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Abstract

New methodolgies for the syntheses of unsymmetrical squarylium(SQ) dyes for
organic photoconductors(OPC) were developed and photostabilities for these dyes
were discucced. These dyes absorbed at 640-690nm and exhibit high molecular
extinction coefficient about 10°. Photodegradation rate of these dyes is acceralated in
the presence of singlet oxygen sensitizer. On the other hand, the photodegradation
rate is retarded by adding effective singlet oxygen quencher, such as 2:1 metal
dithiolate. It is suggested that the photodegradation of unsymmetrical SQ dye may be
due to a photo-oxidation involving singlet oxygen.
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21 7171 & Alef

3ot =4 F4 & Electrothermal 910022, UV-VISESF A#HEA L Shima-
dzu UV-210 Spectrophotometer® W24 A= Ushio UM-102(100W) ¢S 5
£, 944844 = Carol Elba Model 1106 AnalyzerE AF&@th.

Hhg-ol AL R AleF2 AldrichAle] 53 2 4 A1 do)it AASHA ¢ g2
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22. TA, SQAx ¢ ArHAlY 34

2.2.1. Dibutyl Squarate(2)¢] A

Squaric acid(1) 3.42g(30mmol)& 1-buthanol/toluene 100ml(1:1/viv)oll &30A1A 144
Zr BF A7tk Dean-stark trapg AHE3l] A EHE L AAZT &9 F2A3)
= UFFIA 592¢9 dibutyl squarate(2)& IAH(FE : 47.3%)

2.2.2. 2,3,3-trimethylindolenine, 2,3,2,~trimethyl-5-chloro indolenine,
2-methylbenzothiazole, 2-methylbenzoselsnazole, quinaldine®} N-&Z 3}
2,3,4-trimethylindolenine 1.2g(7.53mmol)& acetonitrile 60mlol] &3hA17) & 7A7F 3
FAZT el E FLAI7 T doX e B nHE of33te] CHChLE AlHad 3=
o} :AIQ 1,2,3,3-tetramethylindolenium iodide”} 68%(1.54g)8) F&= oAt}
2,3,3-trimethyl-5-chloro indolenine, 2-methylbenzothiazole, 2-methylbenzoselenzole,
quinaldine®} N-¢Z 3% 99 22 FAUHY £33,

2.2.3. mono X% butyl squarate(4)9] A

Dibutyl squarate(2) 2.26g(10mmol), 3-ethyl-2-methylbenzothiazolium iodide(3a)
4.58g(15mmol), triethylamine 3mlE f&& 15mid] €327 3 70-80CNA 587 &
WA, B2 wx)E FH AES A9 monoA¥ butyl squarate(4)7} MEHh A
A& 33 & ether2 4133l 2.15g9 monoxl ¥ butyl squarate(4)S 9t}

(& ; 65%)

—134—



713 A=A R(OPC)E BIthA SquaryliumAl M9 382t FBE 3

1,2,3,3-tetramethylinodolenium iodide(3b), 1,2,3,3-tetramethyle-5-chloro indolenium
iodide(3c)¢}te] ®E-E-© 2 FE monoAl ¥ squarates L= WHE 719 TR EJoh

Analysis

da. Found : C, 64.26; H, 5.13; N, 4.26. Calculated for CigH1sNO3S @ C, 656.62; H, 582;
N, 4.25%.

4b. Found : C, 74.11; H, 7.11; N, 4.21. Calculated for CxHzNOsS @ C, 73.81; H, 7.14;
N, 4.30%.

4c. Found : C, 67.36; H, 6.18 N, 2,96. Calculated for C2oHzNOsS : C, 66.73; H, 6.18;
N, 2.96%.

2.24. mono * & squaric acid(5)2] A

3-ethyl-2-methylbenzothiazolium iodideZ ¥ %43 mono X% buthyl squarate
1.73g(5mmol)& N && 30micl H7ls) &FA|Zth 40% NaOH 8<% 20mle #H7}std
g gt glojXch WS 2N HCl 8402 F3A| 71 T34 nirst &3
o} E B2 A3t monoxl# squaric acid 9.876g-8 LULE(FE ; 62%)

5. Found : C, 61.03; H, 4.29; N, 520. Calculated for CisHuiNOsS : C, 61.53; H, 4.06;
N, 5.12%.

225 ¥tA SQMA(MY A4

Mono *]3t® squaric acid 0.273g(lmmol)3 1,2,3,3-tetramethylindolenium iodide
Ol73g(1mmol)a 1-buthanol/toluene(1:1/v:v) EF-& B 40mlol H7tsted 16A17F 3HFA)
gk W83 & AAPE AAEES el etherR AF, Hx3t 0.39g9] Bdid SQ
ALE QUAT(FE; 64%)

