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The Study for the Synthesis of Functional Dyes

Using Microwave Energy

Jun-Sik Shin

Department of Polymer Engineering, Graduate School

Pukyong National University

Abstract

In this century the functional dves have been widely studied by many
researchers for the synthesis and application of the advanced dyes having
more improved characters. Functional dves strongly absorb light and
therefore they are applied to photoreceptor in the many fields such as optical
recording media, thermal writing display, laser printing system, etc.
Polyvmethine and squavlium dyes posses extended conjugation structure,
therefore obtains extinction coefficients in solution at the red and near IR
region (600~750m). On the other hand, dithiolene metal complexes absorb
strongly light at the region of more long wavelength and they are usually
applied to color filter. The microwave energy has been investigated as new
heating resource in the many kinds of chemical reaction. In this study, we
synthesized to the functional dyes, which are polymethine, squarylium,
phthalocyanine and dithiolene metal complex, under the conventional and
microwave synthetic processing. The dyes synthesized at various conditions
are analvzed and compared by the means of UV-Vis-IR spectroscopy, XRD

analysis, etc.
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The Synthesis of Functional Dyes Using Microwave Energy

Chapter 1. Introduction
: The Object and the Scope of the Work
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Chapter II. Theoretical Background

2-1. Functional Dyes
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2-1-1. Polymethine Dyes
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2-1-2. Squarylium Dye
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2-1-3. Dithiolene Metal Complex Dye
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2-1-3-1. Synthetic Method of Dithiolene Metal Complex Dye
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2-1-3-2. Application of Dithiolene Metal Complex
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2-1-4. Phthalocyanine
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Figure 5. Elements emploved in the preparation of phthalocyanine.



2-1-4-1. Synthetic Method of Oxotitanium Phthalocyanine
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Figure 6. The synthetic scheme of oxotitanium phthalocyanine dye.
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2-2. Microwave
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2-2-1. Characteristic of Microwave
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Table 1. Temperatures

of the

liquid samples

microwave power of 600 W

irradiated at the

Temperature after

Boiling point

Dipole moment

Samples i irradiation (C) (C) (Debye)
H.0 81 100 25
E(OH 78 78 1.69
n-CsHyOH 106 1379 170
CHsCOOH 110 1179 170
DMF 131 153 382
n-CeHus % 68.7 0.0
CcCly % 768 0.0




Table 2. Temperatures of the solid samples irradiated at the

microwave power of 600 W

Samples Inadiati?n time Final tel;rlperature
(mm) ( C)
Al 6 577
¢ 1 1283
Co 3 697
Cu 7 298
Fe 7 768
Zn 3 581
CuO 6 67
Cu:0 6 1012
Fes0s 3 1258
MnO 6 113
MnO, 6 1287
WO 6 581
Zn0 3 1270
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Figure 9. Schematic presentation of polarization mechanism.
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Figure 10. The schematic of dipole polarization under microwaves; (a)
without any constraint, (b) submitted to a continuous
electric field, and (c) submitted to an alternating electric

field with microwave frequency.
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Table 3. A comparison of reaction times and yield in representative

reactions using classical and microwave heating

Compound Procedure Reaction Average  Kmicrowave

synthesized followed time vield (%6)  /Kelassical

Hvdrolysis of benzamide to benzoic acid in water

CsHsCOOH Classical 1h 90 -
CsH;COOH Microwave 10 min 90 6

Oxidation of toluene to benzoic acid in water

CsH;COOH Classical 25 min 40 -
CeHsCOOH Microwave 5 min 40 5

Esterification of benzoic acid with methanol

CeHsCOOCH;3 Classical 8 h 74 -
CsH5COOCH3 Microwave 5 min 76 96

S\o reaction of 4-cvanophenoxide ion with benzylchloride in methanol

NCCsHsOCH2CeHs Classical 16 h 89 -
NCCgHsOCH2CsHs ~ Microwave 4 min 93 240
NCCe¢H4OCH2CsHs Classical 12 h 65 -
NCCgH,OCH:2CeHs ~ Microwave 35 sec 62 1240
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Table 4. A series of 2-trifluoromethylarylimidazoles synthesized by
cyclocondensation of monotrifluoroacetylated o-arylenediamines

Yield (%)

Temperature
R Ro
() Microwave (2min) Classical (20h)
H H 125 37 23
H CHj; 127 &4 19
NO- H 134 95 28
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(a) 2l F2t8 (conduction heat) (b) LHF2tE (microwave heat)

Figure 11. The schematic presentation of volumetric microwave

heating, compared to classical heating.
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Figure 12. Yield against time for Diels-Alder reaction with xylene.
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Chapter I. Experimental

