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SUMMARY

Recently the application of organic polymers to optoelectrical
technology attracts great attention by virtue of their merits of
processibility and economy. Several polymers having photo-conductive
property have been developed and industrialized tor  the
electrophotographic devices, such as plain paper copier, and laser
printer.

The main purpose of this work is to establish the principles and
techniques for the photo-active polymers and to develop the eftective
photo-conductive materials. In this study the efforts were focused on
the investigation of effect of the polymeric charge transfer(CT) complex
in the photoconductivity.

Among the newly synthesized polymers, poly[2,6-(p-phenoxy)-
4-phenylquinoline}(PQ) containing heterocyclic quinoline unit in the main
chain exhibited excellent physical properties. PQ was soluble in some
organic solvents, for example chloroform, hence a fine film could be
prepared by the solution casting or spin coating method. PQ was
thermally stable up to 550°C both in air and nitrogen atmosphere. Also,
we have found that PQ, which is a good insulator by itself, could show

photo-conductivity when doped with electron acceptor, 2,4,7-
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trinitrofluorenone(TNF). For these reasons we investigated intensively
the formation characteristics and photoelectrical properties of the CT
complex based on this polymer.

UV spectroscopy revealed that PQ formed CT complex with electron
acceptors such as 1odine, TNF, and 2,3-dichloro-5,6-dicyanobenzo-
quinone (DDQ). Their characteristic CT bands could be identified and
also used for the estimation of. the composition of some complexes. By
continuous variation method, PQ-Iz and PQ-TNF complexes were
estimated to have the composition of about 1:1 and 3:1 , respectively.

The CT band, arising from the charge transfer transition of
electrons from the HOMO of donors (PQ) to the LUMO of the
acceptors, 1s generally considered to be the potential source of
photo-conductivity. Among the complexes tested, PQ-TNF complex film
showed distinct photo-conductivity.  Comparing the dark- and photo-
conductivity, we could conclude that 35-45 wt.26 of TNF was the most
eftective doping level, which could be explained in terms of the
composition of the complex. In case of the sample prepared by this
mixture composition, photo- to dark- conductivity ratio was 80 at the
field of 10° V/cm.

In addition, PQ-TNF double layered sample showed the photo-voltaic

effect. The open circuit voltage was about 0.7 V, and the conversion
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efficiency was about 10-2 25. Also the time-of-flight technique was

used to evaluate the photo-conductive properties of PQ.
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442 (CTL:Carrier Transport Layer)?] AZYH WU IFA} iU
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PVCz/TNF&} 22 42T SY A&y AFY g ExF4ty e 23
E, Jge OPC 2|8 & HH|E{7la Ql&dl, o]lF OPC Es 2T
HI % Al A& HA A8 Z3A A3 MAdste|etn o&H
=3
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HF 2. A3t o3 electrophotographic system

2| = ¥ AL CTL CGL

— Pl ‘— e y— A ——— N —— - _— rE—— —— ———

[ BM
Mita Ind. Co. O@ CT-Complex
N0

Et_ WN:
N Et
[ BM £1”

_ et ® &t
K NCOrarOrn

| Et N Et
Kalle OO
Et Et

Mitsubishi (ZENO m"',"@

Chemn. Et CHs

Ricco @
Et
i
" |
Matushita +(|:H'CH29'
Electric Co. @E@ | a'Se, SE“Te
_ R N ‘ |
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(2) ZRIE-§& A

AHREY B3 g7 ZUE Y Pibo] d¥¢ HEE FHsto e
2o RO A}REo]L dot-matrix® line printero] H]3] speed
2} quality?] WHolA Hul3joz F43¢ A=A WAL folA () =Y
Bl 2] Al&o] ¥F Zi&HED dct. F3I], M7F dtxA deolx (LD)E
ALg dlolA Zeel B9 I uzlzbato] 780-830 nmo] 23 e Aol
22 o] FFHAMY ZAETt 4% 0PCo Atgol FI7|A AFA L] ALE
o vl3} Kelsttt. 2 o] YA shutter(LCS)3 A3 e], He-Cd o] }

