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Synthesis and Properties of Near Infrared

Phthalocyanine Dyes

Jeong—Woo Lee

Department of Graphic Arts Engineering, Graduate School,

Pukyong National University

Abstract

In 1907, phthalocyanine was found.by Braun, in turn, synthesis was
made by Linstead and industrialization was. settled by Wyler.

Phthalocyanines are macrocyclic complexes whose m systems provide
their unique chemical and physical | properties and owe their dominant
positions as blue' and green dye to their intense absorption at long
wavelengths' of the" visible .spectrum and near infrared. In addition to
high stability, “they has been investigated in variable .fields such as
optical data storage; “solar-.cell, sensors..and ‘OLED. But owing to
extended 1 system, co—planar association of the phthalocyanine rings
cause aggregation and it negatively impact solubility in common
organic solvent.

In this study, we have solved the problem of insolubility by
introducing alkyl and aromatic substituents at phthalocyanine.
Substituents cause substantial disruption of the van der Waals and
strong lattice forces of the parent phthalocyanine and hence help
confer solubility. Also, substituents gave rise to bathochromic shifts of

red and near infrared region.

_ix_



]

3 A
] o

S

=
R,
=

=13
=

3}

3 f7h A, ol
FAW, @A AT}

foiz
=

i oF

1. A

=

Al

34T g AA AR EA

]
TR

oF

4
5
o
<0
=

o
Hr

%O

K
ol

A

3

o]

o

7HAH W, e, WekEA =

]

Ny

Ao 21934

1 Linstead 5l 9

A
ol

19079 Braun % ©]

-

of s g ey Ho

oy

AAGA A F

e
553 IR E

)A
Nr

REERE

-
1

24 dHe Aol

SIR=



Jobdel

Zga

TR

o

1

7]

-
1

webA, B el A

_ZTI

N

=
=

g0 o3} A

o

[}

}

<t
der Wals force)<

g obue), 287

7F 7}

HH
LN

A2

AO
700
il
M

—_
"o

Al = 3lem,

°

1

o

P~

=T

9] 4 (Near Infra Red) % < 7}F=]

A
L.

o uet



2-1. Phthalocyanine®] & ¢”

Peripheral
Substitution

H

Indole
(CgH.N)
Isoindole

Figure.l. The moleeular structure of phthalocyanine.

ZeZ Aol d 2 Figure lef- X %] 50| isoindole= -4 ¥ macrocycle
ring 72 FEHE At Aok ZERAobd T4l 27}, 37F 47 59
F&£07 39 PSS F&  ZEE Aol (metallophthalocyanine

MPc)olet star Falol w&o] AeH A il F o] FLaEAE A=

L

A5 Fa4 ZEE Ao (metal free phthalocyanine)olgl gt 7h
2

1= S
334



el

¢}

TEE A=

A (delocalization) ¥+

A

b2

conjugation ¥ m Hx}7} H]

il
I

ZHA A E

2-2. T o] ¥

X3 xAd

1868 Graebe®} Liebermann<

2-2-1.

2-2-2. #AG4

, o] AL 18564 W.

187611 O.N.Witt(=¢)ll

o)

Mauveo] 2

Ll

A

=13
=

H. Perkin©]

AL
00

o}
N
B
™

R

o

i)

!

A ¢ (chromophore) ©] 2+

Al

4
gol AARE, o 7]l of

XN
X

Al (chromogen) 2t &%t}

A

&e] BAZE =B o]zl A

XN
X

o]

=]
=

I~
Bn
)

)

e

o

el



Al S
=

3

2}

[ex]
=

EER

A] Al
= |

Al ol

]

-
R

A L

=4

o5} ol

IR

oY
=
N

K

it
2K

el

2

AR

AAFol A 7L Ho] ¥

o
e

!

A
o

=

W, wAee AR gdst 5o

ERNERERY

TR

—
fite)

o

)

NO,
NHCH;

Dye
0]
C
-SOsH
A S

HO
-COOH,

B},

[e)

=
-NHCH3,

W o

NO,
AP 5

—-NHo,

m
C

A A (B, bathochrome) 2}

Chromogen

~OH,
A A Sl

Al 4
o=

°

{ Hn

2

P el
X
B

=

)

e
4
Aol

et

_NOQ

o,
Table 1. Classificationsof chromophore, chromogen and dyes
—N

Auxochrome

ki3

!

