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weight reductions measured by TGA analysis comparing to that of conventional C.I.
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Scheme 1. Synthetic routes of blue dyes 1-5.
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nol (99%), zinc (II) chloride, 1,8-diazabicyclo [5.4.0]-7-
undecene(DBU) (98%), 3'-aminoacetanilide (97%), copper
(I) cyanide (99%), 1,4-diamino-2,3-dicyano-9,10-anthraq
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Scheme 2. Synthetic scheme of intermediates 1-3.
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Scheme 3. Synthetic scheme of intermediates 4-5.

uinone, 4-bromobenzonitrile (99%) S5 Sigma-Aldrich
9] AJ9FS A}E-51900, m-cresol, thiophenol, ethyl 2-merc
aptoacetate, cobalt (II) chloride, copper (II) chloride,
3,4-dichloroaniline, sodium hydride (90%)= TCIQ] A]eFS
AHESH T DUKSANOA]  SLofst potassium carbonate,
hydrochloric acid (67%), sodium nitrite (82%), methanol,
N,N-dimethylformamide (DMF), methylene chloride, ethyl
acetate, magnesium sulfate (MgS0O,)?}t chloroforma AR
shict.

'H NMR spectra= 500 MHzolA] dimethyl sulfoxide-de®}
chloroform-d& 8Uj& ARE5tY Bruker Avance 500 spec
trometer2 ZA5t¥=H] o]tf tetramethylsilane (TMS)&
Yrass4d2 AR5 ct Elemental analysists Thermo
Fisher Flash 2000(USA)S ¥4 EA47|2 AR5t

22 9= ¥ o FEEY

2.2.1 PhthalocyanineZ| blue €& &4 scheme %
BhA] B
HO oHd

(1) S2H4| 1~3 &g ukd

4-Nitrophthalonitrile (10 mmol, 1.73 g)1} 4-propylphen
ol (10 mmol, 1.36 g)= DMF 20 mlo] & & ARoA 30
2 ZoF wultstt}h wyto] kf &M potassium carbonate (1
5 mmol, 2.74 g)E 2AIKtol A& £ § 80 ‘CE 3235}
12A17F =9t wylkstt}, vhgo] 22 E|H ice watero] quenchi
ngalol 28g $5UC 258 2L Y ol 51of meth
ylene chlorideo] RjZ2AsI H7HA] 18 535} Yield: 8
3.5%, 'H NMR (400 MHz, DMSO-de), 6: 0.87 (t, / = 6.5 H
z, 3H, CHs), 1.30 (m, /= 6.6 Hz, 2H, CH,), 1.51 (m, / =
7.6 Hz, 2H, CHy), 2.51 (t, /= 7.6 Hz, 2H, CH,), 6.91 (m

0, e S <>i ¢© jo)

Intermediate 1 : R = CO,BU"
Intermediate 2 : R = CO,Bu"
Intermediate 3 : R = CHj3

Dye 1: M= Cu, R=CO,Bu"
Dye 2 : M = Co, R=CO,BU"
Dye 3:M=2Zn, R=CH;

Q

Scheme 4. Synthetic scheme of blue dyes 1-3.
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Dye4:M=2Zn,R=Ph
Dye 5 : M = Cu, R = CH,CO,Et

Scheme 5. Synthetic scheme of blue dyes 4-5.

J=8.3 Hz, 2AH, ArH), 7.05 (m, /= 1.0 Hz, 2/, ArH), 7.35
(m, /= 7.9 Hz, 1H, ArH), 7.90 (m, / = 1.4 Hz, 2H, ArH)
GC-MS 277(M+); Elemental Analysis: C, 78.24: H, 5.84;
N, 10.14; O, 5.79; calculated for: C, 77.35; H, 6.30; N,
9.08: O, 6.56.

2] "o w2} butyl 4-hydroxybenzoate (10 mmol, 1.94
g/ olgsto] A 25 it Yield: 82.0%, 'H NMR
(400 MHz, DMSO-dg), &: 0.88 (t, / = 7.1 Hz, 3H. CHa),
1.39 (m, /= 7.1 Hz, 2H, CHy), 1.70 (m, / = 7.1 Hz, 2H.
CHp), 4.31 (m, /= 7.1 Hz, 2H, CHy), 7.13 (m, / = 8.5 Hz,
2H, ArH), 7.37 (m, /= 7.9 Hz, 14, ArH), 7.75 (m, /= 0.5
Hz, 1H ArH), 792 (m, / = 1.7 Hz, 3H ArH). GC-MS
321(M+); Elemental Analysis: C, 71.24: H, 5.03; N, 8.74;
0O, 14.981; calculated for: C, 70.02; H, 6.32; N, 7.84; O,
16.20.