He-Ne #lo]x Z3E|ofj2] OPCAIE= Fx F718i7ta gict

(3) AHANE 2

AA 2t F82] TG 3] HAALR LAY YA QI de
AREE D gleh, AAdHfols YUHOT 7n0 Yol ALHDL Yo}
de 28t g0l njEd Ao OPCE TXY Axfzto] Ro|z
olth. OPCIRrE Tlotz ZRME o] &Y PSTrol uls) ZE7t of A )
A5 87 UEo] Fouo] ¥ UMV sHssith  HIolk FFHY
&Pz} WAL ATe Ry Y MUY 5 A& dolA Ht 4]

2530l OPCT} ARgEo] i 22 AZUM Fol AHEF I glcl.
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A2y A H

A1 3 A2LF AN W AxLy-EA

1. PQ2] F¥ % S48

PQ(II)e 1A% dAXjR A oA ¥yl ule}l o] P205/m-cresol £

o] A] 4-amino-4’ -acetyl-3-benzoyl diphenyl ether( I )&] X}A|ZUNIZ O =T

F sl

(I) (IL)

ol A UYAAH PQ FILIYE 10 %2 triethylamine -3t ethanol
Edol A FAA F, oY hFA Y &uj JIFES ATEE 24X
old &Sgd FE7E A&t AAYL F 80-90ColA HVFAZSAUCE
A PQe] th4 M (inherent viscosity)= 300ColA F 22 XEL £uf
E 31%E W 1.50 dl/ge & &3 Fo] FUEI vy w2 A= YEIW

C}.

T PO UE B E UAIeEA 4 Aol XA BEES ¢3A
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= £q4el7l HIIEE POE Y + U= EWE 2AIR A3}, HE &
7180 Fojry B2 EXE, THF, o-dichlorobenzene, nitrobenzene, pyri-

dine, quinoline, sym-tetrachloroethane 5o| 2% ¥ KIS R A},

2. 7|} A=pFoAA W AxpeEA

13 dEold %Y uieh ol Fa ol2o] RATAME poly[(2-N-
carbazolylethyl )acrylate] (PCzEA), poly[methyl-(9-carbazolyl )propyl-
siloxane] (Si3Cz), H2A}p,LME  poly[2-(3,5-dinitrobenzoyloxy)ethyl
metacrylate] (PDNBM), poly[methyl-(3-(3, 5-dinitrobenzoyloxy)propyl)
siloxane] (Si3DNB) && FU3lgict. o] olo] HX|I4-LERHE TNF, 82
e (I2) W 2,63-dichloro-5,6-dicyanobenzoquinone(DDQ)g§ A}-&3}4C}.
TNF& AldrichAl(B]=, €% 80%) HMEE oM ELAICE AP Y3l ALE-3}
3L, 22=29 DDO= KantorH(YE, €% 99%) W AldrichrH(B]F, &%

98%) AMES IcjE ALg3slct



CHj CHs

| |

Si1— 0 — — S1—0 -
| |

(CH2) 3 (CH2 )3
| n | n

g Q
O CO
No© NO, NO@ NO,
S13C2 Si3DNB
O O
- Ci CN
NO, 0
TNF DDQ

A2 A Astol Sy EFEA

1. Mol Sxtx gl Hal

AAtZ oAt AA-EA B HstolBAA A AR E YA 93
Q¥ Shimadzurte] UV-240 ¥REN712 A M-7hAFA BREH S AL
sttt AlE+= 0.1-1 M 48 2,500-3,000 rpm &% A utef] AzlaE]
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stel WE Wel2, T FREHE Sulo] $E 10°2-10-4 ME Hoi 1 cn
Zolel g0l FUstel 8 HEIE FLAMEYS dch  Asto)
Sxale) 4L AL} ANBAN ARt Ak M2E F4 WE

(AStol EWE)7t Uehbe Hos ¥y 4 At

2. Ao 24 Hal

Axpgga et HapFoAN Alo]e] 2N HPu|E A7) #3lq A5
HERE A&, &, AAes=(AxFAN L} Ax+EA] 522 )
= YHSHAIY Fefol A A=pF ANt AAsEA 2] Ew&(mole fraction)
= HVHAIIPA HstolegWE 8 SHYNA FRESE SIS
of mHolMe FXEE BAHH Holo| gAY wxo vlH3IEE ) &
TEE Hole STS8EFEH ANYEo HAdls HaLFoN e Ax+EA

o] AtiA u|E FBY 4 )

