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Xerographic properties of Organic
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Abstract

In recent years, various kinds of organic photoreceptors have been used for

copy machines based on electrophotographyv. Most of them are constructed into
layered devices in which a photogeneration laver is separated from a charge

transport layer.
They are usually used with application of negative charges.
Organic pigments have received considerable attention with phthalocyanine,

squaraine, and azo compounds being used to construct Xerographic photoreceptors
with enhanced long wavelength sensitivity.
Half decay exposure, sensitivity, residual potential and xerographic gain of
squaraine photoconductor were measured from the photoinduced discharge curve
Most of svnthesized squaraine derivative couldn’t use for CGM(charge

generation material), but it knew that a part of one was able to use it within

the possibility.

A few appliance is used to know about dependence on CTM(charge transport
material) of squaraine derivative. It could know that experiment's result is
2 5-bis(4-N-N'-diethylaminophenyl)-1,3,4-oxadiazole{(OXD) is the best product.
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1. 7 &

Az oA 3HALE A ] FAlo] sl Aol ZFAlelnt AFAE @ FlviAE A
Aoy 2 WE @ j1Ab3e] 220 Bxo] s REA 7| 75E HAH, S94}
2lof gleirde HEo gl

) AgstE 1w gle xR ARAe Fo1A A fo1A4 A3 ek 1970
Gl Aubel #7] zF3AL AEEEA AxAAS st & A5 2elstA =
ot} 2 & 714 3A e A o] OPCE WA= ith OPC 7428 o]H o2& A
H3lx, H5¢Ae]7t 298, drum 2 sheet® WE7] g, AAMEI} FH3lvh= FAES
AA 2 gk =3 2RE B HAZ} 4 Fel OPCrt 2A stk

F71A BAEA AEs A AE, 71224 AE, g5, FHRAL A2 B
FH? 27 DA E PVC2S Ak 48 FAEA G} Fol2AtFH (A ste) 553h
FHEA 7 AYEEA A2 Ne]e] A Y o] FAr} AFAeR NE ]} )
glo] WA A 24 azodt®, squaraineFEAZE oA Helow, Ajgle] o]FAEA
oxadiazole§- =3, pyrazolinef-% A, hydrazoles9 #2}A A&7} 7= sk

B APl HEd R4 A9 FsPE A& (charge generation material : CGM)
2 AFEE = squarained §AEFe], CGMo. 24 #7197} squaraineo] ZHE H3lo| &
2l (charge transport material : CTM) 2 polymer matrixol|l &k &£ & v, 7 E319
c}.

ot

2.1 Squaraine °t& A

Squaraine ¢FR.9] FAL FA4YE F2E 7IXE o] 71 & EAoln, FAHL
Sprenger ol 98] & oredA 9lch” WA squaraine g2 FAHL
N-oFzwl Al -f- A 2} o] dvhA| wk-g-ol ofs) §HA 3kt

Squaraine 49 4% N,N-dimethyl-m-aminophenol 8.23g(0.06mol)®} squaric acid

squaric acid £}

3.42g(0. OBmol)% n-butanol/benzene& 4 : 152 E3F &0 180mlel| 21 20A17F FFA]
Fth WeZEF ¥ MeOHZ F83] AHg F ZAxste] ZxEE v} squaraine 3, 5
\ol] buthvl7]v} methyl7] 7} 3-8 A $-2 squaraine 49} 2+ o2 A 3}sdct.

Squaraine 19] 4% 2 3, 3-trimethylindolenine 1.9g(11.9mmol)¥} squaric acid



Squaraine AL o] 43 471HBAL) AR FH 3
0.68g(5.69mmol)< n-butanol/toluene (4 : NEFHE-Y 60me ol A1t 3A7F 7 A

t}. olu} Zuj2A] quinoline 3m¢E gt Wb 3 F AN AAEES AN F
n-hexane. & AAsted 8-S P9t Squaraine 28] A= TL3 wbH oz AT

G —»\©f3=c~+ 200

Squaric acid
Squaraine 1 : X=NO2, Y=CHas
Sguaraine 2 : X==CH 3
OH O 0 on ¢
X\ 4
N + C@»
x/ HO . QH &® HO
Squaric acid

Squaraine 3 : X= CHa3a
Squaraine 4 : X= Et
Squaraine 5 : X= Bu

Fig. 1. Synthetic methods of squaraine.