Q] 9o @2t m-cresol (10 mmol, 1.08 g)S ©]&3}
7] 3 AR Yield: 80.5%, 'H NMR (400 MHz,
DMSO-dg), &: 2.23 (s, 3H, CHs), 6.92 (m, / = 8.2 Hz, 2H,
ArH), 7.03 (m, /= 1.0 Hz, 24, ArH), 7.35 (m, /= 7.9 Hz,
1H, ArH), 791 (m, / = 1.4 Hz, 2H ArH): GC-MS
235(M+); Elemental Analysis: C, 76.91; H, 4.30: N, 11.96;
O, 6.83; calculated for: C, 75.91; H, 5.50; N, 10.28; O,
8.72.

(2 SUH| 4~5 T By

2] HhHof w2t thiophenol (10 mmol, 1.10 g)& ©]-85}9]
=71A] 42 EAsth Yield: 80.7%, 'H NMR (400 MHz,
DMSO-dg), &: 7.05 (m, /= 1.0 Hz, 24, ArH), 7.18 (m, / =
1.6 Hz, 34 ArH), 7.51 (m, / = 8.5 Hz, 14 ArH), 7.73
(m, /= 0.5 Hz, 1H, ArH), 7.82 (m, /= 0.5 Hz, 1H, ArH)
GC-MS 237(M+); Elemental Analysis: C, 71.16: H, 3.41;
N, 11.86; S, 13.57; calculated for: C, 70.52: H, 3.04: N,

SHAGIMIIBSIEA] A 33H A 48

10.89; S, 11.56.

o] "diHol| w2t ethyl 2-mercaptoacetate (10 mmol, 1.2
g)2 o]&slo] 7MY 52 A3t} Yield: 79.5%, 'H NMR
(400 MHz, DMSO-dg), &: 1.17 (t, / = 7.1 Hz, 3H CHa),
3.92 (s, 2H, CHp), 4.13 (m, /= 7.1 Hz, 2H, CHy), 7.48 (m,
J =85 Hz, 1H, ArH), 7.62 (m, /= 8.5 Hz, 14, ArH), 7.72
(m, / = 0.5 Hz, 1H ArH): GC-MS 247(M+): Elemental
Analysis: C, 58.52; H, 4.09; N, 11.37; O, 12.99; S, 13.02;
calculated for: C, 57.62; H, 5.01; N, 12.73; O, 10.23; S,
11.76.

(3) Dye 1~3 &g wiH

24 1 (10 mmol, 2.62 g)S 1-pentanol 20 mloj] £
S cobalt (II) chloride (3.3 mmol, 0.42 g)1} 1,8-diazabicy
clo[5.4.0]-7-undecene(DBU) (6.6 mmol, 1.0 g} A4 £
st Ads] Egict £9do] ¢r o ¥ 150 C2 5 2
12412 &9t wWHisit}. ghgo] HuEH Res JRoz W
% methanol 100 mLo| FUst] SAgTE 4] & BHEE
24 st dye 12 4531t Yield: 95.2%, 'H NMR (40
0 MHz, DMSO-dg), &: 0.90 (m, 204, CHs), 2.62 (m, 84, C
Hy), 7.45 (m, 284, ArH); GC-MS 1139(M+); Elemental An
alysis: C, 73.86; H, 5.49: Co, 5.18: N, 9.84; O, 5.62; calc
ulated for: C, 73.86; H, 5.49; Co, 5.18; N, 9.84; O, 5.62.

o] whHo| =t £7HF] 2 (10 mmol, 3.2 g)et cobalt(l)
chloride (3.3 mmol, 0.42 g)2 0|85t dye 2= 3Hdsict
Yield: 94.7%, 'H NMR (400 MHz, DMSO-dg), & 0.9 (s,
28H, CHs), 4.30 (m, 8H, CHy), 7.25 (m, 28H, ArH)
GC-MS 1371(M+): Elemental Analysis: C, 68.36: H, 5.15;
Co, 4.30; N, 8.18; O, 14.01; calculated for: C, 70.85; H,
5.56; Co, 4.12; N, 8.95; O, 17.04.

Q] "o o2t 7] 3 (10 mmol, 2.34 g)9} zinc (I)
chloride (3.3 mmol, 0.44 g)& o0]8&35to dye 3 $Hdsich

wo My ol
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3,4-Dichloroaniline

Intermediate 6 Dye 6

Scheme 6. Synthetic route of orange dye 6.

