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A Study for the Microwave Synthesis and Characteristic
of Phthalocyanine Derivatives As Used Optical
Organic Electronic Materials

Ji-Hwan Park

Department of Polymer Engineering, Graduate School,

Pukyong National University

Abstract

Microwave processing in chemical reaction is mainly due to dielectric
polarization /such as dipolar and interfacial polarization, although
superheating can also be important at rapid heating. Few studies have
been reported about the influence of microwave irradiation 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. in the.microwave irradiation.

The feasibility of synthesizing gallium chloride phthalocyanine (GaClPc)
was investigated by comparing —reaction temperatures under the
microwave irradiations with the same factors of conventional synthesis.
The polymorph of gallium hydroxide phthalocyanine (GaOHPc)
recrystallized from GaClPc through solvent assisted recrystallization
method has been investigated.

Also a thin layer of MPcs in the fabrication of OLEDs is usually
fabricated by vacuum deposition due to their low solubility. In order to
apply spin coating technique in the fabrication of a thin layer, the

solubility of MPcs should be achieved by substituting suitable functional

— viii -



group In the peripheral benzene ring of phthalocyanine structure. In other
hand, microwave technology can be applied for the synthesis of organic
materials as green chemical processing with the effiency of energy
because of the inherent advantages of microwave synthesis, which is
selective, direct, rapid, internal and controllable. In present study, a
series of metallophthalocyanine derivatives with different metals have
been synthesized mainly from 4-phenoxyphthalonitrile, metal salt and

DBU through microwave irradiation as a green chemical procedure.
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%G%CI + H,S0, Acid treated :.2. FIKG%OHE
! Neutralized ?[

GaClIPe¢ (Cp,H ClGaNy) GaOHPc¢ (Cy,H;;GaN;O)

CN Quinoline
+GaCcl, — ",

CN

CN N
Ethylene glycol s
(O v, e {85

CN

Fig. 9. The procedure for the synthesis of GaClPc, GaOHPc and VOPc.
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3-2. GaClPc % VOPcd &4
3-2-1. A %

B AN ARE =dES 25 AA gle]l aulE AMEEHJ oW,
phthalonitrile (Acros Organics Chemical Co., £%: 98%), gallium(II)
chloride (Aldrich Chemical Co., TX: 99.99%), vanadium(V) oxide
(Aldrich Chemical Co., %! 98%) % urea (Duksan Chemical Co., =%
99%)E A3 w3824 quinoline (Junsei Chemical Co., ¢%:
99%)3} ethylene glycol (Aldrich Chemical Co., =&t 99%)Z A83%
C}.

3-2-2. AA4 R vpolazs §A FA

A FA AAZ E=9 220We] heating mental (250ml, Hana Co.),
HE3-A] gt 25 A YAl E $d 2% A o7 (Hanyoug P100)<}
FA& 97 f8 HZEo=2 389 KY dddE AFEstach vkg &
712 250 ml® &< Bte At E22aE AFESRSlaL, wEEE 7] 4 &
AE 97 A FHARE ol &t ¢ AlF oW heating matle?} W
Wzt7), ddgE A5kt

ol =yt 94 AA e 7HEE dAUdA Y Z2AE Hxste =9
=

245 A% violazs ofEdAAclHE e, AzE vio]A =}
=4x4d715 Fu5 245 GHz, &9 600 Wl wIdER A4

o]
Fig. 103} zFo] 7pyA wiolazst 4 ZA S Aztetdvh. vlola =yt
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3-2-3. AHAA TA
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Fig. 11. XRD pattern of the crude GaClPcs obtained at 150C for 4 h

by (a) conventional and (b) microwave synthesis.
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Fig. 12. XRD pattern of the crude VOPcs obtained at 150C for 4 h

by (a) conventional and (b) microwave synthesis.
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3-2-5-2. ®%3 54

Aze NRES FERENE 7 A%l KBr pelletd AxF F

pul T,

Fourrier Transfer Infrared Spectroscopy (FT-IR) (IFS880, Bruke Co.,
Ltd, US.A)E A&3te] Al5E59 IR-spectras =743 t}h. Table 1 ©
= 6’L/~4

A ® GaClPc 2 VOPc9 ‘finger print’ regionolA #=% FT-IR
HEHS YEFYAT32]. Table 1 o 23] GaClPce} VOPc E+F

1>

macrocycle ring 7Z2E 7FA 3 o] A AT},

3

b
o
s

)

Aase] FHES A8 Heke] UV 2% F&=7
(UV-Visible Spectroscopy), (U-2001, Hitachi Co., Ltd, Japan)S A}-& 3}
Aok, HES2%  150TC ol A A4 Ho GaClPe 2 - VOPcE &7
tetrahydrofuran®] 1x10° M9 =2 LAz 5 =A% UV-Vis &5
2 E QS Fig. 130 YERAAT. A AR vlol 2 =3 A4
o] A" Algs9 HAET A Anadft S GaClPc®t VOPe B
Z+7} 680, 684nmel A 5 d skAl HHEFSLH

lo
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Table 1. IR spectral data for-the GaClPc and VOPc.

