA, Alge &09
Fol TdstA dFAA Y A9 ¢ @I FErb A=HAEE HAERRE G
4744 R AR A% ddE 898 F ARH. ANEEY 4A 27), 4 2

€3 AHe FAE AA @rlE (SEM; JEOL Co., JSM-5410LV)& 53t B
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o #BFEErt. AEEY 494 2L g BEXE 9= 4% (PSA; Horeywell
Co., Microtrac X100)2.2 2R3t PSA ZAHA, A8v 283 AHV|Z2
o 3EFS WAL of FA7 e s BFAUL AE AAEC] EHHA A
g 974 2 YE REE <€ F UMY A8E9 vEWHLE BETH

(BET; Quantchrome Co., Autosorb-1)2 £3} &3 F )
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4. Results and Discussion

4-1. vlolazs F5 AF

HS-EE0 vlojazy F4%E vyl st 200ge) AMEES viold
23 A Aol 200, 300 2 400We] EHo g AN A, & (akyl
benzene), § 3 (urea + phthalic anhydride + copper I chloride) ¥ &% (&7
+ BA)9 volags F4 EAL A ALY WE X9 F2A Figures
4,5 2 69 Zzt Jelddth. wlola R 2AME AIREQ FAE oF 200gS
2 HAAZ AL CuPcE FAANZ v 27] H&ES9 F FAZ oF 200g°I
7] W &EolAth 400We mlolazw &3oA &uls oF lhEt ZAA A
oF 190CE 7= AR, £24L < 15ming] ZAPA oF 200Co| Yoz 7HE
Hx, £4E o 15ming] FAtelA o 190CE 7FE At ¢4, 200W 3
300We] vlolzgst EHME £d, &4 &uje] EMAHE wWaA JdHE

Ae & T Ao

Aoz FHo] 2 2AYFE W $I3 @l sldse] me &4
A4 &% ez, &4 AR gol 2% vojagHE F Frotd 4

7tgddrt. Folz Figures 4 @ 58 A RY nlo]lazye] &¥o] F7EF
2 gujE AAF G AYR, €A F&EA4 NEEHE AL B F UAAdH

o] A3 &3 74 AEQ phthalic anhydride®} ureaol= C=0¢ N-H =
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Figure 4. Heating profile of solvent at various input powers of microwave.
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Figure 5. Heating profile of solute at various input powers of microwave.
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250

200 p
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100

Temperature (°C)

50

0 5 10 15
Time (min)

Figure 6. Heating profile of the mixture of solvent and solute
at various input powers of microwave.
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B o8 we I

oX

o] EA& CuClle ol24e] EAZER mlo]azy
7b FAHE W E33E A YoAXM mlolaEnst F FFHJAL, WIS &
o] A4 AEE 4o we $emz nolazsrt & EF4HA FUttn
e 5 Qi

Fo]7 Figures 5 2 6& HHEY, nlo]aZ2g} &3] FrEsE &4 %
L4 WE 2 £52 JMdHE e B F AU &Ho] 200TolEL
7tEEle Aol wks] g4o] F 195CT7AAT 7HEHE R &9 Yo &0 2
dto] Zds A AlgEY. vlojaggtel AYA st A 7IQdEo A
oz Lo vlo]aZ RS FFEA ¥ Ao wo]ARIAE F43tY
g g0 g8l S99 eEvh A+HAGT TH S Yo oE F)EY

A 9oz niA HEES FHANZ 9 AEqA 229 BHE dAER

E4ol 71Qlste] HEBESL B £& FEZ 7D FHAL F AAY, ol
23 §YEe EYE FEP cholazs F55E 1A BEEEL A
BE 58 52 719 GHAY 5 U8 Udehin, so|aEs Tgu) ¢4

B =9 7HsAdE AR

4-2. CuPc 4 & 2 €&

AeNA D ulelazs FAYWOR o v FANM CuPcE A4S o,
=

CuPcol W$ &8 Wwg &% 9 Azt 42 A Figure 7(a)¢ (b)el 242

27



100

(@

Yield (%)

20F 0155°C  165°C
0 160°C v 170°C

0.5 1 2 4
Time (h)
100
80
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]
2
e 40
20r 0155°C  165°C
0 160°C v 170°C
0.5 i 2 4
Time (h)

Figure 7. Product yield vs. time at various temperatures under
(a) conventional and (b) microwave synthetic method.
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JehAlth. o] Aol wEd, Ay FAPAME CuPcd #4 F&°] 15
5Col Al 19~35wt%, 160TA 27~75wt%, 165ClA 53~83wt%, 170C A
65~8lwt%el A, "ol 23 FAYPAME CuPcdl &4 F&°] 155TAA
24~78wt%, 160TolA 59~79wt%, 165TeolA 59~84wt%, 170CA 78~