A
e

Chromophore

1
o =

=
T

T

e

=
H

A
e



)

hypsochrome) ©]

ot

1 WERH ™, alkylst

o ]

HR7|Z

Ao Aol

[e)

=

]

-
R

A
=
Ao
X

b o

0]
pul

&t

o s
SEERE

H 5} 2l
#}7F 49, ¢

3

AN A
~

=4

3l

%
1=
A0 A

™

7] o] Wsle] wel o1 AF7F Wiy o] W
Al

shapol A s

2 ol

[e]
A=

el
il

A

Z
)

)
=

ot =7l FA7jE T 2 ERT AT

2-2-2-1. 2099 g

91

o

bol A AA w7

°

7 A,
b AaA w37k AR

=N

A A
-1

=

ofH] =7 =
A]

e,

Yol AaiA 37} o)

=

=

©

7}
H7F AR AY A7E Y, alkyldt B arylsbol 2

e, acylslel ¢

3

SRR

-

2-2-2-2. TG FF

acyls}

N
NJo

M



» 2
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Figure 2. The effect of chromophore.
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Figure 8. The effect/of chromophore closing ring phenomenon.

2-2-2-3. 2AF A7]8 ¥

)
—_

N
NJo

o

e w Aag w3k e

N
NJo

54 ol

B

SEEIE

Z

S/t sl

ol

<H

T
Y

FaA T, A9

)

=13
=

e Witte)

W tetramethyl p—aminotriphenyl

=
=

ofgtt. o =

-
1

}71

fite)
X
el

3

il
s

o Aol

carbinol

o7 % &t

N

)
N
o
!
jint

K
el

b

o]

H

o)
ojn

ol
K

2-2-3. Axo]=A

shibolth.

&9

o]



o]=4-& 18821 H.E.Amstrongel <]

;r;ql_l_
[ I

th

?;51_

TEE 7HA ok
olm, B2} Fol| ortho-quinonoid

AW 71272

)

E o=

CRIEER

il
il

—

O

o)
o

=

)

FHol

il

=]. O
AH g

=
=

¥ += para—quinonoid”]

bR E A AL

3|
pud

Aot A2 A5 Sl o]

ik, 5

| ol 2471 427} 5

7

1
=

ol

)

—
fite)

para—quinone type

ortho—quinone type

Figure 4. The type of quinone.

ol

<

}'H Amstrong

k5
=X

oA

23 2ol

A%, o

[e3]
2R

oy



(0] OH
+2H : iO +2H : :OH
(@] OH
(@] OH
yellow colorless red colorless

Figure 5. The reduction reaction of quinonoid compound.
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Substituent . . . .
H H 305 312 312 318
OH H 316 - - 348
N(CHa)2 H 332 351 379 410
NO. H 342 346 330 334
NO: OH 370 S F 386
NOz | N(CHs)z 425 450 422 478

9ol FA M BH A B, C, D9 7|2 Fxo| @A &7 =4
7] ¢kolx 300nmol el el F4£E BelET o= 7

a7 vest ge TRFEE dehlz] F RA4FHY Qe o152

Fol n AAE oo SolelA 300mmelYeNN F4E vehe Row

g,

H e 0o o (Umm e

Figure 7. The resonance structure of stilbene, benzylideneaniline, azobenzene.
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/1918 Table 3
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1 AAFe] o]% ALEE C=C < C=N < N

—
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F el dojyr] {47
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=
Z Aol Linstead H¥ Wyler ¥ 5=

Figure 8. The resonance effect of long wavelength absorption.

A= AAe) o]Fol 2

oA We] F7 dojub Al Hrt
HERZ|7} A 87|2 E=dHolx o

dimethylamino”] <}

L P

2-3. Phthalocyanine9 4%

@t

o

ToR
—_
"o

o

_15_



2-3-1. Wyler $A4 4
Wyler RS AdsA g2 AloldS FAT F+ JdATH HErh

7} 24 e wARol ok

0
O urea

metal salt

0] molybdate

or >

0 solvent

NH

0

Figure 9. Wyler process.