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

GaClPc 439 Y 4 779  TEESER1113 1159+ 1279 1325/

886 1412
723/ 999/ 1325/
VOPC 500 lgeg 1072 CLn 1156 1279 L7
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Fig. 13. UV-Vis absorption spectra obtained at 150C for 4 h by

microwave synthesis (a) GaClPc and (b) VOPc.
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3-2-5-3. MATx 54

el FEE AEE A2 5 vAlF2E vl BEer] 96k
FAE A n A (TEM, S-2400, Hitachi Co., Ltd, Japan)<S Al&38<)
oA A mlelazd FAME Foko] 150ColA A
GaClPc ¥ VOPc® SEM A} Figs. 14~159 YEFH ST GaClPes=
Aa D wfolaza AlRES HAFERZE AY FU granular EG L
2 EA3 AR VOPc GaClPcrth 9 4271 Adl 4 22 uniform3d} A

EAST 9ee & gk

A AR Ao Mol violazst FAH ARE A/ F o
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Fig. 14. SEM micrographs of the crude GaClPcs obtained at 150C for

4 h by (a) conventional and (b) microwave synthesis.
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Fig. 15. SEM micrographs of the crude VOPcs obtained at 150C for

4 h by (a) conventional and (b) microwave synthesis.
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3-3. GaClPc & VOPc® AZAA 3}
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3-3-3. VOPco A2 AZAA st

FA438 VOPcE ol &3 AZAA3 #A4LS Fig. 169 HEW AT &
et A Z 2t~ amorphousElY VOPe 5 g2 ¥ ET¢&n)
NMP 50m ¢t F/F 50mE T &, uwnkgo= A A5 agkalwA

heating mantle?} 94%® &% ZA7](PID)E °]€3le] 6C/mind 2%
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3-3-4. vlo| A2 2AS T3 A2A 3

2 Ao A GaOHPco AMAAS A4S Figs. 170 YeEtdAth. 5
vhet A Eek 2~ Ao NMP 50mE %2 ¥ GaOHPce 5 g& 133 A7t
st wnk stk Fig. 103 2 vlolazy FAFAE o4t %
LEHEEE BT 8C=E o] 80C7HA 714 @ H, 80CelA 1 h F¢t A
Stk wkgo] ¢5¥ Fole VOPcY A4 A2} A4y FIdT
Al R4 AT Aol FEN] AAHL 60ColA 6 h 53 W A

Zepalvh. drlet ede A9 oes S0 NMP el THF= S
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[ VOPc Crude ]

[Sﬁn-ing with H,SO, for 2 h]

[ Neuiralization ]
¥

Conventional heating with various solvent
at 60T for 1 h

[ Filtering ]

[ ‘Washing with methanol]

[ Drying at 607 ]

Fig. 16. Flow chart for the phase transformation of VOPc.
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o [:Added:] H,50,

+  Gacy

oly'} |
In Quinoline
130~190°C-4h

Acid Treatment
2h)

I CxBoCl it Cl0alG) I ( Neutralization )

Washing & Filtering "
( Filtering )
Drying l
N\,

MMicrowave irradiation

(Using various solvents

80°C-1h)

GaPcOH(C,,H,, Gal0)

Fig. 17. The procedure for the synthesis of GaClPc and GaOHPc.
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3-3-5. %4 A=A

AAAsE AEgEe EAHEAL 3-2-594 dF%H X-ray diffraction
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3-4-1. AATE L MATE 54

A eE GaOHPe 31 VOPCe] X-4 s|daeda FAY o] A&
23E Q243 XRD ¥ ©S Figs. 18 ~ 199 el At GaClPce]
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Fig. 18. XRD patterns of GaOHPcs prepared by (a) acid-treatment

from' GaClPc and by recrystllization in (b) NMP and (c) THF.
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Recrystallized

¥ Y.

Acid-treated

Intensity (a.u.)

20 degree

Fig. 19. XRD patterns of the VOPc samples obtained from crude

VOPec by acid-treatment and recrystallization.
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Fig. 20. TEM image of GaOHPc samples obtained from crude
GaClPc by (a) acid-treatment, (b) NMP and (c) THF
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Table 2. Electrophotographic data of discharge measurement for

various GaOHPcs.