2.2.6. Benzene dithiolatea &2 A(8)9] 34

240 90mldl KOH 4.3g(77mmol)€ &#A1Z1 5 toluene-3,4-dithiol 5.9g
(38mmol) & #7}gct FFo e 10mlelt NiCle - 6H:0 4.5g(19.5mm01)—% LAz F
7] & o Hapgirh A&oA 241 HEE & FolekE 10nlol tetrabutyl ammonium
bromide 8.6g(27mmol)& &3fA1Z1 A& H73ted 3A2H ﬁ"’“]ﬂ‘:} AFgE T EEE
AFAZS 15.04g9 NiZAE LA (& 5 60%)

2.27. ¥4 carboxylate(13-15)¢] A4

g 10ml°ﬂ NaOH 2g(20mmol)& §3A1%! & salicylic acid 6.9g(50mmol)& #7}3td
@ukgtth & 10mlol zinc sulfate 657g(25mmol)° S3A 7 A A7 BAo A}
A7)A Hke e Hakg UeEly o3 4 £ AFE9 2-hydroxy benzoic acid zinc
A 15gE AT (& 5 9.01%)

3-hydroxy-2-naphthoic acid®] &A% 4719 ¥Egl

AN

&l

o

43

—135-—



4 T3 A 124 A1F 1994

23. W34 AL cellulose acetate & 9] Ax

DMF-acetone(1:1/v:v) 1L& 9l cellulose acetate powder 100g2 &a A7) & ¥} A
SQAA 0335 (7.7x107mol)& H7bsl @¢xs &siAzth FZREZAE  2-hydroxy
benzophenone(HBP) 22g(0.11mol)® #<AAAE 2zt 0.111mol® A 713k #2889
A fElsoz dojyq FA4 0.05mme] FAHPELS FAPAN F A2 2443 AEA
713 AFA 20417+ AFAA cellulose acetated E-2 51t}

24 93 SQAA(Ta)d) W34 49

A4E H}EEHAIZ EtOH-CHCI3(3:2/viv) ¥ HOAc-DMSO(7:3/viv) & 8-& A}g3}
o] SQMA 5X10°mol/19) &L Az @t}

A7MA S e FAEF dolE 1.9%X10°mole] HIMAE 4719 &id] Hrlsto A&
At FEE7)0 50mlY HEd FPAoZ BE 45cm ol o) Fu AAAL BEF
AR & SQAAS] HolFFaFdAe F3x A2 Ry AogAg S Y Fhe
2% USHIO UM-102(100W) Z¢sL5& A& 3t}

3. 45 2 n#
31 9 SQAAMY 348 H 5A

NAE SQMA9 FAHL squaric acid9t N-4Z a3 WAl fFeA 9] doA] wke-
A 93t FAH=U vsle ¥R SQUAE JaA BHSAZE AXAN dozl
t}. (Scheme 1)

Sqraric ester?} 2@ base2te} WF3-ol 28 mono X B E ester7} FoAAE HEE-
B oln] Byg vl glou g olF ol &ate] wglA SQUA(NE TASAT B A
Pl AA squaric acid(11)9} 1-butanol®] ®FZ-o 2]3} dibutyl squarate(2)S AL
9, 1,2,33-tetramethylindolenium iodide(3b)2+9] WF-E-o] 28] monoX % butyl squarate
4b)E 9} o)n TAHE monoXEH butyl squarate® FE FUIR|. FERE utA
H A SQAAE #4448 4+ Udd. 94 NaOHE AME3AA 7l siA AN d&
mono X3 squaric acidE N-4Z3ld wAfEAe} AAHANEAHoZA MarE oA
T A

% AFME SQELFAAANMY F&& sty WA {FEH e EFI 4a9)

S bR HAE AX ALRE 3*5}’;312.“% mdolemumv AE<S mono X S
squaratea adE g A B ARRRn. Ao FAES N-4Zsd A F
EAEL AR ZA v SQMAE F8E T °‘9\i‘:} “*”% AMre) & Hd
Eaa, BEF3ASE 838 52 Table 19 YeET uldld SQUEAEL _‘?:'?- e
FEE 9 Ao eo] 10° Axe A MxE e

tlo
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(1) ) 3a. X=8, Ry=CHs, Ra=H
3b. X=C{CHy)z. Ri=CHy. Ro=H
3c. X=C(CHa)z, Ry=Clha, Re=Cl da. X=S. R=Cilts, Rp=H
4b. X=C(Cliy)z. Ri=CHs, Rp=
de. X=C(CH3)z Ri~Cil, Rp=Cl
0]

‘ X

i) 40% NaOH CI S \@)—cm
(4a) ——m——— y===CH 0 — N,
J{(

i) 10% HCI

Et OH (6)