2-3-2. Linstead &4 H
Wyler &/3% e H]8] B-§T =7 A5 AL 714 o] vt = w3 o]

[e3]
2R

metal salt

@CN base
solvent

CN

Y

Figure 10. Linstead process
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AT A E Linstead HS o] &3to] TR Aol dyeE TSRS

W Figure 11, 12¥ 71 #AS =243} 3 Ao|t}. Figure 11& X377}
Z 87 =9dHE AAE Y Ao R 23-Dicyanohydroquinone<

[€)

tosylation A|AA 7] 215 =Y 5 A= GAE s, olgA

[

REEolxl &9l A 47h7F st vkgS sto] F 879 A gh7|7h =]id

gz Alohd dye® FAshE whgolth

NG  OH
o)
HO
\ N Ns
K2CO; v oN
CH3CsH4S0,Cl R
\
S N/
Acetone
& AN
40% <b<° SR RS
NG  OTos NC SR &
RSH <
NC NC
DMSO, K2COs3 o
TesO RS o
2 v"06,
@/}% (/
R= PSRN o4
\ N N\
NN

Figure 11. Preparation of phthalocyanine derivatives 1.

Figure 12+ A|&7|17F & 16717 === A4S el o=,
Tetrafluorophthalonitrile®] X]3+71& 47] =<sle] @ AS wE11, o]
A e A 4707 st S-S sko] F 879 X3V =Y H

zgrzAohd dyed el wgolT,
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CN  KF RSH R CN
—_—
CN Acetonitrile R CN
SR

O

Figure 12. Preparation of phthalocyanine derivatives 2.
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3. 4 ¢

|\

3-1. FAAIY, 25 R 98 84 54

A

3-1-1. FAA

Ao AbEH A9k 22-Dicyanohydroquinone, p-Toluenesulfonyl
chloride, Tetrafluorophthalonitrile, 1-Hexanethiol, Potassium carbonate,
Potassium fluoride, Thiophenol, 1,8-Diazabicyclo[5.4.0lundec-7-ene(DBU),
1-Pentanethiol, Vanadium(III) chloride, Copper(I) chloride (Aldrich
Chem. Co., 9%)s= AA glo] AL&ston, A& ¥ &1j= Acetone,
Dimethylsulfoxide(DMSO), _Acetonitrile, 1-Pentanol, Methanol, H>O

(Junsei Chem. Co.)%5 o2 SF Aok ARE8L

UV-Vis Spectrometer= #3454 S sS4t Av=4, #4334 3
= Alsel Asld EE ANGAS GAAA ol A e W
P& ZABTh Ao Y e g, S wet FREst 2o

FAdE ZEEAold e FstA BEA4S dotrr] 98 SHIMADZU
UV-3150% o]-&3lo], MEK(Methyl Ethyl Ketone) solventolX &%

2 Fee FAstgov, 247 Al FFHFOmadd WA=

.
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gE zZEEAobd dyed o] &dto] 38 dEomA] HE oA
S #let7] 918l PMMA (Polymethyl methacrylate)Bt¢Itiol £ ¥, 2
Prol wrrt 20%7t HEE 2Yle Azsq AL oRE T
7} 100um<&! 338t PET &5 AF&3to], Auto Bar Coaters 3 ZH=E
Aobd  dyert Hrb® #we @E2S AFen, 28 54 AF7)
(Temperature & Humidity TEST Chamber)E& ©| &3t &% 80T H#%
0506 Z7AG|A 10047F Sk 74st RS sto] WA A A, e =
g WA o} MEFE HEAE AFS AT

3-1-4. &= L E4RBAH 53

Fad 2R A okbd idyed] detHAS SAE7] #lal TGA (Thermo
Gravimetric ‘Analysis) FH]E A&t TGAT LWt WE AR
of FA WaE FAstE FHEA, £-FA Hskd FHA0RRYH AR
o] w3l AH, ARt 2=
SHIMADZU DTG-60& AF&st oM, 2 &%= 10C/min, 2 4&(Ny)
w971 A S ekttt

Gl 100ge] &ujell Hoz2 & F de 49 AFor =

Acetone, M. C., Toluene, Hexane, THF, MEK %¢] 7] &wjo]a, &2

o

S
T

i)

Fge kR Ajobdl dyeolt.
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3-2. VOPc 13 CuPc 1 &4