Yield: 96.5%, 'H NMR (400 MHz, DMSO-dg). & 2.4 (s, 222 Azo#| orange HE &9 scheme U T HitH
12H, CHs), 6.86 (m, 84, ArH), 7.19 (m, 84, ArH), 8.0 (m, = -

1) =7H4| 6 A1 HhH
12H ArH); GC-MS 1033(M+); Elemental Analysis: C, (1) SZH 6 =4 ¥4

72.12: H, 4.49; N, 10.85; O, 6.20: Zn, 6.34: calculated = 100 mLoj hydrochloric acid 10 mL& A5 £Ugh
for: C, 71.82: H, 5.02; N, 10.20: O, 5.10; Zn, 6.72. 3 3,4-dichloroaniline (10 mmol, 1.62 g)¥} sodium nitrite
(10 mmol, 0.7 g)}& FYstL wykstt}. Ice baths |5t
(4) Dye 4~5 Shd dbed 5~10 CE SX|5tHA] 4A]7F wEksttt Methanol 10 mLoj|
3-aminoacetanilide (10 mmol, 1.5 g)& £Ust & ¥L220f

2] wido] wet S7HA] 4 (10 mmol, 2.36 g)2t zinc (II) ch
loride (3.3 mmol, 0.44 g)S o|8&35}to] dye 45 sttt Yi
eld: 92.4%, 'H NMR (400 MHz, DMSO-de), 6: 7.25 (m, 8
H, ArH), 7.41 (m, 8H, ArH), 7.90 (m, 124, ArH): GC-MS
1041(M+); Elemental Analysis: C, 66.94; H, 3.68; N, 10.7
7. S, 12.33; Zn, 6.29; calculated for: C, 67.12; H, 3.18;
N, 11.56; S, 13.34; Zn, 6.88.

¢ weo met ZHA 5 (10 mmol, 2.4 g)?F copper(l)
chloride (3.3 mmol, 0.54 g)& 0|85} dye 55 3Hgsith
Yield: 93.5%, 'H NMR (400 MHz, DMSO-dg), &: 1.29 (s,
12H, CH3), 4.13 (m, 164 CHy), 7.90 (m, 12H, ArH);
GC-MS 1075(M+); Elemental Analysis: C, 60.34; H, 4.69; -
Cu, 591 N, 5.21: O, 11.91: S, 11.93; calculated for: C, (2) Dye 6 &g ¥d
61.54; H, 4.39: Cu, 6.26; N, 5.75; O, 13.14; S, 10.98. DMF 30 mLo]l &3t 6 (10

cyanide (20 mmol, 1.8 g)S £Usty A

5

AMs] BUstal 4ARt wytketct whgo] ¢aHw YREES
=0 £dst H AEd Ade 4Y oustod S 62 25
stct. Yield: 82.5%, 'H NMR (400 MHz, DMSO-dg), 6: 2.12
(s, 3H, CHa), 6.55 (m, /= 8.3 Hz, 14, ArH), 6.88 (m, / =
2.6 Hz, 1H ArH), 7.24 (m, / = 5.6 Hz, 14 ArH), 7.29
(m, /= 8.3 Hz, 1H, ArH), 7.47 (m, /= 1.4 Hz, 1H ArH),
757 (m, / = 5.6 Hz, 1H ArH): GC-MS 324(M+);
Elemental Analysis: C, 52.03; H, 3.74; Cl, 21.94. N,
17.34; O, 4.95; calculated for: C, 51.23; H, 2.95; (I,
20.75; N, 18.43; O, 6.21.

)a} copper( 1)
7 shoflA 1A

mmol, 3

DS
b

Cl
Cl Cl

- . N=N o
NH,  Azo coupling D\
HoN J\

N
H

Cl

3,4-Dichloroaniline Intermediate 6

Scheme 7. Synthetic scheme of intermediate 6.
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Scheme 8. Synthetic scheme of orange dye 6.

174 dEf, o|Fg, 427, A
Cl
Cl
CuCN
N=N o
: DMF
HoN N)J\
H
Intermediate 6
b SQF wakstt} 130 C2 52 & 6A17F 59t wykstct. gt
So] &E&H =23 chloroformo]] £UsH SASHE 44
S 9SS Y ofste dye 65 $£5SHt Yield: 70.6%,
'H NMR: & 2.12 (s, 34, CH3), 6.87 (m, / = 2.3 Hz, 14,

ArH), 6.95 (m, /= 5.6 Hz, 14, ArH), 7.34 (m, / = 8.5 Hz,
1H, ArH), 7.65 (m, /= 5.6 Hz, 1A, ArH), 7.91 (m, /= 85
Hz, 14, ArH), 8.14 (m, / = 1.8 Hz, 14 ArH); GC-MS
305(M+):; Elemental Analy31s C, 78.36: H, 5.86: Co, 5.20;
N, 4.94; O, 5.64; calculated for: C, 77.42; H, 6.03; Co,
5.55; N, 3.98; O, 7.01.