3-1. A4 2 welazst {4 FA
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Solution Pyrex vessel Glass fiber (Insulator)

Figure 13. The schematic diagram of microwave system.
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3-2. The Synthesis of Polymethine Dyes

3-2-1. Materials

B Ao AEE BAES 2T AA glo] 1uE AHEEHULH, &
2 o=

W2 A2 233-trimethyl-4,5-benzoindole (Aldrich Chemical Co.,

99.0%), methyl-p-toluesulfonate (Aldrich Chemical Co., 5 99.0%)7}F
AgEdon HEAANES 3457 98] aldehyde 3 aldehyde =4
= benzaldehyde (Aldrich Chemical Co., %@ 99.0%), anisaldehyde
(Aldrich Chemical Co., <X: 98%), p-dimethyaminobenzaldehyde
(Aldrich Chemical Co., %% 98%)7} AR&= Ak &W=A Aers

acetonitrileS AF-8-3H T,
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3-2-2. Conventional Synthetic Method
3-2-2-1. 2,3,3 trimethyl-4,5-benzoindole®] %3}
=o}7 Fig. 149 o] A2 W2 benzoindole salt 3& T3]

91ste]l 250 miel T wieh At FgxAc] EwQl acetonitrile

(CH:CN)Z 30 ml ¥7}ata, 0.003 mole 2,3.3-trimethyl-4,5-benzoindole

A AAZo BAE ZAs F&& AAStAETH
3-2-2-2. Polymethine dye &4

250 mle] S ulek Zepaze] £ 30 mle] acetonitrile 77}t
3. 0.004 mol®] benzoindole salt 3 1.58 g# 0.004 mol®] aldehyde 4a &
2385 aldehyde 4b, 4c2 Z7}9] methine dye 5a, 5b, 5¢& ¥4 37]
A BAlgn Whesel 27 EaaZ ol A4 IWEE FUT F

Zeprag ¥R, 5715 A% 8k hot plate?]ol M reflux3hHA
| -
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sl WAES 2gsta, diethyl etherdlodls AZEE AA 7} 7} o)

methine dyeE 538l £&& =
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:R=H
: R = OCH,
C:R=N(CH3)2

(2]
T
w
[2]
4
/EO

A
o

:R=H
:R=OCH3
C:R=N(CH3)2

Lo )

Figure 14. The synthetic scheme of polymethine dye having various

substitutes.
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3-2-3. Microwave Synthetic Method
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3-3. The Synthesis of Symmetrical Squarylium Dye
3-3-1. Materials

Zzur2 A3 ALEE benzoindole salts 3-2-2-1914 4" AEE A
8899 2, 3.4,-hydroxy-3-cyclobutene-1,2-dione (TCI Chemical Co.,
% 1 990%) 2 &ulE A}£¥ n-butanol® toluene> Al%FH AlmE AA
glo] 1dlE AHE-3HA

3-3-2. A2 A Ao 9 ¥ Squarylium dye®] 73

250 mle] T utek Tepao] - 30 mle] n-butanol/toluene
< ®rtatz, 002 mol? benzoindole salt 3 7.9 g¥ 001 mol®]
3.4,-hydroxy-3-cyclobutene-1,2-dione (squaric acid) 6 1.14 g& Zz} 3
7bate} Fig. 160] Uebd Wi oz dAstch. Fekaa el A4 ww
O 293 e ZgAAE hot plate]ol 281, Fepaa%t §F7)
A}olo| Dean-Stark trape A x3t1, 60 mie &WE trapHlel 2% 3t
Hhg Zo] ZatEE fujo] £48 JA Y. Dean-Stark traps 23

S olfE Wme 2ol W4HE HOE AASGL BH F&e T

$8712 GEAR nesal EFEHe BEAFAA bE oWk s
1z

galE A, 1AL T 7 AAHE
CHte g e Aoyt Wzba 7l o8 244 rotary evaporatorg Abg-sk
2ol APEL AU HEF =L FELY

APES 70CAA 647 B¢ AZAZ tg dxd A& silica gel
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BuOH / Toluene

Figure 15. The synthetic scheme of symmetrical squarylium dye.
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3-4. The Synthesis of Dithiolene Metal Complex Dye

3-4-1. Materials

B A% A3 benzaldehyde (Aldrich Chemical Co., TX:
99.0%), sodium cyanide (Aldrich Chemical Co., S5 99.09%),
phosphorus pentasulfide (Aldrich Chemical Co., % 99.0%) 2 Nickel
chloride hydrate (Junsei Chemical Co., +=%: 99.0% )= A flo] 14
2 AgEdn. gAY dAE = &2 A 1l4-dioxane (Junsei