gawt%eltt. &, A 2 vlojazs FAPAA e 2 R ARl T

rlo
H

Ageg AR §4 £&0 e AL B 4 AU we wE
9 oge Bg ABNE AN G vstel stolazs FHel

L

33

B

Fgo] ¥ Eo0E AL & F AWG olE wolaEHIL HE TE R

o

& A 7tol] uread YRUol 7pAE oA EHAII R CuPcy T4 &

Z2ANA7] GEolgn FEHHJh 2FAT, 2 g 2= 2 W A

l‘w\i

dAe AW L rolazs FAMAA 4 F8&9 o7t A4 gles ¢

F Atk wEkA, vlelazs Aol AMfA FAdHl vl e ke
€5 2 FL kg AgeME aRFUqA T, & e 2= H ke A
ol e vlolazse & ade ZIfE F AL & F AW =T, A
2 gAgel vl rlolazst AP F&o] L olfe AHY FAAHAA
= reFo] £7]9 $ R Eo| phthalimide’} ®o] o] Qo] CuPc® 2% A
52 oy vlojazy FA YA phthalimide”’t F4E& #H Lo} vlo]
aAz3E & 5322 A RE phthalimide’t CuPc® HEEHIU7] @& o)
c}.

Ay L wolazn FAHoR o B A FAHE CuPcd

Ay
Il

2 we % 2 AI7te] 43 A Figure 8a)% (b)oll Z+z YRt Fo
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Figure 8. Purity of CuPc samples synthesized at various temperatures
under (a) conventional and (b) microwave synthetic method.
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2l Figure 88 B3 BH, Ay A= CuPcd ¢=7F 155TAA 6
4~90wt%, 160TNA 70~96wt%, 165TolA 92~98wt%, 170TCelA 91~
g7wt%ol R i, vtola 2 FAYANAE CuPcd] £%7F 155TANA 66~97wt%,
160°Col A 91~95wt%, 165 TolA 91~9%6wt%, 170Col A 89~98wt%°] ATt
Z, A4 9L vola2y FAYPAAA ¥ 2 D Azl F7HEE A9
4 &0 FdAHLRE F/EtL, ARy £:k Uz Frkstes A¥S
B

% Qgith =@, ARS TA 480 o 50wtd% olAolw, AR &£E

A
rie

F 90wt% ool He A& B & UNUT

Aef2] 2 vlojazm FAYOE 180~200Tol A 05~4A1HF<Q CuPcE &
ARE o, CuPcdl ¢ ¢ € €58 g 2x 3 A3 524 Table
29 YEtiidT. o] Ao wEd, ARY FA-AME CuPed] F4 &
2 =%7F 180TA 81~85wt%, 95~97%, 190TAA 76~84wt%, 91~97%,
200CAAM 72wt%, 9%l 1, vlola2 s gAY NE CuPcd A +& %
=7t 180CA 79~86wt%, 93~94%, 190CelA 78~86wt%, 92~97%, 20
0CAA 74wt%, 0wt%olATh. =, AAY R wiola=zst FHYAAM 200T ]
el e W8 25 R ARkl FMESE AR FY v& R €=V 3
Qo 200CAME A8 §Y F& 2 =7 W HadE ¥ B F
AN, ole AAHH R vlolazst FPYPLR 193TolFelA CuPcE FEA
719, ¥ %8¢ €8 melaminec] FPHER ARES Y 7€ R T
7t dojAE A#E 2] fEold. ©A HIAW, dEYote] FFUL

2 A} E= yrea’t 3 urgste] Ry ol o|Aser ATl AAHT, 2 Bl
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Table 2. The yield and purity of CuPc samples synthesized at various

conditions under conventional and microwave synthetic method

Method  : Temperature (2) " Time (b) . Yield(%) : Purity (%)
| 180 05 8091 9%
N N o
R . e 8
T 4 ssl 97
Conventional - 190 o 05 ot 7578 791
190 1 8009 9
19 2 sm: 95
90 ‘ I o7
0 2 7197 )
180 s 7 93
T A ey %
180 ' 86.01 o4
. 10 4 | 8629 9
Micowave 190 f 05 78.42 R
" S 82.76 95
o 190 o 2* 86.19 797
19 4 8532 95
200 2 73.67 9
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o} urea’t ¥&3t9] biuretzh= Edo] AAdEt A E biuretE ureast Wk
o] triuretS AL, ALE  triuretE 193TColdtelME  WF-EO]
cyanuric acid2 H#H I, 193Co| 44 = melaminel 2 H&H7] dioln.
T3, APE F UHEETF cyanuric acide A FAAAM HA AAZ Jhest
A%t melamine W&ol mi¢ Fold tE F WMIFEELS AHANE F 3
3, AA HANAM AASZIZF AAF 7] wWEolt,

4719 CuPcd] 84 € 2 €% 9 AAES vla HES 29, 719
A g daled wolazs FAPAUE =Ystd Fe WS Ay we
g 25 FUAAE £ A4 FE€S 7O
A7} vfe]22 ot FAAHAA HAHY F&& & FAH 24L& gE2mE vt
olaz s FARAN FolF A= £X R 2H 2
7t FbEsta, wlelazs §A4A mE 5 £58 AT F Je=mz 34