3-2-1. 2,3-dicyano-1,4-phenylenebis(4-methylbenzenesul-
fonate)] 4"

100ml three neck flask®l 2,3-Dicyanohydroquinone(2g, 0.0125mol)>}
Acetone(30ml)& il kY 23-Dicyanohydroquinone®] 83 5 1,
Potassium carbonate(7g, 0.05mol)¥} p-Toluenesulfonyl chloride(5.3g,
0.0274mol)-& a1, 12213t reflux Al 71t

Thin Layer Chromatography(TLC)S ©]-&3&}o}-2 3-Dicyanohydro-
quinone®] EF A% H AS Fold & Ae7pA] WAA I, HEg-H T}

q2o] HH EGOmDE YW1zt g% uwuksich 2 Methanol &

o

washing & ©}aL, A2A A He AF A FA455(79%)S At

NG OH Potassium carbonate NG OTos
p-Toluene sulfonyl chloride
NC > NC
Acetone reflux 12hrs
HO TosO

Figure 13. Synthesis of

2,3-dicyano-1,4-phenylenebis(4-methylbenzenesulfonate).

3-2-2. 3,6-bis(pentylthio)phthalonitrile®] %43

100ml three neck flaskell 2,3-dicyano-1,4-phenylenebis(4-methyl-
benzenesulfonate)(4.3g, 0.0092mol)¥} DMSOMU40mDS ¥ i, 45C= 7}4
st A nHkskt}, 2 3-dicyano-1,4-phenylenebis(4-methylbenzenesulfonate)

o] gafuHd, A2ox WzZtA 7l 3 1-Pentanethiol(2.4g, 0.023mol)S 2



A zF o wk& A 7IT)
TLCE o]&3lo] WS 3¢l & EG0mDE 9, 1A A% wwksic),

ZE & Methanol® washing3dtal, AZAA AFA A 22g(72%)S A
AT,

NC OTos 1-Pentanethiol NC 84/_/7

Potassium carbonate
NC

Y
z
3)

DMSO rt 8hrs
TosO S

Figure 14. Synthesis of 3,6-+bis(pentylthio)phthalonitrile.

3-2-3. 1,4,8,11,15,18,22,25-octakis(pentylthio) vanadium
phthalocyanine(VOPc 1) 34
100ml three neck flaskell~3,6-bis(pentylthio)phthalonitrile(2g, 0.006mol)
7} 1-Pentanol(30mD)& Y i ¥kl Vanadium(IIl) chloride(2.4g,
0.015mol) ¥ 2 refluxA] 71 %, DBU(0.73g, 0.0048mol)E Y=t} 12A17Hs
b WA silicas AFESFO] column F FFAIXIG dbAS H=

7 71T}

rlo

Al 248 Methanol® washing & A%A17

_4

i
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NG SA/_/i

Vanadium(lll)chloride DBU
NC >
1-Pentanol reflux 12hrs

S

-

Figure 15. Synthesis of 1,4,8,11,15,18,22,25—octakis

(pentylthio)vanadiumphthalocyanine(VOPc 1).

3-2-4. 1,4,8,11,15,18,22,25~0ctakis(pentylthio)copper
phthalocyanine(CuPc 1)9 &4
100ml three neck flaskell -3,6-bis(pentylthio)phthalonitrile(2g, 0.006mol)
7} 1-Pentanol(30ml)S ¥ WSt} Copper(Il) chloride(2g, 0.015mol)
23 refluxAl 1 ¥, DBU(0.73g, 0.0048mol)E 2 =th 124 {H&<F BES-A]
&

3] column & F=AZt A2 % AE Methanol

rlo

71t} silicas Af

2 washing & 7AZ2A] 71}
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NC, SJI

Copper(ll)chloride DBU
NC

\J

g 1-Pentanol reflux 12hrs

-

Figure 16. Synthesis of 1,4,8,11,15,18 22,25-octakis

(pentylthio)copperphthalocyanine(CuPc '1).