PO-1, 2taje] Z’dw] %ol

PQet 2 2}t FE2EEXEO 2.5 x 10-3 ME o] stock solution
& UEgch. e &9 HIHFE I v &L deldle TSt B
o] HME TIE B e test solutiong upANC] ola} 2z} test
solution?] HNHE(PQ B& + 825 HE)= 2.5 x 10-3 ME A 3}r}.
=¥ M2 F stock solution®] Az 2tzt A3} By (Re=)o|gl

oL F oo EYA Mo HxMoR WHIlE AoT ANPMESE 7HHH
33



SF HJY 4 Udrt.  ¥H H3jo|FUWEALL] 402 nmojlA] Z} test

solution®] FFEE SHIEEA 2AY FAHU|E 7I=¥H + AT

PQ-TNF_ 2N o] z/du] #Ql

PQ2} TNFE 217} 228X 20 5 x 10-3 M2 %o stock solutiong &
HIRE T PQ-129) B9 T2 e AHsidrt. PO-INFY FEE
Pagole] Mo Aol TNF §eie] Ho| LMY w) TYEe ML
25902 Uth} ol§ § Elo| AT slo|5ANE HAVTE 2
¢ 4 gt A zug WA A G4 d4EABYE AHEs)
vl PO-TNF 2te] Wslol SN Z9 TP WE oyl HYelY A
SolSUCE sAn 2 FRA4H vz Hone YUTHYelAuT} 425
nm - 460 nm Alole) B A Tgely BEEl TE FRE AIolg B

FRLEHN O 2gHE 78 + Udrh

A3 d IUH5E 53

1. Al&e A=z

D F+AYGESH AT (Homogeneous CT complex sample)
S4ATS Y Hdlo|F AL HFoe HAFANL L3 Hxl4 LA

SdE HHEY =2 vEE ETUY F olFg TUYLYLZHE HES A
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Zete WY ZOT, ABEMATIL(ITO)o] YH Fel 713 glolA
st FUY YEo] YHHEE &A1 FFY Y55, 2 &
o 2ULKSE A 2AsHE o] Fasith. UNHoT AN YHL
Zojx et S8 Ty Mol WYIE HoTHEY HHYOE HAY 4
ol tt.

2 doldE dF EAuY AztgoiAet AxpSLgMe TYES
£ (BE 2-5 wt. %) 2.5 x 2.5 cm? A7 ARAIEFHo| IYH F

2|2t (ITO glass) $]ofl FHA® St FA 10-20 ume] A|&ZE E 3T

Au(semi-transparent: vacuum deposited)

el

T aifff— Electron dOﬂOf'acceptor mixture
- D ——— ITO(Indium Tin Oxide)

‘l\ Glass (2.5 x 2.5 cm2)

o) BN BuE LAY W £BE AAS] A LUE 2
AR ZUY o] YHHES stdon UES Feist BIojA HF
T 2x( 50-sooc)°lll)~1 VJARY ¥ AFAIFoE ALY 28 1.8 cm?
o] AJ|E MREHIA AFZF2 (5105 torr) PO X, 22} A ERA
& dIoZsh MY RS AYstdrt. oA ARY M=A
Hol NRE &clol= s dol ¥2 HPAAE 2PARAZT 2RO
Cl& tin foil& Zl&Al &zl ITot =4 tape, EC}S ¥ Z2] © A tape
o aHIFAlolE 22 AFstATh o o AFH FeM AjolE AR

© Ag pastex= A2 ¥Z ARl Ag paste} AEF UREE YT
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Eoi7tx UEF stalct

PQ-TNF_Zstol B2t o] FATEY A& A=

PR} LA FEAE](1:0.1~1:1)8] INFE 7 FZTEXFo] &35t 2~

2.5 wt.% FE £U4g UEATH olm AL ARMOTRE AN

O

Bgol 3 A oE FFHOE HIA HH o] £F IT0 glass #o]

£ 2tk o W A WES FUY Hel= L] 918N

i,

T X 5}od
ARE 4BY Yo 32 2 ¢lo] FLHAE HAA @ Tt 3L &
SHEE £33l 3RS 2ASHY LUl Zwo] AN ARPHESF ¥
YEo] A=EH 450Ce] AFA=ZI] Yol A(10-2~10-1torr) LA 3]
AZHES ¥ ¥ o] WE ¢lo] thAl AFE 10-6~10-5torr o4 F(Au)&
NEasA (BEAE @ 30%) AZZHs WD K
AuE Azstdot. the, 102 2 F A2g =
Stod A/ AEEE Systdn o] Y AI L AASHE Py AL
Py HYe ¢goF, IT0 A3oTRE AYe] 20w AANA ZAsiY

c}l.