223 Anthraquinone| blue && Bd scheme %
SHA] HbEH
HO oHd

(1) Dye 7 &’ 2t

1,4-Diamino-2,3-dicyano-9,10-anthraquinone (10 mmol,
2.9 g)1} 4-bromobenzonitrile (20.2 mmol, 3.7 g)S DMF
30 mLof] £ & ISttt Sodium hydride (20.4 mmol,
0.5 g)2 FUsHL 140 C= 52510 4AIZF BEggit). ¥h-30]
AEE|H e & Aoz UX S jce watero]| quenchingd}
of AYZ SIS 282 4 ojustal ethyl
acetateg ©0]8sto] & St H 22 AR

ML A
r

i) _||n

ol 1‘9,'1

n

1,4-Diamino-2,3-dicyano-
9,10-anthraquinone

dojdl {7152 MgSOEs olg&st 22 At 2
evaporationdto] dye 72 53t HojXl RSS2 column
chromatography(absorbent: silica gel, eluent: ethyl
acetate/n-hexane)e Esf AA|3Hch  Yield: 72.5%, 'H
NMR: & 7.29 (m, / = 8.5 Hz, 44 ArH), 7.62 (m, /= 7.8
Hz, 4H ArH), 7.83 (m, / = 8.5 Hz, 4H, ArH). GC-MS
491(M+); Elemental Analysis: C, 73.46; H, 2.88; N, 17.13;
O, 6.52; calculated for: C, 72.48; H, 3.15. N, 16.52: O,
4.26.

23 A|S40HE 54

HEL0ES 27517 99l 9D dye 752 N.N-dime
thylformamideo] 8315t$11l, UV-Visible spectrophotomet
er (Evolvution 300, Thermo, USA)S A}83to] &£45H3ct.

N
N
1o
m:lo

HALLETGA) 53

= dye 7£59] GAFAdE A B 7] 98] AUTO-Therm
ogravimetric Analyzer (Q500, TA Instruments, USA)E At
g35to] A4 x=71014 50 ‘CollA 500 “C7HA] 10 °C/min &7
ow 2xatort

n:°\'

QCN
O HN

O HN

Dye 7 CN

Scheme 9. Synthetic route of blue dye 7.
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CN
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CN NaH CN
L o )on —e— [T T
CN DMF CN
H, O HN
Dye 7 CN

1,4-Diamino-2,3-dicyano-
9,10-anthraquinone

Scheme 10. Synthetic scheme of blue dye 7.
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Intermediate 2 : R = CO,Bu"

Dye 1:M=Cu, R=CO,Bu"
Dye 2: M= Co, R = COBu"
Dye 3:M=2Zn, R=CHjs

——> HSR
DMF NC Cyclization
N= N N
Intermediate 4 : R = Ph
Intermediate 5 : R = CH,CO,Et Dye4:M=2Zn R=Ph
Dye §: M = Cu, R = CH,CO,Et
R-S Y s
CN
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1 0 “0
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\@\ N=N CuCN N=N
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3,4-Dichloroaniline
Intermediate 6 Dye 6
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O HN
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1,4-Diamino-2,3-dicyano- Dye 7
9,10-anthraquinone

Scheme 11. Synthetic routes of blue dyes 1-5 & 7 and orange dye 6

Textile Coloration and Finishing, Vol. 33, No.
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7P 42 Ul Batste] sie) AT 2ol LA
o2 TGA BALAE 5 % =2 10 %7 U= 252 7|
Fo2 duwpl LmET 9lon, E3t A LwoN £
ARaES Y A9 PR AFERL 250~300 °C Afo]
AN PAZAES S5 Aol Lubsolck> .
Phthalocyanine?]] blue ¥&9l 732 phthalocyanine moi
ety?} R|&717F A4Z29 IF (linkage group)9= oxygen %
+ sulfur?lX]o] wetA Foigaobgo]l depAag, 2 A
A= dye 1-3 oxygene T=Ust1l dye 4, 5= sulfurs
=Qstel AthEubgTt Aol et Jarde waskua
stoity. w3t @a 150 A4 240 web o obga, A
=, A, FdEeabg 5o E4o] Zakxlazl, dye 1, b
AZ4S Cu, dye 2= Co, dye 3, 4= ZnS T Ql5to] ztzt
£ H|WstIA d8 RS AAI5HY ) Chromophore
of X]&H= functional group® aromatic ring %= YIA
o ¥g= & ﬂ dye 1-4= phenyl ringS 7HA]= Rxo|1
v TERA dUAQ HEds