3-3. VOPc 2%} CuPc 2 &4

3-3-1. 3,6-bisthexylthio)phthalonitrile®] 34

100ml three neck flaskell ~2,3-dicyano—~1,4-phenylenebis(4-methyl-
benzenesulfonate)(4.3g, 0.0092mol)¥} DMSOM0mDS ¥ i, 45C= 714
st A n Wk} 2 3-dicyano-1,4-phenylenebis(4-methylbenzenesulfonate)
o] gajEH, Ao WzZAlZl ¥ 1-Hexanethiol(2.7g, 0.023mol)S %
a1, Potassium carbonate(5.1g, 0.036mol)S 2A 7H5ot AEsA Y=t} 6

AlZE B REg-A I

ro

TLCE ©o]&sto] wbg &<l 5 Z(0mDe 9L, 1AZF A wukgith

B ¥ Methanol® washingstil, AZAA AFA A 24g(72%)= 4

At



NC OTos 1-Hexanethiol NC J_/_/

Potassium carbonate

w

NC

Y
pd
O

DMSO rt 8hrs
TosO

Figure 17. Synthesis of 3,6-bis(hexylthio)phthalonitrile.

3-3-2. 1,4,8,11,15,18,22,25-octakis(hexylthio)vanadium
phthalocyanine(VOPc 2)9 @4

100ml  three  neck  flask®ll 3,6-bis(hexylthio)phthalonitrile(2g,

0.0055mol)3} © 1-Pentanol(30ml)< | Y32  ww¥kskt} - Vanadium(II)

chloride(2.2g; 0.0138mol)2 3 refluxAl 2l ¥, DBU(0.68g, 0.0044mol)E %

=} 124135 " A It} silicas Ab

&35t column ¥ FFAZHh
A #H-S Methanol® -washing %~ & A 71 k.

rlo
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NC SJ_/_/

Vanadium(lil)chloride DBU
NC >

g 1-Pentanol reflux 12hrs L\\\\ <///J
\_\_L Ne

_ON

f%;@*b\

Figure 18. Synthesis of 1,4,8,11,15,18,22,25—octakis

(hexylthio)vanadiumphthalocyanine(VOPc 2).

3-3-3. 1,4,8,11,15,18,22,25~octakis(hexylthio) copper
phthalocyanine(CuPc 2)9' &4
100ml  three  neck " flaskell 3,6-bis(hexylthio)phthalonitrile(2g,
0.0055mol) 2} 1-Pentanol(30ml) <& HaL A 4= Copper (1)
chloride(1.86g, 0.0138mol)¥ 3L refluxA|Z1 ¥, DBU(0.68g, 0.0044mol)E

Y=t} 124175 B8 Al 71T silicas AFE3HY] column & FEA| 71T

o,
rlo

A 214 S Methanol® washing & %A 71t}
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NG SJ_/_/

Copper(ll)chloride DBU
NC >

- z;@ %3\

Figure 19. Synthesis of 1,4,8,11,15,18 22 25-octakis

(hexylthio)copperphthalocyanine(CuPc 2).

3-4. VOPc¢ 3¢ CuPc 3 &4

3-4-1. 3,6-bis(phenylthio)phthalonitrile®] 343

100ml three neck flaskell ~2,3-dicyano-1,4-phenylenebis(4-methyl-
benzenesulfonate)(4.3g, 0.0092mol)¥} DMSOM40mDS ¥ i, 45C= 714
st A nHkskt}, 2 3-dicyano-1,4-phenylenebis(4-methylbenzenesulfonate)
o] &3y, A2 WYzZtAzl ¥ Thiophenol(2.5g, 0.023mol)S
Potassium carbonate(5.1g, 0.036mol)= 2A|HsSF ARSIA €=t 64
ZF o WEg A7t

TLCE e]&ate] ¥hg 2l & EG0mDS ¥, 1417 A% uykghel
B % Methanol®Z washingslil, AZ2AIA AFA H7H 2g(65%)= A

At
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NC OTos Thiophenol NC S@

Potassium carbonate,
NC > NC

DMSO rt 8hrs
TosO S

O

Figure 20. Synthesis of 3,6-bis(phenylthio)phthalonitrile.