A @F 2 oA doke] shsstn F2dA
4-3. 2R3} AE

A 2 wolmazs FAHAYPLE 155~170CNAH 2A &L F4 A2 CuPe
ANBEESe XA 34 JES Figure 9@ (b)ol 2tz vetuiict, Folx 19
& AWRYE ARESS BEF B-CuPc AAACZ &A891, 34 257t

HAgrs AREY XA 04 A3 FasA g £3, RE & ¥
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(a) ® B-CuPc
170°C
-~
=
g
@ 165°C
=2
=
72
S|
155°C
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20 degree —>

(b) ® p-CuPc

1‘ Ji'!x R l !2! 170°C
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=
& .
= 165°C
2
R~ R
g
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= LW eptrs g e & e i
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h H 155°C

10 20 30 40
20 degree —>

Figure 9. X-ray diffraction patterns of samples synthesized at various temperature
for 2h under (a) conventional and (b) microwave synthetic method.
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HellA Aol vl wtela2g FAYP2E AxE AREY XA 34 =z
7t AdH oz Egt. o] A 257l Fgd wet Ao vl ulof
Az FAHAAN ZAH Sl & AFARSES U, 53], @& 2= ¥4
Q1 155¢F 160Co A iAol vlg) mlo]a2 s FHHeE Axd AwEY 2
dol EA o I AANASE FA™Y + UA

AR E violazs FAHOE 155THA 05~4A25<t FA4A 7 CuPe
ANREY XA 33 HYEL Figure 10@9 (b)oll 47 Hepct. Fold o
e AHRd AREY AHYE BF B-CuPc Aolx, A FAHAHo=
Azg ANREAdAES A Aol Frtetdx o XA 3E A W=
A9 AR mlolzEd FAYPoR AZH AREANME A Alze]l F7t
42 XA 34 D29 AT AA ZHSET. o] AdE Fe xoA
AlZbo] F7hEtel whet A Aol vlE] wlolaR ot FAAWAA AAEC] ¢ WE
A & A A e Hedoh

2719 A#RE T Y, A vl mlo|laEs FAHH AEE 2
AL w2 2% HHAQ 16569 170CoA 4 € A85E9 H2 ZEdMe A
o] Aol7t gAY, W& =9 1559 160TAA 48 Aase 93 A=
= & o7t EAF At W, 155To A= Aej2lol Hl&f violazs
FHE NRES Aol WG Azto] Zrgel wel WA Fwst @A Fr}E
Ak o ATREL o Holy AFE vlolAR Ao T FAH F&
AE vl & dA Rt
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(a) ® B-CuPc
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Figure 10. X-ray diffraction patterns of samples synthesized at 155°C for various time
under (a) conventional and (b) microwave synthetic method.
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4-4. VA 7=

AR D wlolmza FAWOZ 155~170TAA 245 F4 A7 CuPe
N8 E9 SEM AHA & Figure 1101 Jdefidch. Folz 2@ & AFHEWE, A

259 vA FRE EF AEYIUn

,Be ex Wl 1559 160°Col A=

2
=
>
=2
7
%
e
=
o
[y
[l
A=)
o
ox.
[l
>

1559 Ao FoatA AR, 2 &

Idle2 Axy AREAE 1659 170CelA 38 244 ez 2 47

I

A, vojaza e TP ArEdME B

gy
rlo
H
g
do
2
R
il

2R AR FuE F A

A4 @ ololAR FHPOR 15T 05~4A12H5e A AR
S SEMAMAS Figure 120 vrehideh Folxl 29 asuw, A4
FAHor AxE ABREANME 4A7HFd FAHAZ AlgERte] IAAY AA

Hefz & AR, vlojlzzg gARen Axy ANREdAE EE A

=

Mol d B4% 24 ez 3 YA

4718 SEM 24 s XRD ¥4 Aze 3 9Aste A& 99 + 3
A3, A dide] wlolazn AW E =Y e 229 #FE Azt
H Ee ¥4 8% CuPert AxHT A& a7z x2a8 348 449

CuPcE 2& + AT ArEHAG.
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Figure 11. SEM micrographs of samples synthesized for 2h at (a) 155°C, (b) 160°C, (c) 165°C,
and (d) 170°C under conventional synthetic method and at (€) 155°C, (f) 160°C, (g) 165°C, and
(h) 170°C under microwave synthetic method.
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Figure 12. SEM micrographs of samples synthesized at 155°C for (a) 0.5h, (b) 1h, (¢) 2h, and
(d) 4h under conventional synthetic method and for (e) 0.5h, (f) 1h, (g) 2h, and (h) 4h under

Microwave synthetic method.
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4-5. % ¥¥

A & vpolmazst FAHAYPLRE 15T 05~4A1F¢ #4420 CuPe
NEE9 H7 974 2 Jdx X E Figures 13 2 149 YAt FoiZ
295S Avuy, Ady 2 vlejzzy FdPeE Axd AR A

QA 747 781~1598 2 596~1254umolQ:, whg AttE Tt o

l

1gm 2 3pme AN Hu NEFE vdehle d= 22X HE 2Aoh
wa, mE Az HoolM Al vl vtolaEs gAY AREC] A
ox e Y% 9 Fi TdT = BEE UEHUG

4719 Aok F4 F&o ARE TS BE, CuPe R FEHNEY &4
of slojazs FHEE =Y, FH F&o 2 e 2AAM A dA
2 F3 #AE JE E¥e AAER FAHE ARES AE 7 U0y AG

CEF!