8 N
Sene=2tesl

\_

Dye 4 Dye 5

Y(j @Q o
}

2 f—i
@N Wm
25

At oz NIREHY z|dg4mds U= phthalocya
nine] Fzo| tfgh At F2 FPE =g, o2 S0 p
hthalocyanine®] benzene ringo]] electron-donating group
S TQA5IH Q band®] bathochromic shift7} 245t 660
nm °4 ~NIR Fo7x] FchE4upde wadshed™, 2 o
TolA= 660 nm Yo} Hupo] At Z2fgEfg blue A
A& JH3slof sto& electron-withdrawing groupg& 540
2 A3]2 gAstort wot Zejmels dae Hga) 9
skl [718A0l tigh Adst &slleE 7HK= 2ol e,
2 AoMe fAIRle R J7l18AIREY A1eHY (affinity)o] =
T & ester group2 phthalocyanine®] phenyl ringo] =<
st= @& 3% (dye 1, dye 2, dye 4)2 BAISIAAL, 716 25
F& (dye 3, dye 4)= methyl groupg =UstHY =22 &
= Xt Sl AR E AAsY ddiAe e 9 &l
2 wlastaxt sigich

AzoA] E89l dye 69] 732, 3,4-dichloroaniline¥} 3-ami
noacetanilideS azo coupling reactiona =3 g9 &7t
Rastg=r], YEA dln Al blue

28 2 39 QJX]|9] 27l nitrile?]7} &
Mol DRl 98 vlwstr] $1sto] acceptor ringof]
2719] nitrile?]& =UstYC}H L¥PR o2 azo group? ortho
IR0 =U= nitrile?]= rod-like shapeg 7HR|2& AxAt

A 69 cyanationg
dye 70] Z3rsln Q=

8
qf

Dye 2 Dye 3

o
O HN
g O .
CN

O HN
07 \©\CN

IZ

Dye 6 Dye 7

Figure 1. Chemical structure of blue dyes 1-5 & dye 7 and orange dye 6.
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of (steric hindrance)?} 719 WAYSIA] koA ﬂtﬂé—"\—ﬁ-}’%}
o] Atk Ao] (bathochromic shift)o] 34| 7]0jsht, &

TollAt = 1410:‘”01] A= dd2 Fsh] lste] azo gro
up®] meta Y para X0 nitrile?7]2 =U3}C}.
Anthraquinone?]] blue E&°9l dye 79 742, an-

thraquinone ring® 1,4-2JX]9] amino”], amino-alkyl”’] =
I 72 electron-donating groupg =UsHA blue FHO
IS UGS e IR T 4 n gl
Ao} e o:lo]»o}g 2 3 147(]
of -CN groupat Z=2
ap7} giep”.

2 AoAs BxI37)7F AL anthraquinone ring?] &
oz Qlste] d¥bdoz Ydido] Foksto g, anthraquinone
ring®] 2% ¥ 39 ¢Jx]of] -CN group< 7]—K]U‘-U\ﬁ BRlEF =
712} ©E0] m-orbital®] conjugation &i+E st7] 9Jsh
aromatic ring®l 279] phenyl ring2 Eo‘o}ﬂ -r]o}oﬂ] 1,4

H2]x]of 4 cyanophenylammoﬂ T A5t] YEAdof tjst

32 = &

Scheme 110f] Z|Ajsti2 5% E& dye 1-5= benzene
ring®l| 27119] nitrileZ|2} 17§9] nitro7]|7} X|gHEl SR 2 EE]
grdo] = phthalocyanine”] |&o0]ct.

Dye 62 tjotx dEOo =2 3 4-dichloroanilineyt A= AJ
B0 2 3-amino-acetanilideS azo coupling reactiona £3j
sH9st azoA] E=o|tt Dye 72 anthraquinone 1+%9] 1,4-
Rloll amino” |7t Rl 2,3-9fA]0] nitrileZ|7} X &
9 =4 1,4-diamino-2,3-dicyano-9,10-anthraquinone . &
BE % =] anthraqulnoneﬂ] OﬂE.O]EJr PhthalocyanineZ|
Z71A) 1-59] B2 482 795~835 %S H
Edye 1-5= 92.4~96. 5%;1\1 =0 Hkg &
&= EO]Ur Azo7| Br T/d= At A 69 ¥IE e
82.5 %0]11, dye 69] ¥F24282 70.6 %o]H, dye 79 8=
72.5 %°] £88 UERAYCE 6% blue dyeQt £7HA] T2]1 1
Z orange dye?] 3stHLAx S Figure 10 UYER{S 11 ESF v
THAQ1 C.I. Pigment Blue 15:69] 3t&1AE Figure 20f 7]xf
shgirt.