3-4-2. 1,4,8,11,15,18,22,25-octakis(phenylthio)vanadium
phthalocyanine(VOPc 3)¢] 34
100ml  three - neck  flaskol 3,6-bis(phenylthio)phthalonitrile(2g,
0.0058mol)#  1-Pentanol(30mDe %12 wyHgETE “Vanadium(III)
chloride(2.3g, 0.0145mol)*3 i reflux~| 7 %, DBU(0.7g, 0.0046mol)E %
=k 1221350 BES-AIZIY silicas AFSS8EY] column & EE AT
)

ohe]

o
rr

A& AHS Methanol® washing % 7 %A 71t}
s ;>: N:i\ s

Figure 21. Synthesis of 1,4,8,11,15,18 22 25-octakis

/:/ Vanadium(lll)chloride -DBU

; 1-Pentanol-reflux 12hrs
S

(phenylthio)vanadiumphthalocyanine(VOPc 3).
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3-4-3. 1,4,8,11,15,18,22,25-octakis(phenylthio)copper
phthalocyanine(CuPc 3)2¢ A

100ml  three neck flaskel  3,6-bis(phenylthio)phthalonitrile(2g,

0.0058mol) ¥} 1-Pentanol(30ml)& @i ¥k}l Copper(Il) chloride(2g,

0.0145mol) ¥ 22 reflux*] 71 ¥, DBU(0.7g, 0.0046mol)E Y=t} 12A]7Hs

oF WkS-AlZIt}. silicas AFE3FY] column & A7t

& A AAE Methanol®2 washing §& A xA 71t}

o O
Copper(ll)chloride DBU

Figure-22. Synthesis of 1,4,8,11,15,18 22,25~0ctakis

(phenylthio)copperphthalocyanine(CuPc 3).

3-5. VOPc 4%} CuPc 4 &4

3-5-1. 3,4,5,6-tetrakis(phenylthio)phthalonitrile®] %4

100ml three neck flaskel] Tetrafluorophthalonitrile(2g, 0.01mol)}

Acetonitrile(30mD < ¥ i1, oA wHkgt}h Potassium  fluoride(2.4g,

0.041mol)E % 32, Thiophenol(4.5g, 0.04lmol)E W5 %7} 40CE 9@
A A HAHE] Ashsr) 243 Ao A wHl & TLCS o] &3fo] w®t
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wxkelt ZE & Methanol®

F Thiophenol ©\S
F CN Potassium fluoride ©/S CN
F CN Acetonitrile rt 24hrs S CN

Figure 23. Synthesis of 3,4,5,6-tetrakis(phenylthio)phthalonitrile.

3-5-2. 1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-hexadecakis
(phenylthio)vanadiumphthalocyanine(VOPc 4)¢] A

100ml three neck flaskell 3,4,5,6-tetrakis(phenylthio)phthalonitrile(2g,

0.0035mol)3} - 1-Pentanol(30ml)= 93  w¥ksitl - Vanadium(IID)

chloride(1.4g; 0.009mol)¥ i refluxA|zl ¥, DBU(0.43g, 0.0028mol)E %

=t 12A413E e WS AIZI T silicag AR&SEY] column § EFHAIZITH
o] F& HAE HE 7S Methanol® washing & 7 &A| 71t}

9l ©©©©

S
©/S:<>: Vanadium(lll)chloride DBU
1-Pentanol reflux 12hrs S ;
S : N
\ —
é} L%}

Figure 24. Synthesis of 1,2,3,4,8,9,10,11,15,16,17,18 22,23,24,25-hexadecakis
(phenylthio)vanadiumphthalocyanine(VOPc 4).
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3-5-3. 1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-hexadecakis
(phenylthio)copperphthalocyanine(CuPc 4)¢] $A4
100ml three neck flaskell 34,5,6-tetrakis(phenylthio)phthalonitrile(2g,
0.0035mol) ¥} 1-Pentanol(30ml)S ¥ i1 w¥k3lt} Copper(Il) chloride(1.2g,

0.009mol) & 3L refluxA|z1 ¥, DBU(0.43g, 0.0028mol)E ¥+t 12417t
a
¢}

oF Wk& A 71t} silicas AFE3}S] column & 53417t A4S 9= A

=
oA AAS Methanol® washing & A XA 71t}

S
s Copper(il)chloride DBU @ Sl s, 8
©/ ™ S N S
~ aN
1-Pentanol-reflux 12hrs \

S s N NS S

&

\© Ny e
S

Figure 25. Synthesis of 1,2,3,4,89,10,11,15,16,17,18,22,23,24,25-hexadecakis

(phenylthio)copperphthalocyanine(CuPc 4).
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Figure 26. Absortion-spectra of Vanadiumphthalocyanine.
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27. Transmittance spectra of Vanadiumphthalocyanine.