@ 33 AlFE (double layered sample)
HSY ARE HR2RY HAPde T E3o] AFHAgAMT H&E3[od CT

complexs B/G5IA Jtojof 3122 ZjZte] &AE He |2 EE HME A
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2] ZAo] EE AL swellingHA Ut &AE 2L A3t of 3L
EF 2A2] e} FUSES 2 g AXY u FEHSIA ¥
43 BEi7l HAUESE F5 7 E4Arl

Al
/ Electron acceptor layer(N)
Electron donor layer(P)

I: I I t Au( semi-transparent)
Glass(2.5 x 2.5 cm?)

Aug RHEESIA IR [elstelo] 3728 electron donor compound?]
€N& o= spin coaterp]o A &Ko T HAAY thE AR g2
a9 8 A 3F}A 3} electron donor compoundZ} B3E]X] ¢= LMo
electron acceptor compound?] £ 1 9o Hol® & spin coater® 11
SHAAZI F tir] ERAA 2 Y FLEH ARE HZSSUCE o] ¢
o] Al& I FFA3 FFE FESAT ¥, dHLSE AR B2 WY
2 =& dA%H SF L2 ARE MASIACE

PO-TNFS] Al Mslo] Sy Wado] oyt HaY A Az

w2l floll F& UFYSA AFF AU chF o [elxt ¢ PQY
SEEXF BY(FXE 3~5%)F LAUUAYF TS 45°C FFL] X0 3
FAR3 0.5~1ume] FAE Ze HEE 42t R o] E ¢
TNF2] MEK(methyl ethyl ketone)® (%X 2~2.5 wt. %) 2&H0 2 A3l

A3t TNF] ¢F2 o] BEEHESF 3laL o|&F AFAR stdrt. 7]
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GFolEg AEZHAA Y24 A2§ A2sidrt. FFAllE 2 23

2% ¥ SH3I%Ah

o
s
A
.
1
i)
o
X
44
o
dlo
lo
!
2

2. FATAF &3

SEY 4 FAELEZ 2 SHE AR ARY JFIEEY YAE
& S vaYoTH HAY £ ot AR5 FAEERY ¢gHFEEE
AR HF Qo] FFHY (n]F KeithleyAl®] 247 High Voltage
Supply)& A AdelollAe FHAAAe] BHE electrometer (F Ale] 617
Programmable Electrometer, Input impedance > 1014Q)E¥ &A3}4 ).
Figure 20]] HES2Y A& & A FE2EZE P& A3t

FAEE SHPA| L2 AUz 2 (4 0.06nW/cn?) 2] FHFL ©]
3L, IPE FUEEE 400 4E A= PX(0]F Oriel A}S] 66084 3
YA} 6260 [Z)ofM 2 WE T3 (F AR 77250 w3} x| ¢}
77298 ¥ E A =})¥to ZALSi & 34Tt

3. B7188Y &7

S TA(Y 1 um)E AR H{S3Y AR vz HAEE A9
ZZ 2 slolA -3V - 3 Ve 2 2ARAGY HeoM HF HIHE R4}
3toq  HME B AHF(short circuit current:lsc)@} 753 2 A ot (open

circuit voltage:Voc )& S A }4c}.
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Tl

Polymer

Figure 2. Schematic representation of the conductivity measurement

with the sandwich-type cell.