(5) Gu, X=Se, R=CHs, P-zH
6b. X=C(CHs)z, Ri=Cills, Ry=H
£z, X=-CH=CH-, R;=Clz, R:=H

(4b), (4c) N —
o
Ry Ry
\/\/’X A ///:\\//
©| SO =g > CH == /\U Y]
N Y N
| l
R, o R,
{7)

Ta. X=S, X'=C(Clls)y. Ry=Clis, R,'=CHs, Rertl, Ip'=H

7h. X=8, X'=C(CHs)z, Ry=Cily, Ry =Cla, RpH, Ry =Cl

Tc. X=S, Xiz-CH=CH-, R;=Coles, Ry =Cally, Rzt Ry =H

7d. X=C(CHs)z, X :-CH=CH-, Ry=Cll By =Colly, RenH, Ry’ oH
Te. X=C{CHyds, X =-CH-CH | Ry=Cily, R,"=Cols. RemH, Ry’ —H

Scheme 1. Syntheses of unsymmetric SQ dye
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Table 1. Some Properties of Unsymmetrical SQ Dye
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Al dslA oj=FEe) pgel 2FF Ak WFY ANE AT FHAL )
249 AEE ZAE Bas) Qon oo me HAYANg shAsol g X AT
NE g4E W02 SQUATE WAz FHA/T D 2R WrhAe 9%
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Scheme 2. Additives in this process
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AR AR FIZEA FEA FE (13)-(15)2, =AY FFAZME
HBP(17)&, 15844 SZAZAE (16)2, 1534 A AXZE (8)-(12)5 A&
Fig. 13} 2= UVE<$A¢ 2-hydroxy-benzophenone(17)% metal carboxylated 7+ol 2]
3 ougiA SQMAe FAAZE AN W Z)FAMAA ZAE Ajelti. HBPR
2 A2 AS HAaszrt Ags =33 o HBPS metal carboxylate] &3 7t
M= HAe] 0S AL & F Uk

-
/

" 10 - \ -

Fig. 1 Effects of metal carboxylate on the photofading
of SQ dye in solution state
-V- HBP + (13)
-V- HBP + (14)
-(J- HBP + (15)
-@- HBP
~O- no- add
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Fig. 2 Effects of metal carboxylate on the photofading
of SQ dye in cellulose acetate film state
-O- HBP + (13) -@- HBP + (14)
-V- HBP + (15) -V- HBP
-[J- no- add

metal carboxylate®} SQAAZFe] ionic complex@ Aol 2 M o] kAt

oJAL
g Aoz Az AH(Scheme 3).
q
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Scheme 3 Ionic complex between metal carboxylate & SQ dye
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Aie] 837z dBAHE BHME o|ARY = B FAPH AHdo] & A gl
o} FEAL Aty oz Asiukgd) 7| low 53] 15T A 77 A gtE
o] 284 HA QY. Fig. 3045 15Z247 vty SQAAe) FH A mxE
gate oolny] 9% 2P AAZ 15F449 F74# <2 Rose bengal(16)E H7Hgh
BAe MAo HA&ETy) AFd) Wl o F3 153440 AA < NBDB(12)8 H7t
3 ASde HA9 &7 =8Ae ¢ F Uk
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Fig. 3 Photofading of SQ dye in EtOH-CHCI3

-(O- dye soln + (12) -@- dye soln only
-V~ dye soln + (16)

WYy SQUAe) FugolM UANRE Yolur] AsiH InHom Fuge] I
13 gle £U)E A8l WBHE ZASIATE Table 201 AHEE Sule) 543
10,9) 3] B¥ FEE Jepinh Fig 490% Ax BHge ANG AT JHEY

A Qe gl qe] Hael b =d ROE Held 15F
g g & AN

Table 2. Properties of Commonly used Solvent in Photofading Studies

Solvent Viscosity. cP Dielectricc constant 7 1Ag psec
CHsOH 0.15 33 7
CeHs 0.56 2.2 24

CHs(=0)CHs 0.29 2.6 200
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Fig. 4 Effects of solvent effects on photofading of SQ dye
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Fig. 5 Effects of 2:1 metal complexes on photofading of SQ dye
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Fig. 59lXE M4 FEH AL AA57] 43 H7A F 1540400 g Asnkg&
AAA 7= 2189 metal complexg A7Iste FGE AA, FAHFTE] FHk3o 1)
e G Bt A Aol

A2 ¥ metal complex %A toluene dithiolatedlX] =¥ FAHFE°] Ni(®)<
7} 73 &233FQ) 153444 AF 2 ARS8 tetrachloro dithiolated] X F-= €
FAME FHFE] Ni Co, Cud £A4ZE Fukgo] oA e FE A AAFH7 dokeE
Aol verytT)

4. 2
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