DD+ DDs® Eip° Eio®  V§°
Samples Polymorphs - -
(%) (%) (wWem™) (Wem™) (v)
Crude GaClPc Crystalline 75.6 49.6- 2.157. 7.874 83.01
Acid treated GaOHPc I 92.6. 77.5 0.590 9.074 63.05
GaOHPc reaiystaliized I 99.3 97.8 0.148 0.506 29.57
in NMP
GaOHPc recrystallized
, [ 99.0 97.1 0.143 0.425 19.74
in THF
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Table 3. Electrophotographic data of discharge measurement for

various VOPcs.

DD;? DD3" Evr” Eio0” Vg©
Samples e -
(%) (%) (Wem™) - (uwem™) (v)
Crude VOPc 80.9 55.2 5.613 11.147 83.02

Acid treated VOPc 85.7 61.2 0.430 5.454 48.35

VOPc recrystallized

in NMP/H.0 99.8 99.4 0.340 1.141 24.58
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3-5. 4 &

GaClPc B VOPc®| A2} violazst & 23S Table 4 9F

Z}Z} quinoline ¥ ethylene glycole] a2 F &vjeo] F 444 (e) 72 9.16
3} 41.40]t}. GaClPce] 74 %, A HEg-A] 2291 &

Z mlolmz s FAS HAE S Eo A

A3 Ao FAR FeY e,
w3 GaOHPeo] A2 88t AFL s &u) 4ol 72dslo TiOPc
A & Qe HU1gRAG ARET. Ty VOPes A gt
A2A HAE AAD crude W} FAA] $EAAAY 54 o=
9 AARE B ol oje) e Lo dujel alde WA W wa

A VOPce A2 W o2 NMPo o Ed8m=nt 4385 &3l

et

5o oo e APe A gk
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Table 4. The yields of GaClPcs

and microwave method.

synthesized by conventional themal

Yield (%)
Method
130T 150C 170°C 190°C
Conventional 41 48 63 64
Microwave 49 60 67 69
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Fig. 22. The yield of the VOPcs obtained at various temperatures for

4 h by (a) conventional and (b) microwave synthesis.
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4-1. A &

2 AFNM e zEEA Y FRAlE FAToEN F7]Euol g
A E solubilityS 7FA o 2 A tlnfol 2~ A ZFA] wrukd go] foldliu X
g2 Aold e AU E Foisty] AT A4S FF b = 5
ol electron donorx 2] ¢l amino groups T=YaA szl $ske] Lt
Aoz xergAoldS A 7] el o] %+ phthalonitrile & 7 A o

nitro group= Z=¢Yste] g2 Aold FE=AE FA I H, nitro group=

amino groupl & IYPst= AL F=P5A
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4-2-1. A <9
HoAHo| A ZF4UE 2 4-nitrophthlaonitrileS A 7] ¢33 Ao =

phthalimide (Fluka Chemical Co., %: 97%), sulfuric acid (Duksan
Chemical Co., &% 95.%), nitric acid fuming (Junsei Chemical Co., &
%1 99~94%), ammonium hydroxide (Duksan Chemical Co., & %: 28.%),
thionyl chloride (Duksan Chemical Co.), sodium bicarbonate (Yakuri

Chemicals Co., =% 99.0%), DMF, THF (Duksan Chemical Co.,

o
i

99%)E AFE3F9 3 copper(ll) chloride (Aldrich. Chemical Co.,

o
i

97%), urea (Duksan Chemical Co., <=&E: 99%)= A4 glo] AF&3FA ).

Hk-3- 8- uf 2 A nitrobenzene (Junsei Chemical Co.)S A8 33}

4-2-2. 4-nitrophthalonitrile A T+A &4

CuTNPcE A st7] #lsted 4 Z41&E 42l 4-nitrophthalonitrile-&
A 51 9 t}. 4-nitrophthalonitrile Fig. 233 %F o] phthalimideE ©]-& 3}
of e 22 wEs AR 5 G E T34l
(a) 4-nitrophthalimide®] %A

Faba Al Ruuzh 419 E£F 250 mE 500 me AT T2 wpe
Feh=Add ¥ 40.0 g (0.027mol) 9] phthalimide® 3] T4
FL£xE o] &ste] 3BCAA A2 F 45 T wnkE . o
Aagol wep o2 =TS o wkgo] 2 F §AdS 0 CTIHA
WAANN H 1 kgo] EeEol HHs] F v @AdolRE s vt

56



SEo] FAo € WA THIFE R AFHSE 5 50 CTolA 1243 &
oF AZXSIAY. &0 oF 73 %2 4-nitrophthalimideE 4531 t}.