4. Time of Flight(TOF) &3

IT0 4ol castingstel AZY FAVSY AEE TOF 232 shaict
S HE2 High Voltage Supply(n|= Keithley A}&] 247 H.V.. Suply)E
100Ve] ZFHUS 2 Aeloy FYoe=E ALL{E  Populari}e] 260TC
Camera Flash® 20 pusec?] durationg 2= HHEAE ZAIRF ¥ current

profiled 100MHz digitizing oscilloscope (u]=* Hewlett PackardA} R

54501A) 2 & A5ttt Figure 3o TOF ¥ AVAXNEE By
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58 polymer

Au

@

B (3) (5)

B & e o R

el T A"

Figure 3. Schematic representation of time-of-flight technique : (1)
Xe flash, (2) voltage source, (3) digital storage
oscilloscope, (4) CRT, (5) CPU, (6) LP.
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A3 A} =®n O ILH
1 3 #$EE f7 LE2AANRY 54 B

12} U2 BIAMAAME gifiko] & AFoA H3lo|s2A] (charge
transfer complex)E BVAA|F|IZA} AEE AXIZ AN 8 HXIT-EMES

E 33} gom, olF 2y FEE SN Asto]TN=F Rach

3 ¥AS4S AE AxToANY HxLLAY 2Y

A2 FoA9A A2 &2

PQ -
!: PCzEA — complex —[ PDNBM J
Sig3-Cz — Si3-DNBM

JEY AAE FAEY FPS AW SN NBAZ FAHo] QofA

olE ZUL W 47 EAHL vatu, 2 Y& ofzlel P}

PDNBM 2t o] A9

O PQ W PCzEA : HxppENet HRIFAN Z12tg &AL £ &= F
&2 BT FEe] T&A 92 FoAA A EYA TEIX] ALY

41



P71 AAEel7t dojuten, sHAR 3= BHEY FHE T d

= B8AZE + sk

maft

@ SisCz : THFE |UlE 3lof a3 I Hefd] HEE €& + AU

gloem, ol2HE WEHAY AEFE AHZYE + AAr]

SigDNB 22jj2] ¢
Al T AxFASE EF AR 3t LSHET oAU, F

dol 23] SUjE EF AAY Folx §Hs ZojxA yYston UBAZ
N ASols WES eyt HEPATh P9y ARAIY AFZAA
Fol WEUYE VT WY AIE WY 4+ Ak olAW B
Yol A W=eAYeY ABAZI Brhssin T2 wye] st FAE

‘& HAJoqof ¥ Ao|r}

INE 2t¥je] A ¢

O PQ 3%l PCzEA : EEE2XH W 1,1,2,2-tetrachloroethaneg 2z} £uj
E AHESle] ITO ¢jo] F3A 9l FPye ¢ YFL 2o, oJEL
ALY BAEY SBE A8 =AY ARE ARYE + gtk

@ SisCz : ZEEXES Sul8 LYl FTF Aef] WES €4
o, H5Y UBEI W3l Ag pasteo] &3] nf-$ A VFEE o M=
® AEAHZEIL ol ol FHL FF AFAIFo| WA g I
Eu WH-& o] &% Xerographic discharge Wy & Al&31o] B rislodo} 3}
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o] oA F ¥t uiel o] Az}FAN et AAFEA L 2Y F NLED
o] 2]3t M= x8 A|BAZ7} 753 AL PDNBM-SisCz, PQ-TNF, PCzEA
-INF & 3 7/ #olgict. I8y sla8e ¥ YEPE2 et T
45 5 A 2o FASHEE U] REL 27& sty Ha5E ¥
A7 AV AR A To] 1 9% Xerographic Discharge § TS Woj 2]
3 FAEHL FUISlodol @ ek, ¥H ¢ 3 A 2Y F
PDNBM-Si3Cz W PCzEA-TNF A= FRAjo] &3] Axx7t AL WA @
otom, PQ-TNF 2tA|glto] FRE FAE VYL HArt. weiy & A9

2 A} A oA = PQ-TNF A|A¥ o cfd} HEFEHLE I H3}HC].

A 28 Peel EelH §4 79

1. 2l =dA =3 o AR

QaA7kA 7R 2 U DEAA BAEY BUL PVCz} TNFete] A
stol 5 22l Wgolm, E 2014 &4 AKo| PVCz ol 2ol B FF #7)
BBl Astol AN YeiZ FAEHE Uehdo] oln] Ax¥ A7
BHASA AR ATH I oY BAEME o & HAAAY TR

Y B ALA-TIA B R RA} 1HUYL R E o] Y
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o]BZ ojof iyt YT ZFAY Ao A JEHA 7=
o, wiely IUEE FHEZATY HR/o] UAFHIT At

o7 JYEE LEAE thRE HEHE ndAE T U
BE H4Y F2E Rt AR o]d F2 EF tfFEo] 7HFol
Hil B R7]&ujol S840l A AHA AHEIIA I Hong, FXLZUY
of AT AN E =AUt AL E 4T HAsidelxs HFE W
EMESE wolele Al=E7 ASEL Qrh