4-6. v WA

A D mlolazg FPeR oy whg ZAAA F4" CuPc®l BET

4 A}E Tables 3% 40 77 Jehigith  Foi7l Table 38 dwnwd,

o

A gAMo $HE ARSe Re exdA FYsol s 4FHA
zelgo we SR Zrhgel we 4FHAY] dEe] wERH| Frle
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Figure 13. The distribution and average size of particles in the samples synthesized
at 155°C for (a) 0.5h, (b) 1h, (c) 2h, and (d) 4h under conventional synthetic method.
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Figure 14. The distribution and average size of particles in the samples synthesized
at 155°C for (a) 0.5h, (b) 1h, (c) 2h, and (d) 4h under microwave synthetic method.
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E A%e Y, vlolags gdYez 49 AN8EL ¥e 2544
AR S0 w2 AFHYL, g 227t Frigd we mEA 4dE 2H
Zo] Fof JAHA7] WE] v BEHHC] FAadE FFE UYEAAG

FolZ Table 42 AWHEY, Ay F4P22 15T §48 HNEELS
¥hg Alzbe] Fvhel wel AEREY HEHA ¥WE A9 QY. ol A
g W9 ZAAESo] Wg Azto] FUtsd® A ZHP7 WEIUT.  whol

azs $AHSZ 155TANA FAHE AREAAME 2helste ¥hg AHdA =

T

kg AZro] Z7hetol mE HERA] F/A T, 2hol el W AN E
MEAHe] Zadte AFL UHURG. ot 2holgelN AAES T 4
o] Yojxk7] WRolgiet.

4718 ABEE FEA 2@, AR FYWOR FYY ARFAINE *e
exold 27 8 A4 57 RolA e E7 FA¥A w8 44
274 Aol YojuA WEDH FARAD, vholazd FYH ANEREL 2
) W g4 BRI Eobd wg SEsb FMdel wet 43E FAEl Ay
st wERAo] Fasdrh F, slelazsty @Y kG 540 27] 9
Y FEI BEE 9L AN Aol wa vholaz FHE NRSO|
ge 2T HEHHo AN Uk I}, ¥& 2xdAME ZAAEC I
NASES FFe VAN vlo|aEst FHY ANREY vERH A i
stk we, vlolaz o] oja) FAE F4 ZAIL 2 seed AUE 3
S Cu'oleel o|Fg AAS Zm FUF AR Wol AAHA AU

Wste] vholze s g4E NRSY WEAHC] 27 Fsgvtn #s ol
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Table 3. BET of the CuPc samples synthesized at various
temperature for 2h under conventional and microwave synthetic

method

Method

Temperature (°C)

155

160 165 170

Conventional (m?/g)

Microwave (m?/g)

11.40

80.36

38.63 4634  60.28

7499 5320 43.09
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Table 4. BET of the CuPc samples synthesized at 155°C
for various time under conventional and microwave synthetic
method

Time (h)
Method
0.5 1 2 4
Conventional (m?%g) 1241 1093 1140 11.16
Microwave (m?/g) 1076 1193 8036  78.29
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5. Conclusions

Phthalic anhydride/urea ¥4l A4 % wlolazs e FFshol
¥ wg @I CuPc® 4T 23, thest ge F8S U & dA
200W, 300W % 400We) wholazsh EHsteld £, £, §oHY EMB=
w27 AAHD, vholazst 290 FHE5S £, §9, g9 Y &
ES Z7ladth BU® B 2Esh Azl G4 A A el
o2z WS CuPed] 4 4& R #2571 FUAoz 5 A%E o
EMRQIT, CuPcd) @4 F&°] 37189 CuPcsl £E% FiH oz ZFrhshe
A%¢ deidth. XRD ¥4 23, AAY ¢ vpolazn gye Asse
2% B-CuPc ARAZ EASAL, AAHel st vrojazs Fyd
CuPc NEE°] 2% X4 34 928 vehiich SEM 24 2, voaz
% §4E CuPc AREANE 25 I4Y uj4 T27 3 SLHYA, we
2E2 AU GHE ARSAAE A4 w4 Tz 9 wgsen o
Ao XRD @ost & ANk PSA B4 Am, Aol wlste] who]a
23 48 CuPc AREC AdHoz 2L 97 2 F 2UF YT R¥
g X3 At BET ¥4 2%, 598 ws A4 Aol ulstel vt

olazd FA4E CuPc ABES wERHC] ddge= F3k1, °

po)

< SE

=

Aol & dAEHSG. wekA, AHA FAYY v vielams A

8

CuPc NESIIAE F48 +43% =8 tdehyo), uo Fdsta Fe U7
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£9 Ax7t sbessta Alsdd.
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II. Solvent—-free Synthesis

