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Study for microwave synthesis of metal phthalocvanine that is

optical photo conducting material

Jin Phil Ko

Department of Polvmer Engineering. (raduate School

PPukyong National University

Abstract

An  efficient green method  has  bheen  developed for the synthesis of  metal
phthalocyanine through a one-pot reation where phthalic anhydride and urea react
with metal chlornde in the presence of ammonium  molyvbdate catalyst in the
solvent-[ree condition using microwave irration. It was demonstrated that microwave
processing  combined  with  solvent-free thchnigues leads to shorter reaction tomes,
higher vields, cleaner rcaction products and casicr work—-up than classical processing.
The products synthesized at various temperatures have been characterized by X-ray
diffraxtometry (XRD), scanning electron microscopy (SEM), particle size analysis
(PSA) and photo induced decay curve (PIDC).
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1. Introduction
The Objective and the Scope of the Work
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2. Theoretical Background

2-1. Microwaves
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(a) Without any constraint.
(h) Submitted to a continuous electric field.

(¢) Submitted to an alternating electric field with microwave requency.
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{a) Reflection behavior Ex) high conducting materials @ metal

() Transparent behavior Ex) very low loss materials © non-polymer,
insulator ceramics.

(c) Absorbing behavior Ex) very high loss materials @ a polar polymer,

SiC, 2rOs, ferrite
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2 -3. Phthalocyanines

phthalocyanine(Pe)<>  metalihND 2] 15 ulebA] 22 MPei2 #5519

nitrobenzene, trichlorobenzene, cthylencglveol, # methylnaphthaline, quinoline % 3}
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TH3E A9l AFE-8 i colorant =4 eh5u) 4 Ewe] 23 A H AlPc? coloring
sk7vh, paint, plastics, printing  inks,  spin dveing,  textile  printing,

phthalocyanines, inndicators® A1 AFS-2v] 0 noncolorant®  lascrs,  lubricants,

) ) - BN
medical,  photography, semiconductor, xcrography %-] < 8% 50 v} 0

2-4. Oxotitanium phthalocyanine
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3. Experimental

3-1. A%

oA gled 4= phthalic anhydride (Junsei Chemical Co., 4%: 93.0%), urca
(Katavama Chemical Co., & 98.0%) & 7|2 o i 3ol Aluminum I chloride

(Aldrich ., =%: %), Coball 1l chloride (Aldrich ., <% %), Manganese Il

chloride (Aldrich ., &% %), Zinc II chloride (Junseci Chemical Co., £5% @ %)
4l ocopper I chloride (Katayama Chemical Co., £1:99.0%)% dAlflol 1oL

Abgakedel v S M Ammonium molybdate (Junsei Chemical Co., 2%

99.9%03 5 AFg-3t 9},

3 2. MPce §tA

Metal Phthalocyanine® A3 7] $8te] ZL¥l 4ol Fol3 =M %o ule} 3§ 1
¥ 22l 7ol CuPc®] solvent® 2} solvenl-freed @] &4l ui gt datad t7) % &)
of Ao xHeA YE thE Pese FA4E g FF WSl Sty #
Wl w2tk 49ge] urea, 42g©] phthalic anhydride®} tableol Z=o]#]:= 2k¢] melal

chloride ¥ 0.1g2] ammonium molybdates vlo]lz2 2 9} Al Ao A HAF



Solvent method

Phthalic anhydride
Urea
Metal chloride
Ammonium molybdate

Free-solvent method 1

Solvent
(Alkyl benzene)

Microwave synthesis

Phthalic anhydride
Urea
Metal chloride
Ammonium molybdate

Distillation
Microwave synthesis ¥ .
Washing
¥
Refining Flltirmg
l Refining
Drying 7
l Drying
MPc Il
MPc¢

Syl 4 B R FEdENe ¥ 4R
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[y

Classic with solvent MW with solvent MW without solvent

Temperature

(O Purity Yield Purity Yield Purity Yield
0 B0 G ) (20 (%6)
155 84 35.84 92 57.38 94 69.60
- 160 90 55h.34 96 71.03 92 69.29
170 95 8().287 94 8288 94 7%;13
18 )W 95 81.86 94 82.07 96 75.60
'155() 96 7 80.09 95 82.76 o 94 7()58
N 210 - - 95 31.81
i 230 - - 95 81.35

e}
3

¥ Culeel 7 M 8



2 S gvi ot sl Cube?] mh U v E
Final Heating Yield Purity Yield based
Temp. Time (g, after (%%, after on PA
( ) (hr) purication)  purication) (2%6)
160 2 30.76 92 69.29
170 2 31.91 a4 345
130 2 32.16 96 75.60
719() 2 33.27 94 T6.08
2(7)7(7) B ”:ZVW o ‘347)7% 95 81.25
210 2 3817 05 8181
B 35 96 82.27
230 34.97 95 81.35
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o -

4 | o+ 4NIL),CO + Cu? +2¢ —> N Cu N + 8H,0 + 400, + dNH,
T NONT
o A A
phthalic anhydride urea - s
? i ¢ )
o —>| LTN“_"\ NH —> | NH 2 N
o s w— w2
0 o] NH NH NH
phthalimide  monoiminophthalimide diiminophthalimide  isoindolenine
NH, N
- N N
— [ SN, SR LN ey N4 g
- _."“N N~ s
A ke ®
n N .
polyisoindolenine == )
copper phthalocyanine
2% 5. Peol RS o g
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condenser Shielded thermocouple
Stirrer > Oven
- cavity
- Magnetroy
Stirr
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— temperature
controller,

Pyrex vessel Glass fiber (Insulator)
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MPe &gl EAlehis v weZa 4 whgws a7ets] §lstel 0.02M
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ILE s aletel $81A70 §, 0.02M NaOH 489 o] 4+ #e¢)¥ MPe#
CEAL 60T, 1AIREERE Shgke] Al A7), 80T el FRH4 1L whale] Ay 3
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ol 7], S+ #AZ HAF Alszel B, Piz A8 % phthalic anhydridee]l ¥ A,

Mpa:: phthalic anhydride®] 48 2 Maperz 24 MPc®] t#F#ko] o),

21



gyl A gire AAA W oAl g Al XA A A (XRD
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4. Results and Discussion
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Material Final Temp. Heating

Yicld

(Pc) o (T) 'I‘iT_e“(thi)/ (%}

Aluminum 230 2 69.52

Cobalt 230 _ 2 64.90
7;\;55;2111050 230 2 78.52777 .
e om0 am

 comper o 7 86.72

Copper 230 2
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5. Conclusion
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