FHo] =IH & EZUSIe WBEF AvAd A=Y 19704
2 J. K. Stilleo]] &3l EXIeO T AREQOoW O B3R} B4
I WY E BOE o|FojA glo] FAEAY IUEEE UElde ez 3
2M de oA drk. 2271A] MRE A F/HY ENHEUES F
=Y Aol AATS L] AU ulel ZAHY Ee EFAHHPLE A
LidojXich ZRAFEe FeHEIS 3 €3 Aol it fsiA
€A 71880l 2| F3] sl s1Fol oy go] wlEE A x|d ubdH,
TBAHY Y E2F L2 BB EHEUol viz] 43P Ao tix
ojx| L} SR2EXE E& FHUE T4 22 K78 ois] &3PS A
LSl gl 7hgol &ddtie ol & Adrh. & dAFdAHE 38% 1&EA
HeA, 53 I T2 AFAY el BHE 2 Rujrt_Ad
Ee|H=UA FUYITEXYU POE MBo] Y43l 2 F2 1 BHE &3
¢ 23 FeY UdEd S gdtdet, metd ol EHEU o YH
HzE FAEE AEEs 52 dHLREEE AUE FAAN H £+ Ar)
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¥ 4ol £ AN ¥EF E43 RAIY FRE e EH=ET
A L&) ¥ X F7iA Y Fo AFA}E YISt A7\ HUH
T+ ARl FHY Eeldeddd FAREE FAst= Pl izl = o3
H3¥ vzl glon wix] HapgoiNe =Hgo 3 VEHE& FAst= 0
Mol HE o] & ®o|r}. (Macromolecules 19873 #|20HW 258-264H )
o] oM FAMBY e AL EAE AHESIH HAFT AN
Ql A U] &L} &} glo] & (Na-naphthalide) F= ATU]|ROLE glAlol &
(Na-anthracide) S22 TH X2 YOTH 10 S/cm X HAEAo] ¥
A 4 Qlddth IEu oY He AEHS VI T BUYIA
=7l BFE F tir]Fed &€ F¢ 2 AxES FH3] A
of d83o|x] X¥ Ent oluzt AN Az WY X UWFAHelY FelH
EUE FXTELESLE ARl 2 AxpFAAU Ly eiole &
I FZ EUBY EHE Aeldloof R HAFHo|x RY Aoz A7
gl & dFdAs oA Q3T siel Zo] Peoll ¥ F-RAxpHo] o] A
AHZAME EY 4 odZol FHI HXSLEAA 2,4, 7-trinitro-
fluorenone(TNF) 2} H3lojF A& WA ZLH, o] H9 FRY A=A

= WA LE HU3adrl

2. PQ o &3 W UL
A A M wig} o] PO $4Y Z2F AL At F oy

FZ(I)2 %5 &y 4 %o Fage] QW o= 12)¢ FAA



¥ 4, EHEUA 2SR} Y F2 A&

d

19763

1979°d

|IIIII"II|II||III\

19813

1982

19834

1984

1985

Ax} gl AR A ¥ g

J.K. Stille Thermal and mechanical properties of PQ
Macromolecules

J.K. Stille PQ containing biphenylene unit, and their
Pure Appl. Chenm, crosslinking to increase processibility

H.J. Duessel
Acta Polym.

Structure analysis using IR & pyrolysis
FI-MS

J.K. Stille
Macromolecules

Synthesis and property investigation of
PQ s

J.K. Stille

MS investigation of the mechanism of

H.J. Duessel thermal degradation

J.Anal. Appl. Pyr.