(b) 4-nitrophthalamide®] %4
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0CE FAFHA 500 m¢ A7 & vte Z2tx~=0 &8 DMF 140 ml
£ 593 H tionyl chloride 14.6 M= A 3] & 7FstA . 108 &9k A
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(@) )] (©) N
H — NO; H o) N Q; — NOQ;
CN

Oy
0 Q

phthalimide 4-nitrophthalimide A-pitrophthalamide A-nitrophthalonitrile

Fig. 23. Synthetic scheme of 4-nitrophthalonitrile.
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4-2-3. copper(1l) tetraamino phthalocyanine (CuTAPc)® &4

copper(Il) phthalocyanine?d F=AZ A7 a4 = Fig. 240 H

o2 AAY ZFLEZQ 4-nitrophthalonitrile2 ©]8§3le] copper(Il)

tetranitro phthalocyanine (CuTNPc)E A e &, Z &2 AJold o7 o
9+ nitro group= electron donor # A ¢l amino groupl.Z A 3tst=

A4 o] & Qs

3FeA dAudE AAYH vwolmzma A FAE o]&sto] 555 g
(0.028mol)¢] 4-nitrophthalonitrile, 1 g (0.007mol)e] CuCl: % 0.84 g
(0.014mol) 2] ureaS FUAIAT. W&o F A¥T 50 ~ 25 m7}
A ZFAEAAAM ARola

=4
B2 dUsA maHAieF 3 T/min® s=&522 FA2EE 180~

oo

00C == dHolA 4 het dHs] wEESEE A W5 A AT | A

0 94 3
Aol A A7 548 2wz 10T AT W e A A
WSl B \F, CuTNPcH, Abelsl 8he %ok w2 22 oF 90T

Z552 AN 5, 10T Az 60T, 6 hiEet AZAAY. AZ

N

I ¢ CuTNPc @A & &A438t= nuts &2 #As 7] st 200ml
o] 1M HoSOs F8&H ZF CuTNPecE i A& 1 h 5o Axg

S HE g HAZ F o AxsAch A 8% CuTNPc

YERZ7]E CuTAPcY o772 $AA717] $15o] DMF$ THF ¢
Fouzk 101 =g 100 mE 250 mb #2E A wgEetaad ¥
2 % CuTNPc 3g¥ sodium sulfide nonahydrate 15 g& z+z} Hb3-7
2134 tH35]). heating mantle (250 ml, 220 W; Hana Co.) 9 § =9

°f PID w4 2ZAo7|E FAsta 7o Ed=ol &3 weTE
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NO,

CN Urea
ok +euey, T
CN Niirobenzene

NG, NH, NH,

Reduction
e
THF / DMF

CuTNPc CuTAPc

Fig. 24. The procedure for synthesis of CuTNPc and CuTAPc.
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4-3. 23 2 1 F

nitro 27| 2 %93 phthalonitrile®] F+x%4 ZA3Z Table 59
Bt FxEA o] 229 AH|:= Fourier Transform Nuclear Magnetic
Resonance Spectrometer (JEOL, JNM ECP-400)S AF&3Fo] #4312t}
"H-NMR ©lo]E o] A 4-nitrophthalonitrile®] WA oA 4 =g ES A9
gy 33t zgled Fa-v =2 347F vEY Y =3 FT-IR 29 E
ol A N=O A159-1350cm o A tpebubiz 64 53} oF 1550am ol A

dehtbe ngR A5 B @ 5 e deh YERA} AFHow
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Table 5. 'H-NMR (CDCls, ppm) of 4-nitrophthalonitrile.

sample & (ppm)

4-phthalonitrile  8.43(d, 1H, Ar), 8.67(d, 1H, Ar), 9.03(s, 1H, Ar)
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1-3-2. 234 54

vtol A 2w FAHORE 190TC, 4 h Tt FAHAIZ CuTNPcs ol & &
AAIZl CuTAPc Al 59 XA 3 AAEES Fig. 250 Yetdl At 59
A XA FAAEL Ay rH CuTNPexE 10° mutol A 3 3d9as
7EA ™ CuTAPce FAE Adel 7H7te 3149325 yebdth CuTAPe
°f A9 wWle& 2 soxhlet oAl AAA o] dojts XM AAHS

sl & o Al
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Intensity(a.u.)

Fig

10 20 30 40
2 © degree

Intensity(a.u.)

Soxlet
CuTAPq

10 20 3-0 4-0
2 O degree

. 25. XRD pattern of the CuTNPc and CuTAPc obtained at 190T

for 4 h by microwave synthesis.
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4-3-3. #3% 54

ol

P4 ¥l CuTNPc¢ CuTAPcE &v DMFol =oA UV-Vis S53%
= SASAY. 589 UV 5 2 EdD S Fig. 2600 YEWH AT amine

717 nitro7lel WlE HolEEHG (A max)o] FRFmo R o] FFL o

T AT, CuTAPc® Q-band &+ 9 722nmoll Al el whet
UV-Vis absorption edgeE A 8A1Z 4 & o2 A& E=er[36].
2.865x10° y 1.24%10*
AEg = N (kcal mol™') = N (eV)