Chemical Co., %5:99.0%)0] A& % At}
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OH O
NaCN | il
CHO [ —— CH—C
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Figure 16. The synthetic scheme of dithiolene nickel complex dye.
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3-4-2. Conventional Synthetic Method
3-4-2-1. Benzoin ¥4

Z9r 2739l benzoin 98 TAEH7] AA 250 ml T vbE AT EE
3 50 mlo) 50% L& FEAE Hriski, Fig. 169 2°] 0.02 mol
o] benzaldehvdeZ ¥<s8tx, w2 AFEH+ sodium cyanideE 0.01
mol 715 AA wHbEL AL&Ete] hot platedl A 7FEAIA BF 2=

ol A wet M 2417 Bk gAY Wgo] TERAW EAE WA
&

3-4-2-2. Thiophospate ester &4

ke =74A 108 48] Y 250 ml 5 ouke AT EebAa =)
gz A}e5E 50 mle 14-dioxaned FLE, BEH 003 mole
benzoin® 0.015 mol9] phosphorus pentasulfideE #H7bet & & E2+=3

A sbgetel 347 Sk wuk sEA stdsch weol 13

=
8%

h
v

T me2s YzhAlA 20 mlY 14-dioxanelZ A FHEHA] o 3H]
et} P SES AAST, JFHAE ARI 250 mle] FHF A

44 A
e g
i)

>

W

2

%o

)

o

32

v
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3-4-2-3. Metal complex M4 FA4

3371 e
20 ml
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EL

=
=

complex dye

nickel

dithiolene 4|
thiophosphate ester &< 70 mlol 0015 mol® NiCl, - 6H20

=
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3-4-3. Microwave Synthetic Method

o] 30& &

O
N
)
e
R
ry
o

f

=
oA 12417t Eob AF 7AFEAAAM benzoing F/Asti, 50 mile
14-dioxaneS £mWZ A2 benzoin 003 mol¥ 0015 mol
phosphorus pentasulfide® Hd7+e 3, thrl 400 W &3 Spoll Ayt %+
2 Qo] WheRo) =g wj7bx] 308 T FFAIIIL, 20 mie) SR A
A3 A w4 oma g 0015 mole NiCl - 6H:0E 20 ml¢] H00l

o gole FET, WLEL AR LENA 0% T hAwe o
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3-5. The Synthesis of Oxotitanium Phthalocyanine

3-5-1. Materials

B AHoA &2 547 A8 12-dicyanobenzene (Acros Organics
Chemical Co., &% 98.0%), titanium(IV) chloride (Aldrich Chemical Co.,
2% 99.9%). urea (Duksan Chemical Co., +%: 99.0%)e AAl flol =
Wz AgEgon, ddg wjH2E  1-methyl-2-pyrrolidinone (NMP)
(Aldich Chemical Co., £ % :99.0%)7} AH&¥ At

3-5-2. Conventional Synthetic Method

A Ay FARE
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W] heating metal (250 mi, Hana

Coyol AbgEon, wege] Aag 2x 24 2 Aos 98 K <
Agel €% Ao7) (Hanyoug P100)E AH&3staict A2 4 e
2 oxotitanium phthalocyanine 12% ¥44é}7] st Fig. 173 Z2 &
q ourE e AbgEe] 250 ml F oube AT FgaId SR AE
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3-5-3. Microwave Synthetic Method

Fig. 13%} Zo] woja 23 P4
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(o~

CN solvent
4 + TiCly, + 2Urea —»
CN

12

Figure 17. The synthetic scheme of oxotitanium phthalocyanine dye.
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Chapter IV. Result and Discussion
4-1. AHA 2L vpolaws FA4 F& v

A AW D vlolazy A WEoE AT Aol Haid u
3 34 F&& Table 5 YERHAC polymethinedl A4
squarylium M4 A% oF 3 A7HEet stdete] FAE AAA A
7} 305 EoF vtdete] A wlolany FAUA T FEol AL H
zatgon, AuHez HFE AT Hd =& F&

2 9loltd. 18}, dithiolene nickel complex®] 7 $-oll= whol A2 3}
A A Fgo] BA Jehgon whg F7ho] &uidl 14-dioxane©]

t) 3] A4} phosphorus pentasulfide (P-S;)7F 2 &3i¥ A & Aol #&
o}

T o ¥e

it
LR
o,
i)
i
Py
tijo
2

L

9ity. 3M#, oxotitanium phthalocvanine (TiOPc)e]l Aol oAM= o
2 Mrse FART ZS A Wl el tEsta, FAEAZe] &
Ne4E FAFEE ZF7bete 43S YeEldnh. webA, whelaz gt
o tie zZ+zte] fulE9] coupling EHE BFE7] A3 400 W
vlol AR 3} &8 oA Z+zte] &ujES 180 2 7t 1o W
do]d (heating profile)S ZA3te] Fig. 189 WeR 1, TiOPce &4