22 HEY w7lH4EM Mz

B Ao CGMoz g FTAEF AMEFS squarained ©]43ct olF
squaraine 620~670nme] FAF AL 71w HAzPARA A BZA Fol 0] 4%} ¥ 13
3 AHE 2R sEY22e 4818t edAke] Ethrey BX-L polyvinyl-butyral(PVB),
Totobo Co¢l Panlite K-1300 polycarbonate(PC), 28]3 Toyobo Co% Vylon 200<!
polyester(PE)E AH&3tgich A4 CGLE 57| $13te] Zb ¥zt WEH2: 3wtk E
tetrahydrofuran(THF : Junsei chemical Co)ell 20~30% 5t IHMA#H 24 3] ‘Q‘KH kAl
t}, 28] 2 squarained polymer matrixe}t Feu|7} 4 ¢ 1o] HEE E3g H, 2857 f
1A 2SI} JU-2000PW)oll 907 EArA ) shAd3] #4F A1 §4-L gto]o] u}
(wire bar : #3)& o]&3}o] ¢FrjFo] 2% mylar filmoll EZ3AEH EX2 F 25
Az7)el gol ¢F 70TClA 1A 7F AF A ZAc}. AzkE wlehe] F74= Seiko instruments,
LE-3308] wlebsrA247] 2 24atdch By Aol S s4ehs AL s CTMS
TR 2 Azlo] ¥ 3 A Fo]F3 o] Ut} Squarained i CTMIEAS HES]
a4 4572 CTMS AH&-3sich
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N-ethylcarbazole, Polyvinylcarbazole(PVCz), 1,1-bis(p~diethylaminophenyl)-4,4-diphenyl~
1,3~butadiene, 25-bis(4-N, N'-diethylaminophenyl)-1,34-oxadiazole(OXD)& AH&-&}sic}.
CTLE Alatebr] ¢fste] WA wizt W22 ~(PC, PE, PVB)E THFl| tisf £Ho2
=71 218 10wt stod 20~307F shde] GafAzich &afxl St CTMS S5l
112 &3sto] obA] 5~1087F b3 3] S A7) o}, 2to]e] wH(wire bar #50)% CGL
flell Az et FAZE 10~20pm7t H =% =X A38 AL of 10T 1412
AFAdz Aok

e 714 712" B4

@ ee) Waks EW9e FIVAFAE o] 43}

i - . R =Y 1 [«
of AARkxl H5AF2] shal PIDCE A st Agdiel Axa Ags dFely &
dE AR AR F ARE TEAINYE Z2v u}w w2 zuirbeia zhgae] Fme - -
i /ﬂﬂ(Flectro%tatm voltmeter, Model 360)2] probe

2 A=k gdE A8 1A S
olefol gol] o] olul 7FA A s} 7| EE} 2FHA mwie] Mt dAg A
Slevpel E¥hdlS o gzl B2 2XE monochrometer(Acton Research Co.
spectropro 270)5 E&) wtqPo) A g2 Fwid FAETH

B oA oA W Al GBS 50nm7E S Fua] spAgde =
7zt abZbell EddF Bt e S F7] $38to] photometer(Tektronix, JI812)E B} e S &3
3lof 3W/em' 2 YA A FA| A Zlch

FERAA AFY RAL) CGLAA Q-3 AFo] dAste] 271% el o8 Feld
2, A% F Aleleirt CTLE F3l ol&sl 7hdAe] THd9 s 47k o7& v
= Wz probeell A ¢1elA AD converterg A * el dHAIZ] o} datad AHE]
stod EH Aok A28 fr13g A WE AL W, AZbel] & WA A4 E
ZAshe] ZFRAS] FAUT 7S BARCL