9 Aol A= ATY o]==E CuTAPce UV-Vis absorption edgeo°l A
HAASE 3 HYFT peakoll A A S0 sty = I FHS nmaH

HASA A (AbEkE CuTAPce] oly#] ez g2 of 1.65eVE e

g CuTNPc® CuTAPcZ FT-IRS o] &5t 24g A3 CuTNPe

N=0 2% 3z}t 278 E4sk=d], o]E2 o 1350m ‘o)X YE=
g A% oF 1550cm- oA UEbE Hl oA Al =e] Tk CuTAPcol A &
33563 3224cm ‘ol A Ut amine(NH»)e) okgh & 4S5 v}Eb i oH[37].

rr
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Fig. 26. UV-Vis absorption spectra of (a) CuTNPc and (b) CuTAPc.
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4-3-4. AFEA
Maldi-Tof type Mass Spectrometryi= Al &% laserE ©]&3}o] o] 23}

gl & o] o] detectordl sl Bl PAZFe| whe EE ¢ A

Zzrs ol =2 dhvh. A EH CuTNPc® CuTAPcE gvwj THF| 5
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Table 6. Maldi-Tof-Ms analysis of CuTNPc and CuTAPc

Molecular Weight CuTNPc CuTAPc
Calculation (g / mol) 756.07 636.07
Found (g / mol) 755.23 635.51
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435 @A 5%

4-nitrophthalonitrile2 ©o]-&3to] A ef2 L nlolm=zy FAWE 53
CuTNPce &4 FE&S Table 7 o YEFHAT. Table 7 & AH2H, A
&

R R X

oAtk o] FA7]E 7}A 3L Q¥ 4-nitrophthalonitrile®}t o] &4 o] =
CuClx= vwholzZ 237} ZALE vl orientation polarizations F3] vlo]l=
237t & FFEAAT ¥hgo Foletx] = &) nitrobenzene =4

& A3 vholARRE FHe MenE 1 G gaAdd me §37

4-4. 2

4-nitrophthalonitriles ©] 83 wlo]aA =3 FAAHS F3le] o=
CuTNPcE gA g 4 Qldrk T3 CuTNPc .nitro groupg amino
groupl. 2 A A CuTAPcY FAE Sl == =457 ¢35t 50 ml
9] chloroform, methylene chloride, chlorobenzene @ DMF £ vfol] A
¥ CuTAPc 05g-5 Fstol zhzbe] &wmjol] 20l hot plateE ©] &3}
of &A% 23 DMFE Al &g &ufjEel thsiA = solubility7b w9 v
st &= 54 A CuTAPce 4T seol 2 &vi(DMF)el o &l

&

Ae gHEt Fou fA35 gol Re

F71e] drkels AN ;R wheldshe] FEHE wedrhA fulel
FAAF G AR WA @Gt ARG AL ZGRA I FEA 9



Table 7. The yield of CuTNPc synthesized in conventional and

microwave processing.

Reaction-condition Yield (%)
Method ; " . -
Solvent (mf)  Time (h) 180 (C) 190 (‘C) 200 ()
, 50 83%
Conventional .
25 1 82%
. 50 76% 81% 89%
Microwave
25 78% 85% 92%

71



A 5% ZEEAotd Ao F&u A

2 FolAe g2 Aol FEAI Sl FHgGgkel dAIgle] &
¥ solubilityS 7FAl+= A 2A] 21 phenoxy 7] S E= Y3 2 phenoxy”]
A gA ] A wE FFTH 54 AdTFstdn. dAdE ZgEAjold

FEAY 3oty F2E Fig. 270 JERRA G

P
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OR

N
Where R =O

OR
Tetrakis(2,9,16,23-phenoxy) metallophthalocyanine

Tetrakis(1,8,15,22-phenoxy) metallophthalocyanine

Fig. 27. The chemical structure of phthalocyanine complexes.
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5-2-1. A <

4-phenoxyphthalonitrile2 4 37]  $3ste] ol 44 A FAH
4-nitrophthalonitrile®?} ¥7] phenol (Aldrich Chemical Co., +%:
99.0+%), K>CO3 (Duksan Chemical Co., & %: 99.5%), DMSO (Junsei

!
71 43 Alko ® = 3-nitrophthalic acid,—acetic anhydride (Aldrich

Chemical Co., %1 99.0%)5 AH&38F31 3L 3-nitrophthalonitriles 73

ofr

>~ T -

Chemical Co., =% 98.0%), ethyl ether (Duksan Chemical Co. T%:
99.0%), ammonium hydroxide (Duksan Chemical Co., &% 28.0%)& A

A glo] AF-&3 Al 3-phenoxyphthalonitrileS 4 3171 Y8t Al ke Ay

)