Al 360 Z2Eote] FolgE e A3kl Fig. 19¢] WA
#o]7 Fig. 18& ¥ B9, water, methanol, butanol¥ acetonitrile®]
20 ojol] EEAZAA EZEAARE  toluenedt
1 4-dioxane® ZA$-E 180 27F Hoj®: A9 7tEHA & o2 Ug
gl o] Table 79 velglE wlo]az g oy Aol tigk z4zbo] &
F Ak AR

715kl whelz R oy Ao I EHe 7tEEALS =H A9 dipole

Asgoles 25

[

B

] 59 dipole moment?t £24%H (tan date= dH=E

moment (1), dielectric constant (¢), loss tangent (tan 8), viscosity (1)
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A sttt 2o} Table 62 A# W, E3 7ol dipole moment7t &
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ste] B2z vpR@AAdo] Fatsf A Dol A LEe oF HE7ME 5
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AR oz = YEon o) wgEdo| vlo]ars oA o) 3t
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sAoln, e Lol uls #egel k] WEd E£3}E9 WEIE

} obxm, mebq WHesEE WA FrhEcy A7
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Table 5. The vields of various dyes synthesized by conventional and

microwave synthetic methods

Compound Procedure Reaction Yield

synthesized followed time (%)

Polymethine dye

Classical 3h 86
R=H
Microwave 30 min 82
Classical 3h 68
R = OCHj; . .
Microwave 30 min 34
Classical 3h 98
R = N(CHs):
Microwave 30 min 95
Classical 3h 65
Squarylium dye
Microwave 30 min 64
o ) Classical 3h 78
Dithiolene nickel complex
Microwave 30 min 4]
Classical 3 h 2.8
o 2 min 25.6
Oxotitanium Phthalocyanine ) ]
Microwave 4 min 452
6 min 478
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Figure 18. Heating profile of various solvents at 400 W input power of
microwave energy. ( [l : water, @ : methanol, & '@ butanol,

@ : acetonitrile, ¥ : toluene and 4 : 1,4-dioxane )
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6. Parameters of various solvents related

with microwave

Table
dielectric heating
Boiling point Dipole moment Dielectric
Solvents .
(C) u (Debye) constant €
water 100 2.5 80.4
methanol 64.6 1.70 33.0
butanol 117.7 1.66 17.84
acetonitrile 31.6 3.924 36.64
toluene 110.6 0.375 2.38
1,4-dioxane 101.5 0.0 2.22
NMP 202 4.1 32.2
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Figure 19. Heating profile of TiOPc synthesized for 6 min at 400 W

input power of microwave energy.
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4-2. #3538 54

£Qa, ol B ATM gAY a5 2o FRA 4B

o] EUs ZTHEAHS JHtdE AL YEdoh Z . polymethine,

G

squarylium, dithiolene nickel complex 3 oxotitanium phthalocyanine 4
~E20 Ay FFEage Zzb o+ 356 (R=H), 442 (R=OCHs), 550
(R=N(CHs)2), 666, 857, 689 nm%& #<Q1s & glvk.  FolZ Fig. 20&
A B polymethine M4 S @79 AAFAHl FHETH
A4 oz ol Fak= AMEF (bathochromic shift)7t WEFHE 2

o o~
S o F Uk

61



Absorbance

Figure 20. UV-vis. absorption spectra of polymethine dyes in

1.0

0.4

——R=H
----R=0CH,
- R=N{CH),

-
L L

400

500 ao00
wavelength {(nm)

methanol.

62

700



2.0
@ 1.5 F
]
i
1.0
2
<
0.5 K
0.0 L —/' L
400 500 G000 700 BOO
Wavelength (nm)

Figure 21. UV-vis. absorption spectra of squaryium dye in methanol.
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Figure 22. Near-infrared absorption spectra of dithiolene nickel

complex dye in dichloromethane.
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Figure 23. UV-vis. absorption spectra of oxotitanium phthalocyanine

dye in dichloromethane.
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Figure 24. XRD pattern of a-TiOPc synthesized under conventional

synthetic method.
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Figure 25. XRD patterns of a-TiOPcs synthesized at various times

under microwave synthetic method.
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