1. Introduction

: The Objective and the Scope of the Work

&) CuPe B4 FAAAE weEe U@ oW R 49T AZA
02 ALEET, wgol B ¥ £WlE Aol sne T maAel A
g 29 oplz 44¢ 874 29L oA EF, £9 A5 F, AF 4
42 CuPeol ZHIE £912 Adl 4 5& L &=/ Astsel A 3
4ol BURY A 47Le AAEso @k o EANE 9B T8
ool ol @ CuPe B4 FHol AR} Fouh, 71Ee] el E AY4 &
Ao] g AME Waoz WeEge LEE F/MAIEM, Wg £7] Wi
o%o] WEn FAF AADe] HSER FA 580 AstHn Pola Il
o) CuPcrt 7] ¥ F9jo] A4HEZ FUT AUE W Brss. EI,
£ 52 AW X oA Wg §7] Wl AYHE & FHoz U3
8707} ZaaAY £u7k MSBEW $F712 BEHol we A
CuPcel @4l wl$ 2dsth adu, F4u CuPesl T4 FH A4

A9 4l vlol2zRE EYSY welazs 549 3% kY, Hd9H s

52



R Y 2dd VAste WEL] FUF EHE 2 AW BAA g8 7Y
g myto] 7Hsdte ¥ ¥4 £&9 CuPc FAeol 7tssdtt. &, 71&9
SHE AHE3te YL 87t HEFo BAYE T APEY MEFE
M2 ®ue RE BstAR, F&v vlojlazst YL wEFol AA4E
T BYEY BHEFE] o wEd FAHEE g &7 W =& oF
o] A71A ol &7l HEEEH SFVIE ESHA ¥ wWE A o
CuPc®l @4de] 7Hs3ttt.

getA, & A7l e vlolaRs UAE o] &3 F&u] CuPc FA4HY
el B 7x AT GARA, FHEHCE 7€ AP 9 o] wlol
A2 qUAE =Yty F8&u] FYPLE CuPcE FHAE o, §48 58,
HHe &4 =23, FHE 54 TS & FolA d39 AHY &) FHHE
o] ARED vl HES L, vtold 287t CuPcd &4 2 EAd wA= %
< ZAS A ST Shustd, vielazste] g4 rid, A"H 1E 4 R
¥ wgel 9Jste F&uf Aol shEdtal, A AT EF H &

e}

¥ %
7] otk E, vtolazvrt W N A B Y AT L 2
S Py LEE ATY 5 YonE M BAL MY CuPc B4 7
gol AN e, ¥ AFE Fohel vlolamst YAt FEm CuPe

Fdo W MEE FEHY o8 7hsAdE W3 TS Ard.
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2. Theoretical Background

2-1. Solvent-free Synthesis using Microwave

|

AEe AR W AN A L AgHT e F7 FHE
slolzzme) £9e we VAL FEF FYWOE A¥HT Yok 1986
dol Gedyert 7H4 8 AA AAAE £7] G4 Assn Bud ¥, §7)
$4e 2aE vlol2zde] UF FYS] Bol BuHT U, B AT
Age vlolazstel sl /7] GHol 98 W 7 FHe &8st e
s Awatn ATh(-3] Ausw, wlolazsty Uz $I3 ole B

]

dAd 293 #dol ®A7)Fol 98 polarization effectE ©k71A]7]3 o]
3 AL o] WrEo Ao ol A o3 t ¥& Fo WHEFS A4
7] dEolhl4] =3, A vlelazde 4F AL o kg shE
3l+= thermal effectsE @At} Thermal effects (dielectric heating)<= =
A BEAEY AA7NF Aol AT 43 Al o #A5Ae] IS4
32 Qoy|m, BIANSo] nFuse] AXrFe wHoFE A% 7+ wjdol
M o, Ba eld Ao g4, AF, FEF vt &5 s € ey
A7 A ooz wAsE Ag dudnt. EAE WFolA old &
AuAe A iy HAL A A vad o, A o FH40 2
= T g FAA ]
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olo]la g 719 A4 ‘dry media condition’¢lgt 3= F&u §4A F
Hol] HEAIE, o EHHQY wgo] 53t [5-8 s, wlolA 2

o F{F Az weF9 Al 7IUdst WEEES W] FEHIL,

R

S50 44EBS B FEE L AU g £

¥Rl AAsay] WEolth wekd, 1Y SRS §7] wgEol T4
zholA slolaznrt 2418 W, $48 EHE 4 & AL, AT 5
gojol BFSE WeEe ©Y FPY ERE Ae

t}.[9-14]
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3. Experimental

3-1. A ®

2 Ao A= phthalic anhydride (Junsei Chemical Co., &£ %! 99.0%), urea
(Katayama Chemical Co., &%: 980%) % copper [ chloride (Katayama
Chemical Co., ©£%: 99.0%)2 AAglol 2E AlL3HY. WE Fuj2A
ammonium molybdate (Junsei Chemical Co., &%=: 99.9%)& Al&3tH 1, ¥H&
59 Y3 mukg EHoz AW FAPAJ AFEE  Pelex OTP
(Sodiumdiocty]l sulfosuccinate 65~66% + Isopropyl alcohol 12~13% +

Sodium sulfate 1~2% + H20 18~19%)& FH3tL ).