[k

9] 4-phenoxyphthalonitrile®} F<stA @ AF&s3ch. &k

fus

gz Aok

Ao FE&u S e Ao == copper(ll) chloride (Aldrich
Chemical Co., <=%: 97.0%), titanium(IV) butoxide (Aldrich Chemical
Co., % 97%), vanadium(V) oxide (Aldrich Chemical Co. T%:
99.6+%), 1,8-diazobicyclo [54.0] under-7-ene  (DBU) (Aldrich Chemical
Co., £%: 98.0%)5 A A glo] AL-& 8Tt OLED ZAAbAl 2HA] o] AL =
Aleko 2=  Poly(N-vinylcarbazole) (TCI), chlorobenzene (Aldrich

Chemical Co., spectrophotometric grade)S A Al {lo] AF-&3}%t}.
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5-2-2. 4-phenoxyphthalonitrile ATA T A

A4 91 4-phenoxyphthalonitrile= ¥4 3F7] 93] phenol (3.5 g, 0.037
mol), 4-nitrophthalonitrile (4.5 g, 0.026 mol)= DMSO 52 miol] F 3t
¥, KoCOs3 (752 g, 0.053 mol)= H-7FetaL whoja =3t A8 A el A nf
oA 21 F9 400Wstol A 105t 7Fd ettt wkg-o] & Fof

fol
)

N
N
(o]
9,
&,
v
il
ol
ol
2

=o 250 mol daEol FoiM AAS HEAK Fol FUd

AFAZz7IA 60CoNA 6A3F AZAHY. AZX7F 3 A2ES 100
ml 2] methanol/water (1:1/viv)& oA AAAHsI] & (6% 242
AAS 539 HH38].

5-2-3. 3-phenoxyphthalonitrile A+ A A

3-phenoxyphthalonitrile S &4 8l7] 984l = Fig. 289 YEFT A
3-nitrophthalonitrile®] 4] 2} o] A ¢ = of o} Fr}[39].
(a) 3-nitrophthalic anhydride<). &4
100 mé %< vty Zgb2=9] 3-nitrophthalic acid (42g, 0.2 mol)}

jincs
ol
K

acetic anhydride (40 g, 0.4 mol)& % , Sdo] FrstA Hol7] A

Zskar MAe B W 7hA wrEES ZFEEY F71 A § 108

g A 5 mapAbe] §olg A Aol Ral, AFEel A WA, W
b & ZeE o v 15 m o ethyl ether®t T wHapAbdho] R %

AVNES ZAA B 22 B34S 13 dhrEd g3 50Col A 12417 A
Z3td k. &) 78% (32.7 g)¢l 3-nitrophthalic anhydrideE < ¢lt}.

(b) 3-nitrophthalimide®] ¥4
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3-nitrophthalimides @371 HsiA  ZFek2==dd  29% ammonium

hydroxide 35 mlE # 7}38}al, 3-nitrophthalic anhydride (25 g, 0.13 mol)

S FY% ¥ 6 inche] F8] @S HbSFo Ao Fro] =EAI
PID7]7]e] 9 A% heating mantle2 ©] &3] 290C7tA 7}4d3le] 4 hs et
= 3}A TE&0o] 80% (20 g)d TAGEH AAAES AUt Ao

3-nitrophthalimide= ¥ X9 AxI}A Haglo] v wgo A& F
A AT}
(¢) 3-nitrophthalamide®] %4

29% ammonium hydroxide 60 ml{7} ©Z T vfg A ZEp2A0

=~
>

3—-nitrophthalimide (23.7 g, 0.123 mol)2> F435t12 32 M| suspention®]
72 A2 A aRke § A5C7HA] A A8 7FEshal 5 hs et fr A

A ZIth w8 B Ay ES cold water®Z A HEH A 7oty st A

ZolAer. F&o] oF 64% (17.2 g)8l 3-nitrophthalamideE 45 &} % t}.

(d) 3-nitrophthalonitrile®] A

T ovtg A Z 239 DMF 38 mE T35, 25E 5C~7C=

A A1 7] A thionyl chloride 25 mlE FYatar, 3A7F ok wwd &

oy
@
lo
rfo
b1
=2

3-nitrophthalimide (7.014 g “33.54 mmol)< 7} 3kaL, 0C ~57
A 6 hEek stk Aoy 2 bk FFHe wwg stk
Hho] £y d5& 160 go] 9 vlo]Ao HAAEE HHds] Fof 4

A7l & Aol AT 5US W cold waterZ A 2 FHA 7Heto] w}Ear
A ST}

3-phenoxyphthalonitriles @A 37l 18 4719 AAS T3 AL

3-nitrophthalonitrile= ©]-83}¢] 4-phenoxyphthalonitriles &4 3 34 3}
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COOH (a) : : (;\,; (©) Ctty  (d) CN
0 NH  o— —
COOH CN
CONH,