O

33 Z[tig+

PhthalocyanineZ]] €&°] 739, phthalocyanine moiety@}
X277 d2A% linkage atomC 2A] sulfurs 7Hx1 dye 4
dye 59] z|j&4ubto]l ZFzE 655 nm 2 650 nm=zA]
oxygen linkage atomS H-83F dye 1~dye 3 tfH] 5~20
nm2| hypsochromic shift2 H3c}t £3] ZUsH ZAIZ4901
Zns 835t 9Jon phthalocyanine ring X|g7| &7}
7 SARSE dye 33 dye 42 v]udlH oxygen linkage
atomS HE3F dye 39 Ftj&4odo] 670 nmEA] sulfur
linkage atomg& H-83t dye 4 thH] 15 nme] bathochromic
shiftg Y=t ol=

o

electronegativity?t 733t oxygen

Figure 2. Chemical structure of C.. Pigment Blue 15:6.

atom9] electron withdrawing effect’} 73517 AHst1l E5tH
Molecular Orbital Theory &o|Al X]ZF XA} 2p
orbitalof] 3igsh= oxygeno| 3p orbital?] F|QIZHALE 71
sulfur 2tt HOMO-LUMOZF energy gap2 A7 oz A
dye 1~dye 37} bathochromic shiftst Zlo =z mHtE]=g)
sulfur®] F|QIZRA} oxygen tfd] dxelozRE He] 9
Aatol we} Adisom FAl oy 2 o] & energy
gap2 Zst= Zlor Atg®ch E3SF =Ygk sulfur linkage
atom2 H. 835t dye 49} dye 55 H|ustH, dye 49A] sulfur
atomof] Zgrst phenyl group©] m-orbital conjugationo] ¢!
L dye 59] ethyl ester group TfH| m-orbital conjugation
=] 7]ojge2x4 5 nme| bathochromic shift7} ZHA3st
Aoz Zw,

502 FYSH copperg FAIECE E{[SH dye 13}
dye 59] z|tjS4ubdE vlwslH, 4-n-butylestero] R|gHd
phenoxy group< 7 dye 13t =Y 2JX|of 4-n-ethylester
o] X|&= methylsulfur groupg 7t dye 57} ZtZ+ 670
nm, 650 nm=Z dye 10| 20 nm2] bathochromic shift 5%
=4, ol dye 19] xgH7]Ql
pair electronsi} phenyl ring

phenoxy group oxygen® lone
J2]3  n-butylester?]
carbonyl group”tX| m-orbital conjugation©] dye 59] T
-orbital conjugation Tjd] 37| Zt}igto]] T2} bathochromic
shifts H3sk= 7Zlog mohech

t}eog phthalocyanine”] dat FA340] &

Table 1. Absorption maxima of dye 1-7 in DMF solution

Dye number Amax (NM)
Dye 1 670
Dye 2 660
Dye 3 670
Dye 4 655
Dye 5 650
Dye 6 470
Dye 7 590
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SIEEH dye 12 670 nm, dye 2= 660 nmo| Z|jSL,uHAS
UEflojA 2f7t x|ghe dye 17} IYET} R|ghe dye 28
t} 10 nmQ] bathochromic shiftS HQIt}.

7P ZFAsE aromatic azoZ|Ql azobenzene®] Z|CfS-4~uf
Ao 320 nmz YA Yok Azo moietyo]] electron
donating group?! -NHCOCHj3 group©] X|2t&]1l trans &
2 Yl® azo moietyo] electron withdrawing group?!
cyano groupe TU5HH bathochromic shift7} ¥Hystct
X717} Q= azobenzenedt H|wsSIR-E W, azoA F=EQI
dye 62 A|gjs4oge 150 nmo] xo]E wWQIth o=
electron acceptor ringof] =4E 2719] electron withdrawi
ng group (-CN)o] HOMO-LUMOZ} energy gap2 3A| ZA
A71 Zo] 714} 2 @eloe mhEr)

Anthraquinone 24| 2S4S 405 nm=zZ LA
=g 1,4-9J%]o]l 733t electron donating group?l -NHR
=2 -NHAr group?] =U&H blue o] sidst= zos
Supgo] HHE|og, dye 79] 32 590 nmo]| E|tjELuby
= 7Kt &8 ¥8 759 AU&4md2 Table 10 7g2|st
qirt.

ol g2 Rl 5L AVE M 2% BEE vl
o

34 RAHHAETGA

/43t dye 782 72 230 “Cet 300 “CollA TGA A1
& ZAE Table 20] 2|5t E3F 500 ‘C7HA] =9
dag curveE Figure 30 7IAisiR+=H o= Z=2{EH
x5 2271 220~ 230 "ColoA Ax37d A& Al UE
517] 93t EAolal Eet Wof ZREgh =279 300
SAGAEE F7IRoRA dagt YFd HEE

°o]7] Y3t 2= d7o|}.
Table 20f A|A|E]o] Q)%o0], phthalocyanine”]] dye 1-5=

-

filo
it

Table 2. The weight loss (%) of Dye 1-7 by TGA analysis
measured at 230 °C and 300 °C