3-2. % A4

CuPcZ 437 93l Figure 156 Fold A¥ &M Lo w2l nle]a2
5 g4 FAe) TYF EHoz HAXE 8 AT Pyrex 8719 49g9]
urea, 42g9) phthalic anhydride, 7g¢] CuCl, 0.1g®] ammonium molybdate %
25g9 OTPE #Adlz2 EdAZAT £ AFA g Y FoAsA &=

OTP7} AH8 € AL w83 AAE CuPcrt £7] Wol doje] 2 HHaA
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[ OTP B

[ Phthalic anhydride I——__r CuCl

[ Urea I Ammonium molybdate
Y
at 200 ° C~230 °C Microwave &
for 2h synthesis Solvent-free
at105°C | Drying |

v

[ ] | |
CA XRD SEM PSA

Figure 15. Flow chart of experimental procedure.
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ZojA R EES FYdF uto] EVSdEE &S

il

< YA nnkstr)
AT EHolAY. FYR NEEEL FU3A @AM ¢ 2T/ming] 52
£E2 130C7HA 7FEAR L, 130Toldel e ¢ 05C/ming] & $x2 A
A3 170~250T7HA] 7+ARHG. &€ ALEsE 71&9 FAHEY wolF]
YA e =7 9 & RS 49 wAd &9 fleEs wEE
of dAdgo]l E@H7] mWEoldrt. W, volazg FEu] FAMAM A4
o) FAAMEG G0 ¥ SEAAM FAF 2xE dAse olfE ;e v
&t oA Cu’ o9 Fite]l mzoz B AFPdaes 1y ¥Hgolnz

AUH Cu oled B4 458 FANAY Asked o4 B §Y L= B

s WEEBEE AYE 2HE 58 SEZ Foj1 LEAA 025~24
HEd FAAA HE AEA CuPc2 FAHUY. 71E9] CuPe HAEL

gulg AgsHoz Be F U AASD AgtEs 2ULT THo U
1, g7t @38 AARA Fob BA F WEBEY 58 4 £EAE 2 I
F& vHou F&0) CuPe FAWAM P BAFSO oFr18A wskvh
w5 71EY CuPc 4 S BEF AAHE d=Yeol 7k29 phthalimideZt &
wiel Awol olal §F719) wol ol To) walx Wabel ASA, T
$7) CuPc FHWAANE $v18 A83HA gomz oeld BANEl o5
A gttt mholazs g4 AAEE 149 3349 ¥ FANE A8

 HAHE CuPedl BAS £& % £ ALE 149 3-45 3-589) Yo

2 Fystgon, 34 149 3-649 Wyoz FAsh
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4. Results and Discussion

4-1. CuPc ¥4 & ¥ &%

Rgu) vlo]mes FAYPLR 170~250Te 2= HHAANA 223kt CuPe
g F$A4HS 9, CuPcd 4 £¢ ¢ ¢EE g 229 524 Table 5
of el o Ao wEW CuPco ¥4 F€3F =& 170TAA
75wt%, 95%, 180Tl 80wt%, 95%, 190COlA 8lwt%, 96%, 200TelA
82wt%, 96%, 210TColA 82%, 95%, 220CNA 85%, 96%, 230THAl 85%,
96%, 240°Coli A 85%, 96%, 250TC ol 85%, 97%°1Att. &, F&vj vlo]a=

3 FAMAA wg 2=V 230C7A FHEFE A8 4 FEH =V

D

zrlele A%S B 5 AAL, 20T el E o 8% £e2 A YA
& A% YehiAT. @9, 7]€9 SuE AHET TP 193ToldelA
CuPcE F4A719, ¥ w&E2d 284 melamineo]l FPHEE N85 &
A 5g R 57 YolAE 298 2 g ad, F&u) vlo|aEs} §
AP e 00T FNAE A2EY 4 £8& € £ "ol ATk o]
E 7129 £E ALES CuPc AT T80 violazst 49 e H
FtUEo] Aolatutta Alm®Th o] AFold WU FL & At =,
OTPY % =4, CuCle) ¥ 24 59 234 A& T3t AF AAHez 4
TEoj Ao st Atm €
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Table 5. The yield and purity of CuPc samples synthesized
at various temperature under microwave synthetic method

Temperature (°C) Yield (%) Purity (%)
170 75.00 95.0
180 79.93 95.0
190 81.17 96.0
200 82.04 96.0
210 82.49 95.0
220 84.51 96.0
230 85.14 96.0
240 84.81 96.0
250 85.15 97.0
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3719 AFelA 230CeldelME Hd F&€2 A LT FFS HEUN
ong Bau vlojazy AP Z 230TA 0.25~2A0F¢ F4E CuPe
o #4 £& 2L €28 g AP #4524 Table 60 AT © 2
o] mEW, CuPcd ¥4 €3 ¢E& 0.25holA 81.09%, 95%, 0.5helA
82.46%, 95%, 1holA 8358%, 95%, 2hollA 85.14%, 96%°IAUtt. W3 Algto]
FHEFE AR §4 FEH} €57 FUEE BFE £ UM