NO, NO,

Fig. 28. synthetic scheme of 3-nitrophthalonitrile.
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5-2-4. tetrakis(2,9,16,23-phenoxy) metallophthalocyanine &%

vfo] 3 23t FAAFAE o] 83t 4-phenoxyphthalonitrile 1 g (4.4
mmol), copper(Il) chloride 0.30 g (2.2 mmol), DBU tmE 100ml 17 &
< vy Fgaad FYe s 3579 S d6h7] st HO0 70l E

nfol a2 I IS o]gsto] HIFsTE wEsTol WAHS AAS o
nfol A2} 400W9 &g o2 108 F¢t 7dsle] 8w A4S U
[40]. Fig. 29 ~ 30°] 4-phenoxyphthalonitrile®] do|3}A 3} FHFE&E F

Fol  we ZgErord FARFS  HEJATH4LL  titanium(IV)
butoxide 0.42 g (2.2 mmol) ¥ vanadium(V) oxide 0.2 g (1.1 mmol)Z
o] &stol ot 22 WHow GAGAT. FAEE A== oF 500 ml o
methanol / water €8 (1:2 / viv)E Al H 383l 60CelA 6 hagt
3l ol

A AzsPdy. Ax7F £33 5 o] column chromatography (silicagel,

chloroform) & # A 5} $3 o},
5-2-5. tetrakis(1,8,15,22-phenoxy) metallophthalocyanine &%
obx A E  tetrakis(1,8,15,22-phenoxy) metallophthalocyanine &4 ¥

¥ F U3 WY o2 3-phenoxyphthalonitrileS o] &3lo] 3709 FAF%

2 zEERAod FEAE AT A A ES Fig. 310 “ERY
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N b .
// NN
— RO N H,0
RO ~ . : —— RO N ——
SN ;
) " N
H o o]
N — H A—
R N R » R Y
BR= | ]
NH NH NH,

Fig. 29. Mechanism of the activation of 4-phenoxyphthalonitrile

during the formation of phthalocyanine derivative.
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Fig. 30. The procedure for the synthesis of tetrakis(2,9,16,23-phenoxy)

metallophthalocyanine (MPc; M=Cu, TiO, VO)
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o phenol
en DMSO CN R= O 1-120

NO,

Fig. 31. The procedure for the synthesis of tetrakis(1,8,15,22-phenoxy)
metallophthalocyanine (MPc; M=Cu, TiO, VO)
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5-2-6. OLED &=# 9] A=

2emx3cm® A 7] & patterning oY= ITO 32 7|#S  detergent
water, deionized water, aceton, isopropyl alcohol&A 2 Z 32 A&
st AeFUSTS A7 fste] z2EEAobd F2A la (14 mg)E
4wl chlorobenzene (1 m)oll =9Q1 % syringe filterE ©]-§3te] o] 73}
th 2o vy og npelE 20l PVK (Poly N-vinylcarbazole) 6 mg<
chlorobenzene (1 ml)el =9 % syringe filterE o] &3dto] o7&t A

A la €4 05 me PVK &Y 05mE vho]la= I3& o] &3fo] 7h7zt

0% AFFATL AR Algy HFTVE S0mz AT T2l
o) ~2 A2k Fig 3201 BVKS Algsel 3kt 2 Stz o} Alzhe 2o
TZ2E e A
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e

| Al

Alg,

Pc derivative + PVK

ITO

Glass Subsirate

Al

Alg,

ITO

Glass Subsirate

Fig. 32. The structure of PVK, Algs and OLED device.
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5-3. 23 42 1%

phenoxy X 37]|5 Z=Y3% phthalonitrile®] X 3A el F+ZEXN A=

Table 8o WeERH AT H-NMR HolgolA YEZZ7F 9l= wlAlare] el

jus

]H7
4 peak”} 370, ether A& o= dAH WAl o 44 peak”’} 5707F

UEys FT-IR 23 EdoA 2230 cm (C=N)¥} 1233cm (C-0-C) Z

=

1 5 2=

o] 3 4 9l gof wek phthalonitriled] X3 A7} A2 o=z

Aol HAw= & # AUtk

hin
ol
tlo
ot
o

<
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Table 8. 'H-NMR (ppm) of 4-phenoxyphthalonitrile (CDCl;) and
3-phenoxyphthalonitrile (DMSO-ds)

sample 8 (ppm)

7.71 (1-H, d, Ar-H), 7.46 (2-H, t, Ar-H),
4—phenoxyphthalonitrile 7.22-7.33 (3=H, m, Ar'-H)

7.07 (2-H, d, Ar'-H)

7.82=7.86 (2=H, m, Ar—H)
3-phenoxyphthalonitrile 7.49-7.55 (2-H, t; Ar-H, Ar'-H)

7.23-7.34 (4-H, m, Ar'-H)
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5-3-2. 2R% 54

slelams FAMon Tau FAH xZgmaAohd FE=A (la, Ib,
lc, 2a, 2b, 20)9] A 559 XA 3 Hd3d=S Fig. 33¢] Wbt Fof
A XA HANES Avnd BE TS & 5 U, o]t AE A

1o
= =
ZA ol EA S AlFalx o AlrH

87



b P, (2c)

M.., - (1c)
b F— (2b)

P“mmm‘” (2a)

10 20 30 20 10 20 30 20
2 © degree 2 O degree

Intensity{a.u.)
Intensity(a..)