Table 4. Spectral characteristics of Vanadiumphthalocyanine

Sample Name VOPcl VOPc2 VOPc3 VOPc4
Amax 848nm 848nm 841nm 794nm
FWHM 38nm 48nm 34nm 42nm

e(L-em ™ mol ™) L07x10° | 1.08x10° | 1.1x10° 1.2x10°
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4-1-2. Copperphthalocyanine ¥%&4 %7}

{
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Figure 28. Absortion spectra of Copperphthalocyanine.
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Transmittance(%)

10 wm=CuPc1 ——CuPc2 ——CuPc3 ——CuPc4
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Wavelength{nm)

Figure 29. Transmittance spectra of-Copperphthalocyanine.

Table 5. Spectral characteristics ofrcopperphthalocyanine

Sample Name CuPcl CuPc2 CuPc3 CuPc4
Amax 796nm 795nm 791nm 758nm
FWHM 85nm 90nm 65nm 33nm
e(L-cm mol ) 0.95x10° | 097x10° | 099x10°| 1.08x10°

4-2. W77 47}
4-2-1. Vanadiumphthalocyanine @ &9 Y74 Ad A3
StA ¥ Vanadiumphthalocyanine dye”} 338 Z &R oko] A& 71534
ot 7] flaf W48 AFS A, Al A, 5o Fas WskA g
W& sk
Q_Iﬂ

AT F R

WA F3ge 7RA% 99 450nm, 550nm, 650nmI} LA LA oY
850nm I F9S FA, H7lsksoh
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Z=AA3, 7tAF 99 450nm, 550nm, 650nmol A FIE& W3
(AT%)7F 2% o2 Fadhe 23S Uetdlow, 44994 99

850nm A= F3E WEA(AT%)7 2% U2 Asale Aol U
5
tgos MEAE WMHAE x v #2 FHste] wasgon, 43

(AE)e] Aol uhg B7he Table 63 2th Awd o Joa 43

T o] R8s | ?__
£ Q3= A5, MAE 05082 Al gkgtt
Table 6. Color tolerance

243 9] 7}

0~ 05 NSl ] Sk

0.2~ =3 HL AAE =7

[.0% 15 e Al OS] © 2 T

1%=* /2.0 AEe MAE =100

2.0 ~ AZp7F 58] At

Vanadiumphthalocyanine dyeE ©|&3%F FsldEo] My W&

X, v 33 WA (AE) 0003 olgt2 Ao, o] e AMxE A
o] =71A Rah= WHelelrt
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Xy colorcoordinate

VOPcl WOPc2 WOPe3d VOPc4
Before s [ | *
After - [ | g

Before After AE

X 0.3317 0.3323 0.0006
VOPcl

v 0.3311 0.3316 0.0005

X 0.3669 0.3682 0.0013
VOPc2

y O-37%53 0.3778 0.0025

X 0.3413 0.3417 0.0004
VOPc3

y 0.3328 0.3335 0.0007

X 0.3417 0.3428 0.0011
VOPc4

y 0.3407 0.3429 0.0022

Figure 30. UVPC optional color analysis graph of

Vanadiumphthalocyanine films.
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4-2-1-1. 1,4,8,11,15,18,22,25-octakis(pentylthio)vanadium
phthalocyanine (VOPcl) 2§94 U+4 A 8Z23F

Transmittance(%)

1000

i | — Before — Atter
0300 350 400 450 500 550 600 650 T00 750 200 250 a00 a50
Wavelength(nm)

Wavelength Before test After test AT%
450nm 89:4 87.7 1.7
550nm 86:0 84.4 1.6
650nm 88.4 86.7 1.7
850nm 57.7 56.7 1

Figure 31. Transmittance spectrum of 1,4,8,11,15,18,22,25-octakis

(pentylthio)vanadiumphthalocyanine (VOPc1) film.
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Transmittance(%)

4-2-1-2. 1,4,8,11,15,18,22,25-octakis(hexylthio)vanadium
phthalocyanine (VOPc2) &9 W74 Alg4d %