A719] CuPcdl #4 ¢ % ¢ 59 Z#AES vl AES 24, 71&9
£ AHE3 FAY Ao F&u rlolaz g UL =Y SHE A
Asta MASE BE8d FAS QA & AN, &ui7t SFd AAHA &
ol A F wEEEY & ¢ =7 FojAE EAHE HEAE F AU
o, ¥&ZF A" dEYol 7tx9} phthalimide7t &91e] H=ol o 57
o wo] BolA Fo] H3lE @Ao] HAA AT EF, 7IE FAHY

& 193Col gl F ¥gEQ E84 melamineo] FPHER A8EY F4
F& 2 $E7 BoXe AAE zHFAAT, F&9 volazs FAEYE
BHg w7l E e Zol2 200TC ol 2o A = melaminee]l B85 A st @4,
71Ee &ulE AHSF FAMIY F &) vioja s FAHYAM HHY F&&
de FA4 2de vd=2mz2 54 molazst AN Fold dE £
2 A4 37 & M FHEY Az bedtn, FEu vlojazs A

BE $& $58 ATL F Ao Y4 AR @5 % uR Aeko) s
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Table 6. The yield and purity of CuPc samples synthesized
at 230°C for various time under microwave synthetic method

Time (h) Yield (%) Purity (%)
0.25 81.09 95.0
0.5 82.46 95.0
1 83.58 95.0
2 85.14 96.0
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4-2. A4} AF

F&u) o]z 2 FAYHOR 170~250Tol A 2AE¢ FA AU CuPe Al
589 XA 3Ad d& Figure 169 UgHAT. Fo{d 29E SHEY,
*13-‘.%8— 25 B-CuPc ZAZL2 EA3AL, §4 =71 S5 A=
€9 XA A A3as A9 It Ao, 71EY &€ AHEe A4
FAHos FAENY NEELS EF B-CuPc Z2RZez AL, I} 2
E7F S7tEE AlgEd XA 34E dart F33HA4 Sk b, F
A 2A 71&ES &ulE AH&sE ARA Yl vlE) F&uf wlojaz
o ez (Y NEESY 24 4B o F dosE & 7 AU

F&u vlola =g FAHPo 2 230TAA 025~2A12HF<t FAHAI CuPe A
2E9 X4 #4d HYE Figure 179 YehlUS. Foi adE EHEY,
AleEY 2FLS EF B-CuPc Ao, &4 Azte] S7HgrE XA 34
Hae Zxzt 3A F7H

d719) dste T8 29, 780 vlojazs YR FAEE CuPe Al
BEY XA 34 e ¥4 =7 F/1EES 9a9 ZE Wi U

L, g Aol FohRel meEt a3 FxErr A2A S

4-3. VA F=x
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® (-CuPc
I z'!! ® ' Po 9 250C
| . 0. 20C

f
.U U WD N Y Wi

230°C
-~
=
gl 220°C
Z 210°C
&
=
bt J\ h ey 200°C
s i ©. . 190°C

! ‘ A \ 180°C
A 1\ W 170°C

10 2;) 3.0 40
20 degree —>

Figure 16. X-ray diffraction patterns of samples synthesized at various
temperature for 2h under microwave synthetic method.
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® (-CuPc

®
-~
= o0 ¢ e 2h
g
g
p= ;lh_
w
5
=1 0.5h
L]

’\ n Ao 0.25h
10 20 30 40

20 degree —>

Figure 17. X-ray diffraction patterns of samples synthesized at 230°C
for various time under microwave synthetic method.



8o vola 25} FAAYPO R 170~240Toll A 2A1HF < 4447 CuPe Al
259 SEM AMA& Figure 189 YeEhth. Fojd 1¥& 4HEYE, A&
59 HA F2E RE 2% HdM I4Y 2 FH=E T HFsNz, 4
A A7 Hlas TR

Zguf vojazs FAYPoZ 230CTA 025~2ARFL FEAU A8E
9] SEM A}ld & Figure 1991 Yebith  Fol3 2¥E& AMEY, AEEY
oA FERE EE A 9904 3A4Y 2A deHz F B, 23 2
7 Mine EEsgoh. EI, 71E0] &ulE AMSEe FAEA HlE FE&)
nlojazs AP AEE] BT T2 B4 ZA FHEZ o]FofAH AT
ol F&ul mlojmE g FAHY ABEINME Cu °]29 FiE i A
oa) Zol WFez AAse 45 ¥ Aol opd vn WFes JHFdte o
2 3 o] BAEy] ozt AtgdEY. 4719 SEM £4 ZA#E I
s 2a, 71€9 &uE AMgsE AW ddd F&u vlolaEs ¥
Edstd, Aol ulAH T2 FE AV|EAM 2 FHF 24 JHE 7L