Fig. 33. Comparison of XRD pattern of (la, 1b, 1c) and (2a, 2b, 2¢)
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dAdE g2 Aold {FEA (1a, 1b, 1c) ¢ (2a, 2b, 20)9 A|5E°
SAYE UV & =HERY =53 A5 %< Fig. 34 3 Table 99 Y&
W Table 9014 & < glko] Zezxobd ok A ag o
phenoxy”7] el = o= 3] (1a, 1b, 1c) ¢ (2a, 2b, 2¢)o] &3 =7} &0l
o ATl wAgle]l FAHAG. = la, 1b, lc, 2a, 2b, 2c¢Y
UV-Vis & Az FA4d 999 681~724nmoll A YEFSE AL, Apax
= SAFS0] copper?l la, 2a°lA H U titanium oxide, vanadium oxide
ol 1b, Ic, 2b, 2col A" B & Fhol HEhun. o= AadAs 7Hd =559
Al o8 A olFol dojwsS & F Atk (la, 1b, 1c)
(2a, 2b, 2¢)9 band gapdt (1.76 eV, 1.71eV, 1.70eV), (1.72eV, 1.68eV,
1.65eV)dol wet xgkA1e] ¢z zke]ol 28] Q-band (n-n transition)2]
Fagd olso]l dojwal ol Ze=EAold FEA 7 OLEDOA A+
TFYUFoE 2AdvW ZEES AT T ol Zhsal A2 AbsHE TH42].

d4" ANEES FT-IRS ol&sto] B4 Ay s ARdA

ko
rok
o
>
)
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Absorbance
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Wavelength (nm)
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Absorbance
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Wavelength (nm)

Fig. 34. Comparison of UV-Vis spectra of (la, 1b, 1c) and (2a, 2b, 2c¢).
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Table 9. The properties of (la, 1b, 1c¢) and (2a, 2b, 2¢c) synthesized in

microwave processing.

I % X 1074 AA° AE
Sample  Solubility mex mex max N

(M) (mol~'em ™) (nm) (eV)
1a excellent 681 9.9 - 1.76
1b excellent 702 16.1 21 1.71
1c excellent 704 11.8 23 1.70
2a excellent 694 7.4 = 1.72
2b excellent 713 9.5 19 1.68
2c excellent 724 9.3 30 1.65

“measured in CHCls, CH:Cls,CsH5Cl, HCON(CH3)-
"measured in CeHsCL Amax(1b-¢) — Amax(12) and “Adiax(2b—¢) — Amax(2a)
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5-3-4. A% BA

FAAE (1a, 1b, 1c) ¢ (2a, 2b, 20)& LA 4-3-40]4 AFH LYHEZ
B AFEAVIE ol Estd TAFs SAs] Hstel v THFl =<
% matrix® a-Cyano-4-hydroxy cinnamic acid (CHCA)ES o] &3}o] &

AFE SA% 2435 Table 109 e ).
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Table 10. Maldi-Tof-Ms analysis of (1a, 1b, 1c¢) and (2a, 2b, 2¢).

Molecular Weight 1a 1b 1c 2a 2b 2C

Calculation (g / mol) 944.5 944.8 947.9 9445 944.8 947.9
Found (g / mol) 944.0 944.9 948.0 944.3 945.0 947.5
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Table 11. The yield of phthalocyanine derivatives synthesized in

microwave processing.

Compound Temperature Reaction-Time Yield

synthesized () (min) (%)
1a 265 10 66
1b 260 10 59
1c 262 10 55
2a 264 10 61
2b 260 10 o6
2c 263 10 44
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5-4. 4 £

npo] A2 3 YA E o] &3t ZEZAlold kel phenoxy”Z]l 7t E Y
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3) OLEDAAZe g2 f8 Zazsopd FEAZ F4d 23

tetrakis(2,9,16,23-phenoxy) metallophthalocyanine (M=Cu, TiO, VO)7}

el A AFFYFoR AEHANS AL, FAAF] A% 5ol

YA &o] o]Fo] HES & 4 AAA T brightnessoll sk A &3 golE

—_

g Q7] AANE AFFUFOR AFH AL Tez Aokl ulel o)
o ¥% gunAst % FA i FAF ol FHo] a7 oA}
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