Weight loss (%)

Dye number
230 °C 300 °C
C.l. Pigment Blue 15:6 040 0.82
Dye 1 0.85 2.10
Dye 2 290 2.95
Dye 3 1.85 2.81
Dye 4 0.00 0.33
Dye 5 3.90 5.90
Dye 6 3.74 11.73
Dye 7 6.59 9.40

SHAGIMIIBSIEA] A 33H A 48

230 “Co]A] 0.0~3.90 %, 300 °Cof]A] 0.33~5.90 % 9]
EATAES Holil azoA] E&Q dye 62 230 °CojA] 3.74
%, 300 °Co|lA 11.73 %2] 2AIZtA-8, J2]1 anthraquinone
Al &l dye 72 230 ‘CollA 6.59 %, 300 °ColA] 9.40 %
o] A AES LB

T}2}A] chromophoreo] T2 oMY A-L phthalocyanine
7 €89l dye 1-57} azo7| dye 61} anthraquinoneZ] dye
7 O8] ZA] @451 o]= U¥FARQl phthalocyanine] €&
71 98B AT A% (interaction)o] =otA] Th2 chromoph
ore tiv] Joides =2 WY (HEE, UEd el 71
gk Zlos wHEch

2oz 34 34 24 (Zn)S 7L £ X|2|9]
7% U SAlstH ©A] sulfur linkage groupit oxygen
linkage group Ato]gt EX|SH= dye 429} dye 39| AT AE
S ulwsty, dye 49 YFAo] 230 °C U 300 C 25 =&
Z1og2 ZEAL9=r, phthalocyanine ringdt sulfur?lt 5-&
Ago] oxygen tjy] HUM R =2 73 AJARRIT

Tebs] 7] Aaest fAIAE0A dye 49 HRHol 7MY
L 45k (230 °C 0.0 %, 300 °C 0.33 %) o]= H|HUHE
blue ¢tg 2 ALL]1 Q= C.I. Pigment Blue 15:69] A7+
A8 (230 °C 0.4 %, 300 °C 0.82 %)t vB]wd of ThA Q4
g Ofe =2 FMEAEE UEUl: ACeRA 7|E teg biA|
& v 245t 31 YE blue FaaA HriEch E3t
dye 49] z|tj&4ntito] 655 nm=ZA|(Table 1) neutral blue
AAFS 7FAl C1. Pigment Blue 15:69] AlAk} 27sH Ziog
Fote]o] MAEHME otr OiA] 7hsAdol Qe Hlew o
T

A8y ARA2 A0 oA 1,8-naphthalimide”] 7% &
TAZO TGA FAUAEL 5 % kA8 7]120= 345 °C~
368 °C2 HUET, thgoz 2 1,3-benzothiadiazoleZ] 3
% PEFaY 4% 340 CoM BARGAE 55 %A, & <
o gael waHol Holstol ARl Wy wlwt of
APt Aerdoz 2 A9] blue E&Q] WE/Jo] Aid+ 2
I Oy 435 Zlo s woEn)

PhthalocyanineZ]] @8+ F& 129 FAlo Ae =5°]
A oPg/do JFFS pjASL Ql=dl FUSH functional group
o] RXgtd dye 13} dye 25 BlwslH, CuZl X[ dye 12
230 ‘CoAQe] EA%AE 0.85 %, 300 “CoAe] EAdAE
2.10 %olt} CoZt R dye 2+ 230 “CoflAo] fARTAE
2.90 %, 300 “CojlAe] A AE 2.95 %EA] Cult SAZ4
Sz FEAfste dro UE/dol Co Frlas FrEH Ua
L 45ttt £ X|ghe functional grouplZ ring %= U
ol IF= &= 2oz WUEEU, phenyl ringo] gl
R&717 =YH dye 5= 230 °C, 300 “CoflA] ZFzF 3.90 %,
5.90 %9] BAId A& ¥Ql ¥ phenyl ringo] U+ R|gH7]
7} =!=l phthalocyanine”]| dye 1~3 % 4= 230 °C, 300
‘CollA 22t 0.0~2.90 %2 ®H2lQ} 0.33~2.95 %2] Q]9
AN AES Ho|H o]= phenyl ring®] m-orbital conjugat
iono] ZojX|HA AaiAt It A= Z0et HEo] d= +
At AAQ] m-orbital delocalization Ztjjof] 7]o{gtoz2 A 2
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Figure 3. The weight reduction curves of dyes 1-7 determined
by TGA analysis.
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FAPE ARl A2 olal E5F 1,4-9X0f X|ghe 4-cya
nophenylamino group®] A¢Mg/dol tigh 7o =rt @2 A
o2 Mt