2 CuPc

]

dg & sickn ARET

4-4. Y= ¥

Tgo] vlolagst FAYPLR 170~240Tel A 2A2EF<L A4 A1 CuPe Al

259 H7F 9474 2 4% BEE Figures 20 B 219 YErHAT. FolX I
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¢ » ! .
L PAS Y LN
RIS Toem

Figure 18. SEM micrographs of samples synthesized for 2h at (a) 170°C, (b) 180°C, (c) 190°C,
(d) 200°C, (e) 210°C, (f) 220°C, (g) 230°C, and (h) 240°C under microwave synthetic method.
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Figure 19. SEM micrographs of samples synthesized at 230°C for (a)
0.25h, (b) 0.5h, (c) 1h, and (d) 2h under microwave synthetic method.



HES A¥RY, 780 vlejazs §4H0z Az ANEEY HT FL
Zt2} 650~766 4 molA AL, WY k=% FAFA F 05¢m, 1gm R 34m9
ABeM Ha H=EsE el dE £ FHE B0

F&u mlojaEs FAHLE 230CoA 025~2A1HF<t #F/3A171 CuPc Al

559 A 9% 2 4= BEE Figure 229 JEUAT. FoiR 1€E$
AHBE, ABEY BF 43L& A4 710~755molA I, g AI}E F

BstA % 05¢m, 1pm R 3pme] YBdA HA NEFE Y= = &
¥ PE Bt zed, 21EY §9E AHgEe A §AE2E 15T
ol A 05~4h9] A HHANA AzE ANEEY 7 YAL 47 781~1598
pmol AL, ¥g AT F@EA F 1pem E 3pxeme YAAA Hi Qs
E UEhiiE 4= X FHE B4 wEA, BE A MM 7E &
g Abgdte A AR HE FE&ul vpolAZ T FAHY ASEC] ¥
A Ae dF 2 FR ALY AE FXE YERIAT

719 Aot F4 F& AHRE T BY, CuPec 2 F=AEY &4
o F&ul vlo]azs UL =YEE, 4 F&o] & wg =AM F
S 373 2 F3 FUT 9 BEXY FAEE FAHE ANERES §HE 4

g1 sl
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(d) "d=17.16 pm

1@ d=6.66 km

(b) d = 6.50 pm

Frequency (%)
(=1

(a) d=7.02 pm

0 4
0.1 1 10 100

Particle size (um)

Figure 20. The distribution and average size of particles in the samples synthesized for 2h
at (a) 170°C, (b) 180°C, (c) 190°C, and (d) 200°C under microwave synthetic method.
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(d) "d=7.57 pm

1 © d=7.10 pm

(b) d =7.66 pm

Frequency (%)
(=]

(a) d=7.51 pm

0 E
0.1 | 10 100

Particle size (pm)

Figure 21. The distribution and average size of particles in the samples synthesized for 2h
at (a) 210°C, (b) 220°C, (c) 230°C, and (d) 240°C under microwave synthetic method.
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(d) “d=17.10 pm

© d =7.55 pm

(b) d =7.46 pm

Frequency (%)
[==1

(a) d =7.39 pm

0.1 1 10 100
Particle size (um)

Figure 22. The distribution and average size of particles in the samples synthesized
at 230°C for (a) 0.25h, (b) 0.5h, (c) 1h, and (d) 2h under microwave synthetic method.
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5. Conclusions

Phthalic anhydride/urea & Ao &v) vlo]mzs AP E CuPcE &

Al E

33 A7, e Ze Z2ES 2¢ F W% @

olo

LE7t SNETE
CuPcd &4 & % ¢Z7t Adyez Friste Z2%E Jehldth. XRD
A Ay, F40) vlojazg 4P ANEEL BF f-CuPc ZHF22 &
AstE I, wg Aol F/MEFE CuPc NEEC] 2% XM 34 9aE ve
WAtk SEM ¥4 @3} CuPc AEEL 25 ALY mATFz7E & 2253
oy, 71&9 £uE ALRF Y CuPc Al®E vs o 2 2% IH
2 o|F9A YUtk PSA AN A, 71E9 &g A& FHELE 4 1
pm 2 3xme YAAAN H3z NEFE YEhlE 9, F&uf o2 =g
F48Le 4 054m, 1pm B 3pmd YFdA Hx NEFE UEdle 4%
2% 9E ugn, o solazs ga¥el wad e 93 2 Fu
U 4% BEE AT A9 gapd, 12 gaE s Y o

Aol Fgo) vlolazs FAWE =YsHE SulE AAs AP 2R

ko

# 342 99 & Qonz o 1e¥d FHYRY o, SEM PSA
4 Az & & dFo ARSe] 2 24 YUE AAx AL, FE A%
2 FUYW YE PEE /ANEE, GRS FHA FaAHE 52 2Ye 4n

FAZ A2 E9 Aol 7tedtta AR "
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