0

2.4 Xerographic gain
AApAbA B4 F Aol A4 Aol 54 == Xerographic gain(G)> 354 & e}

J O
Wiz 24 o shbelel! G gaAlel Solet HpRigel da) AgHe 4F 2 A

27} T A S AHA 7]+ vl E
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Squaraine ZH3A & o] & 47| 7}FA ) AApabal B4 5
n
G=—2 (1)

sroka} 1702] o] Ex t}e Alog FAFch

— he
=20 (2)

h : Planck AH46.6262x10% 1+9), ¢ @ FEE(2.9979x10° m/s)
At ZrEA e qlAbele wle] B
the] A7k zhgale] 9] wide] 2AlE: FoUAE L(J/sec - mA)EbaL 3pA, BeoF

o]

o] 4 npe chah R

n,,=% =2—°§(each/ sec + m?) (3)

_ i _dQ _C dv_ A dV _e&  dV @
WA T Adt T A at AD dt ~ D T dt
igEAlel BEE AR, A gAwA, @ A%A xwe] st
C:zrmAel AAseE V:zbdAe 2wl e Hs} S AR vlHAE

g ¢ AT FA8@B854%10 " F/m), D : Z+ CTLS] 57
_/,\_

7N 2] ne e Z2o
nh=Jq; 2%? . ddlt/(each/ sec * m’) (5)

g Nelel 1707y zb AshE
up2ba] 7F3-A]2] Xerographic gain <& &A1 02 vjepdicy

_ M &&he 4V
G=, = Dalj  dr (6)

dv/dt © 33l 4=
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3. MR 2 BE
3.1 &M FF squaraine R A2l CGM22AM 2 I}

Fig. 2& 4% squaraine 82 #3548 Jehfigloen Fig. 3& 7} squarained]
TZEAE el

Abs.

Wavelength(nm)

Fig. 2. The spectral sensitivity of squaraine.

B7tEol] dsks vlA F 9l 4TS deviceA|Z A 2] BaBolvt 9dxte] =] 18]
I dAke] ZA ol 3§ Selc) oo qlEe] CGLEYE CTLES] AF F9l9 &
5 & 4TS AT, FUEES 28R} 229 o] 25 UR], CGMI CTM9] o)
3ol Apolell olsl d3kg whAl Hr) o]lE A Folx CGMLE AHEEHE
squaraine®] FHEA-E v AAAA A squaraineF212] 3§ E o] oA of kS WA
"o} wh2bA] squaraine®] AP P2 wWigte wle} #xpzke) AFzqlEo] Wala o7
ot e HetA Heg Jrer WA @ Zlolt)h wlebA squaraine] A
Z B4 met F71A] group 2B el AAE FA 719 9l 97 Adte}l EAE &
A719 2718 WA FHA AR A el ¥R} oM BAAEY 3)3EE) 37t Ee)
Al gabg A gl
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Squaraine 7+32AE o] &% H714FA Y HAAH B 7

(2]
o NO
N 2 H30 c|_b H3C C z
l:l N
CHe ot

)
ChHy

Squaraine 1
Oe 0e HO
HiC CHg HiC. C HaC, | Cho
e OO~
N N HaC Y CHs
Cho P CHy oH &
Squaraine 2 Squaraine 3
OeHo oem
(EHN @ @) @ NED): (Bu)N @ @ @ NBU)2
oH o P
Squaraine 4 Squaraine 5

Fig. 3. Squaraine pigments used with carrier generation material.