100

90

80

0

60

50

— Before —— After

L L L L L L L L L . L L L
300 350 400 450 500 550 600 650 700 750 200 850 900 950

1000

Wavelength(nm)
Wavelength Before test After test AT%
450nm 48.7 477 1
550nm 694 68.0 1.4
650nm 76.8 75.3 1.5
850nm 44.2 45.7 1.5

Figure 32. Transmittance spectrum of 1,4,8,11,15,18,22,25-octakis
(hexylthio)vanadiumphthalocyanine (VOPc2) film.
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Transmittance(%)

4-2-1-3. 1,4,8,11,15,18,22,25-octakis(phenylthio) vanadium
phthalocyanine (VOPc3) &9 W74 Alg4d%

| =5 Before —— After .
R ¥ 0 OrF P DAL
Wavelength(nm)
Wavelength Before test After test AT%
450nm 76.8 75.3 1.5
550nm 75:5 74.0 1.5
650nm 86.2 85.3 0.9
850nm 21.2 23.1 1.9

Figure 33. Transmittance spectrum of 1,4,8,11,15,18,22 25—
octakis(phenylthio)vanadiumphthalocyanine (VOPc3) film.
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4-2-1-4. 1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-hexadecakis
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Figure 34. Transmittance spectrum of 1,2,3,4,89,10,11,15,16,17,18 22,23,24,25
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Xy colorcoordinate

CuPcd._ CuPec2 CuPed CuPc4
Before @ Fy | ] *
After ] A [l 3

Before After AE

X 0.3408 0.3424 0.0016
CuPcl1

Vi 0.3415 0.3428 0.0013

X 0.3383 0.3384 0.0001
CuPc?2

y 0.3355 0:3359 0.0004

X 0.3492 0.3509 0.0017
CuPc3

y 0.3438 0.3447 0.0009

X 0.3461 0.3475 0.0014
CuPc4

y 0.3467 0.3496 0.0029

Figure 35. UVPC optional color analysis graph of

Copperphthalocyanine films.
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Transmittance(%)

4-2-2-1. 1,4,8,11,15,18,22,25-octakis(pentylthio)copper
phthalocyanine (CuPcl) 2 &9 T4 AFZEAH
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Wavelength(nm})

Wavelength Before test After test ANT%
450nm 72.9 71.8 1.1
550nm 73.3 72.3 1
650nm 74.3 73.6 0.7
850nm 42.2 43.2 1

Figure 36. Transmittance spectrum of 1,4,8,11,15,18,22,25—octakis

(pentylthio)copperphthalocyanine (CuPcl) film.
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Transmittance(%)

4-2-2-2. 1,4,8,11,15,18,22,25-octakis (hexylthio)copper
phthalocyanine (CuPc2) 2 &9 W74 AFZEAH
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650nm 75.2 75.0 0.2
850nm 53.8 54.1 0.3

Figure 37. Transmittance spectrum of 1,4,8,11,15,18,22,25—octakis

(hexylthio)copperphthalocyanine (CuPc2) film.
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Transmittance(%)

4-2-2-3. 1,4,8,11,15,18,22,25-octakis(phenylthio)copper
phthalocyanine (CuPc3) 2 &9 W74 AIFZEAH

— BEfOre = After

300 350 400 450 500 550 600 650 700 750 800 850 800 950 1000

Wavelength(nm)

Wavelength Before test After test AT%
450nm g ViE. 7 1.5
550nm 79.3 77.7 1.6
650nm 83.1 81.8 1.3
850nm 63.0 65.1 2.1

Figure 38. Transmittance spectrum of 1,4,8,11,15,18,22,25

—octakis(phenylthio)copperphthalocyanine (CuPc3) film.
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4-2-2-4. 1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-hexadecakis
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450nm 65.0 66.2 1.2
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Figure 39. Transmittance spectrum of 1,2,3,4,89,10,11,15,16,17,18 22,23,24,25

~hexadecakis(phenylthio)copperphthalocyanine (CuPc4) film.
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Table 7. Solubility of substituted phthalocyanines (g)

Solvent

Acetone M.C. Toluene Hexane THF MEK
VOPcl| . 2.3(0) [29(@) 1.6  1.3(A) 3.0(0@) 2.2(0)
VOPc2| = 2.4(0) 78.0@) 1.6(A) 0.4(X) 3.1(0) [2.3(0)
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