Figure 30 71&j=l 500 ‘C7HA]9] EAIGAE Asolxe W
@7dol 7P §48 dye 4= 370 “C/HRl= BARTAE oi¢ A
Al EAgsks WHol] phthalocyanine”]l @04 UE/dol
AR o2 o dye 5= 150 ‘CHE| LA AL @A¥sH] A
KellA] 500 “C7HR] Al&E 02 Do} Zhasks ATk walr

ﬂ

5 92 Yy

o

F7MIE HoR

P
e
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to 4o ox of

3.5 7IA & E1FE(Transmittance)

&/d blue dye 6% FollA HA/do] doxies 23 2%
(blue dye 1 & dye 4)& A=sto] Z2TE A& A] 7HAF
Eutg-2 Hrtsto] 1 AaE Figure 40] AAI5TGIH.

71Z0] blue 9ta= AFRZEQl C.I. Pigment Blue 15:6& H|
o ooz &g blue dyeg 77t A2HHE ARGt 400
~700 nm| 7 Fate2 F7IIAAL, 450 nm 7R &
& 7]1&02 CI. Pigment Blue 15:6& 80 %oJut 3 dye
12 87 %, J22]1 dye 4+ 90 %9 =2 Fil&2 UERHCh
Ol ¢teQl 4% =8/dolunz Aoy Az A P = ¢
EURT 2719] EHLGHCR QIsto] 7YY HERAPT WAdst
of AipRlor Eyuhgo] 2 vrdo] ARg &ujjo] &slisto] A
2 HEE AASE blue dye 232 FHY FEUAL 2717t +

===C.. Pigment Blue 15:6
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-------
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Figure 4. The transmittance of blue dyes 1 & 4 comparing to
that of Cl. Pigment Blue 15:6.

Ushll GHEORA L Yrhsios A waske 2ol

3t dye 552 717t KS M ISO 75799 Z3to] Alg2
gololl LSAZ] F ofusto] ke HEgle g, Hug 7
St gujE =% gd Jole Alsel RAE F75
83z AntZS Table 30 A2j5tgict

E oA=& phthalocyanine®] aromatic ringof sulfonyl

Lo
Sl

P
or

or

ester group =2 ester groupg TUsH QEEART A=
% (stacking)ol] o3t 28442 TAarZlon &slle £ Zut
dye 1, dye 29] &3ljc= 10 g/L ojatoz2 EAE|9IOon, dye
3-59] 25fE= 9.44~9.95 g/Lo2 EAXLE|QITt
Phthalocyanined]| 4-n-butylester?t X|gHel phenoxy grou
P2 74 dye 1, dye 2 12]il aromatic ringo] v F£x91
dye 59] 857l HOiRlo® tfa zou 55 dr 2% &
ARE £39] Soll=g 7M1 o= HuEHn: Uttt XIS

M 2F @RS uasud, 34 F402 Pt A

Table 3. Solubility of blue dyes 1-5 in DCM solution

Dye number Solubility (g/L)
Dye 1 over 10
Dye 2 over 10
Dye 3 9.72
Dye 4 9.44
Dye 5 9.95
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sulfur’t &Y%l d8% oxygen TH] 5~20 nm9]
hypsochromic shiftg WER® o]= |zt XAPF 3p
orbitald]] sii@sh= sulfur?t 2p orbital?] Z|QJZYAX}ES 7}
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group®| Tm-orbital
conjugation®] ¢l ethyl ester group THH]| m-orbital
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shift7} LAYsHQIct.

3. Anthraquinone®] 1,4-¢]X]o]] 7}sF electron donating
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azoAl ¥ anthraquinoner] &= thyd] OjQ Q43+ Foby
AL UeYE, £3| sulfur linkage groupe 7HA|al Zns
Faa40® ARt dye 49 YE/do] 230 'C & 300 °C
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2 w2 JS HuEI
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Cde deet vind of X2 =" phenyl ringd
m-orbital conjugationo] ZoJX|HA] g EA} 7+ ZAgH
=rjjet 2ol dg BA} AAQ] m-orbital delocalization
2ol ZlojsterA da FMIEE F7HMI7IE Aoz
g 2 Aok

6. Wg’dol 45t blue dye 1 & 4= Z2{LE| AAF S 7HA]
I E3hg (450 nm)o] ZHzF 87 % & 90 %=A 9t=m (C.I.
Pigment Blue 15:6)2] 80 % thy] 256110 o)== 8sl=r}
Ae FrE AHTHEZE AA Al F4E DA 2717+

5to] 7HAIES] URIAPE At ] miwolot.

7. &/J3t phthalocyanine] dye 5%9] &df=+= 9.44~ 10
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