Fig. 45 A28 #7173349) CGM2A 715§ H71st7] $13te] 4% squaraine
5% 58 COMoZ AM43tx, CGLE 2¥2 HEY22rE §714 Wedxq PCY, 2
22 CTLEE OXD/PEE =23 HZF¥ f7[34AE Azste] Aztel] & 244
wW3lE el 2 A A A A 0 23= squaraine 13} squaraine 30] AAARA EA F
9] shtel Bt go] F& B Tk

Squaraine 1, 298] A% NO.7|7} 283 squaraine 10] & 3731488 B9tk NO,
719} &4l& squarained] o &% AL AHAOZ o] FA|F3, PCeY A32E&-&
2A oz HALE o] Axpdoeg dojuw HAoR FIWPAE FAAA FREE
A7) Aolrh elm, FA471¢ E9l& CGM ¥Azte] A yE L ZuA# CGMe
HOMO. el R & Z3=132, o] 23U R]& Z7HA7]1& A34E 714 & Zleo|t} Squaraine 1
2] HOMO #aA% olijz]& PPPAAbe] 2f8bd -6.9%eVE o] 7o o) AHAH o o]
23} oURZ Hrlsl % 4 ok CTMR) OXD2| o]23}el|id =] +52eVel nlslmd o] 235}

MR 7E e Aoz AzEch webd HOMO WA & Fe A2 F3Ale] o8] 1
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13k A Fo] CTLE T+ 2L dA 15 Zloltl 18122 NO»w79 =422 CGM
F-217ke] AjtEo] 7R a e E o] CTLRQ F9 & 8°] squaraine 2o w3 o &

RAolt.

™

N
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[
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Fig. 4. Photoinduced discharge curve of each squaraine.
(CGL : squaraine/PC, CTL : OXD/PE)

Squaraine 3, 4, 5% H| 2L 4 amino7]el 2&E G718 F7)l wle} B3] g0
webal g Hol Fob & 47]el =7]7) butyl, ethyl, methylZ Atopd 2 7ka] o
A vepgtrt o] 2 A X&E G A avrt g ee} %}’L}lﬂl °3 %k
S VA AR g dA% dEFS vtebdch 2R methylZ]e] X &2 butylz]el »B]s)
squaraine®¥-A}7He] A o] Lol LA} wlEZ o) 93 BAloll= 2 L F
A o} butylZl= A A efol s Atz el AjH o] ofsty, w-A; lEZ 29}
= gl Aol wjFol] Aoe] oslrg FAER "oy Ao A o] NOI
= 7F4l squaraine 1el42} ZFo] squaraine 3ellA{le EA}7He] Z o] 7]x] AbefofiA]
HOMO®| ol & &3, o] 7ol 2fs) o] &3lell =7} F7lelmA CTLRES A3 54
8% F7EE AR A7E webs Fxal ool EHA7E HeiAx, 3
28] 3k Vy/2o)stE wWoll S ok 4= qlt) o]#lg Hog vl Re] B uf squaraine ol

4] squaraine 1, 30] CGMo 24 $43lti= 218 oF 4 glch

—

o
0.



Squaraine 7t A& o]-&& R713F A AR 54 9
32 Squaraine ®Z A2l CTM2| &4

Squaraine 13} squaraine 3°] CGMo.2A ¢33 EAE Jepoz o]zl o3
CTMe] A3 &S dotr] §iste] niat W E 22 PES ARt H333H3
A& A ztsled Y7k 8-S A skt

Plg 5= CGML 24 squaraine 18 AR&-3}32, N-ethylcarbazol, butadiene, OXD, PVCz
% CTMO.& A 7ol mh2 mHA 9] o] wshs vebligich. OXD7F #2ARA] ol E7 4 99
wslel = B go) 71 23, AFANE 7B A Jebd squaraine 2.2 ¥ CGLell
ey 7 5% BAAS ek

Fig. 6& CGM2. 24 squaraine 3% AH&-3ta, 2t CTMHE 2 A|7tol] w2 Teizlgiwis)
e ‘/}E}LH”’E} PIDC A ol|4 OXDE Aleigt Yz CTMS A F 2714 9
(Vorb Agioie] dxal 3 AN A3 Viertr 22sts 4t 78 5 ¢
ol ZFFEA L F17)7 Eobs stTh o)A sFEARA] CGLUelA A Fe] A E o
CTLE £33 & w CTLol A trapell A-3o] & =7 wjFolch

50 ¥ 500 ¥
400 A0

| ™

2 5

§2(X) F g 20 }

g 8

7 3

100 + 100 }
0 0
0 5 10 15 2 0 5 0 5 20
Time(s) Time(s)

Fig. 5 PIDC of squaraine 1 with Fig. 6 PIDC of squaraine 3 with

several CTM. several CTM.

3.3 Polymer matrixofl & 24T 54 &M

Alg ke CGMLe.2A F7txr) Al $-43F squaraine 13 squaraine 35 PCel #
A A AREE A, CTM 2411 7h 3hert 958 OXDE AHg-shsdch
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A o)EAE HEO YA IR} A3r] Aol w@A chEY e
AN FIAY, L33t FUsAl EEst] Algdich 2nE WEYAg Al4ste
AEAL CTMH A4 2 WuluAe] $5aor 3, FATdE AAg 23S n)
t} mfeba o)z BAZ dolr 13} CTMeol AM&3ts 7832} jEg A S odr]Aql P
o} PE, 23 A<l PVBE A4-3te]” OXDste] Z@e = CGLE¥ CTLZS| 43F
9l £3E o]&3} oA o) E wlm B3}

Fig. 7% Fig. 82 squaraine 19 33 Z+x 9 whibxsgekg vehd 7o) PES 7
& 550~700nmel A 5% ZFEE 7HRch PC2F PVB+ 650nmeoilA] =+ ¥24} PE
of wlalwl AA =HAwR wots o FErF FES o 5 gk a28j3: PCY AS=
600nm, PVBE: 650nmellA] Hbb ko] BB 02 713 JA|wt PES A wwl 550~

al

o Mz Mo

@

00nmel A WA W] e e & 4 glth
2 50
4
i 5
e :
e
0t g
= &
= 720
5 i
5 2
10
0 0
40 550 &0 750 80 980 450 550 650 750 850 950
Wavelength(nm) Wavelength( )
Fig. 7 Sensitivity for squaraine 1 Fig. 8 Half decay exposure of squaraine 1
photoreceptor and CTL photoreceptor and CTL containing
containing PE, PC and PVB PE, PC and PVB doped with OXD.

doped with OXD.

o]z &t 74 3k-8 KanemitsuZ} CTM®] o] -3t A (IPerv) ¥ 282} s B ~2] o]
Hel A (IPen)2] 2Fe] AIP = IPpn -IPen®] #fel7b E4-3 A 32 ol sXx7) Aty
3] -aIP7h AP o vlsf WAl 3 AFo)FEE etk 283 +AIPE el
AIPZHE hopping$ A Atele] ahw3rar FAol At alP7b S718E AFols
7} Zdasta, ~alPd el iz i) v ER 0] e o] 23lu el o] 7] % Efg

3 gFolFo] FAs] tagclay Rausta ek o7l E CTM @ ah vjE2

> ox M rit Jlm 39;
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Squaraine R AE o143 F71ARAY AR FA4 11

&) o) 2stoElAd Ao]E MW CTMQ OXDE o33 elido] 52eVe]x, PC7t 45eV,
PE7} 59eV, 18] 3 PVB7t 5.1eVel2Z o] 52 ol PC]! ZAFell -0.7, PE]l -5+
08, 18] PVBE -0.19] 3t& Mtk o] HE vlFo] B o +34-& 7HlE PES) Wt
7hePerolt 2tEt -3he 2 g8 nia jEdandg 53 AFELS XS &
% 9l3, o] 2su el te|st ZHxrt AR A ASE BT

Fig. 99} Fig. 102 squaraine 39} o34 % 9 ubzbxe 338 vehligich

Squaraine 3] %% 94 PEZ} AAA 22 PCY PVBd vl8) 2h=rt 3, Wit %
ko] o} CTLY A MEJA2A HPY Ao Btk 53] 13 HAbels 9

22291400 ~650nm 399 =7} PE7F o} 8 B3l vl E3, laser Aol W4
Al ZAYA 9o L% PC PVBe vls| &4 Aol & FEE B F2

20 50

Sensitivity(V ssm?/ uJ)

Halfdecay exposure( zJ/cm?)

0450 550 650 750 850 950 0450 550 650 750 850 950
Wavelength(nm) Wavelength{nm)

Fig. 9 Sensitivity for squaraine 3 Fig. 10 Half decay exposure of squaraine 3
photoreceptor and CTL photoreceptor and CTL containing
containing PE, PC and PVB PE, PC and PVB doped with OXD.
doped with OXD.

glt}. Squaraine 13 w]28)e w squaraine 1] 3ol uls] ZHAFAeNN 2tert Y,
550~700nme] 3 o)At 7% & Jehl 1 glch Squaraine 30 10 Bls} CGM2Z ZH%
7} o T3, Balle] B3 B45r) B8 Aoz AzE

34 Squaraine M &% ZtaA 2| xerographic gain

<k

o
i)
o
o
ﬂlr

Fig. 113} Fig. 123 33 xerographic gaing sfeleie] AAdel F2%
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xerographic gaing A 2 e}

Squaraine®] &4l Fdiel 2e] squaraine 13} 30] EA} vEZ Aol FAbE Q)
& o= Y FoNM e F gabed HollA xerographic gaine] X9, 21 9]9] }A}ei A
E DA Al dake] AA Aol 2|8 xerographic gaine] vlERE AL & 4 9l o
ehx CTLe] vlE# 2yl Wid of wbx} sjEmoho) 33+ A9 Afo]2 xerographic
gain®] Ws}hE 2 5= Qo) Fig. 113 Fig. 1264 2 4 ¢l 713} 7Fe)] squaraine 13} 39l
s} s}AFel] u}E xerographic gain®] W3S B9 squaraine 39} ko] =3, 800nme] &
A e}od o]l A& xerographic gainZzts YehH glch 18] 1, squaraine 39 7o) CTL
of AL e zel wet 2 9jddel 2] xerographic gainel &g W35 Holw,
squaraine 12| 7Z-$+= 7FA134 dgollA] @2 W3ls Jell =g CTLY w8x} njE3g
27F AA ZFREA dAXE A% vAS o Uk

015 015
—o—PE —o—PE
F.-Q e
—a--PVB - a--PVB
01 0.1
g 5}
3
3 H
3 2
;:,0_% Eo‘%
0 0
450 550 650 750 850 950 450 550 650 750 850 950
Wavelength(nm) ‘Wavelength(nm)
Fig. 11 Spectral response of the Fig. 12 Spectral response of the xerographic
xerographic gain for gain for squaraine 3 photoreceptor
squaraine 1 photoreceptor and CTL composed each polymer.

and CTL composed each polvmer.

4. 5

af

Squarainef =4 CGML R & HZF¥ {77349 ARAIREA S 243t CGM
o728 7S Hoksl B A o-ea) e HE2S )

1. 43 squarainefF = A FoA] squaraine 1, 30] FFAFA] 2% ool T )7}

Wojzlar b7 wal 7] wlitol M E8 bgAle] CGML.2A] Al 5ol 74af o=

[}
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2. Squaraine =49 CTME] 2]&4-& PIDC Aol 27] THA$

B

-~

ol

Squaraine 73 A & o] &3 §717FRA L] HAAARA BA 13
g& o & 9laek
E x2m,
A}f A AL AF F V2R mDshs AZbe] ofF B Wl fFeHel 7}3}
£ 7S OXDYE & 4 ek

CTL-J matrix 9&4-& PVB, PC, PEZ w23 & A3} PE7}F 71 $-5-3lch= A
£ o4 5 Utk
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