Y.S. Papir Doping of PQ’s to increase electrical
FR patent conductivity

J.K. Stille Doping of PQ’s to increase conductivity
Macromolecules

Y.S. Papir Electroactive PQ-based battery

WO patent

Y.S., Papir Doping or electrochemically reducing of
Polym. Prepr. PQ’s to increase conductivity

J.L. Brédus
Solid State
Commum,

Basic study of electrical properties of
PQ’s

Y.S. Papir PQ-doped with Na-naph. gave 0.0254 mm
FR patent thick film & conductivity of 0.22 Q-1CM-1

Y.S. Papir Heterocyclic aromatic ring containg
JP patent electrochromic display devices

J.K. Stille Ion-implantation into PQ to increase
B. Wasserman conductivity
J.Polym, Sci. Let,
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19861 | B. Wasserman Fundamental study of ion-implanted PQ’s

Phys.Rev. B
Y.S. Papir | Na-naphthalide doped PQ’s show good
US patent conductivity |

1987 | J.K. Stille PQ’s doped with Na-naph. or Na-anthra.
Macromolecules show conductivity of ~10 S/cm

R.H. Baughman BF4* or Li*-doped polymer batteries

Synth., Met.
H. Venkatesetty Reversible redox character of PQ’'s is
US patent used as a electrode materials

19883 | H. Yoshida PQ’s are synthesized and heated to form

N. Uotani electro-conductive polymer.
JP patent

K. Kaeriyama PQ is used as anode material.
JP patent

* PQ means polyquinoline,.

o] vad 2 FUE(HS$EAE 1.50 dl/g)F Ao E3ta HE
7180l E22XE, HESNEZRINTHF), HEH}ZE20E S
Fo EMEE Zerh Py Poe IVEE S Ze YUK IEAE A
23 EHEUAEER 7Yy t2 43] 82 XIEEN2EE B
2t  DSC2} TGAE AME3lH (524X 10C/min) P 3 BHHZ AlpE
A7 239 HelUolLEE 235, 40Co|nl, BFURL 400°C71] PAE X
WoITHFigure 4). ER 24 Hol 3t IR 2EE Y 23, A
w70l 551. 7CHE, F71EH7I = 548.5CHE EE3)71 A7

He AL2E yeidch ojdolA PoE: EE /7] &ulo] tiyt &A=It F
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Figure 4, TCA thermogram of PQ with a heating rate of 10°C,
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o} FjARolY ANAY] 3 UEL 4A AZY + Y& F F2Y 7|
24 & AN UGHE Holuh BAEAAE AL strle] F& Beld 43

= 73S o + 2t}

3. PQY AJ|AHEA

Figure 5& PQE TR 2 FHAE 3t AL A=A Alge] AT
& HEAIEA SARYUES FEY ZHIoln, olEFH PQ ApA 2
(SHAETE 10-15-10-16 S.cm 1 0.8 A4tEo] 182 B/ 2 HAA
& Bgct. ole ALFH FATAHY o] ¥y Zolrh, ©H A
ZEZAe] WA BT ZALA( 0.06 nW/em?2) 2] WHETL AL
SEA| ke, 400V A= ¥z Y WMFF (of 2.5 nW/cm? )& ZA}MS}
A& Wl BEEXTL 2v) I SIS ol AU ENREH PQ XA 2] %
A=A oS o3t A ¢ 4 dden, Brl 2 AP UE S

H3lM = HMBPE T WU T N €asich

A 3 E PQel Hxl4-g&A 7He] EHANYA
1. PQ2] 2N VE%
Qofl A XA ¥ ule}l o] PQY HFHATAHL UHES A= HAY

HE T 71l Hasich, ditxoes FATFY U 9 71A w7}
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10
Au//PQ film//ITO
TN
o
-
~
< 107 "°
=
v
C
O
-
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O
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-
@
10" '4 b+ R et e = S R

10 10>
Flectric field (V/cm)

Figure 5 Dark current-voltage characteristics of K film,

(thickness=24, 6ym)
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Y&l o3 75, E dFoldE Post AAFAMSA Axp4gH 2
Astol FANE BAY 4 ol FEsAch Yo AALEAY
FAME EUBoIN AstS AN Yy Azl 2HUEY LA Al

=i} g Hel Lels Asjolui= g ey 4 =4, o]y

H
Mo

¢ WSl FAANY ¥HES FAENE Y 4 A& Yo AFHM,
3 HAIES QM HEoIM 4P uie} gk

B d7eldE AgH-7HIFN FFLYELE Foto Pt 22E
TN, @ DDQ 5 Ha4gAe HslolFAE WHUL ¢ 4 Ach

ol 2 PQe} DDQete] AMBtolEZWMETL Figure 6o LVERY Qltt. 2 @ofA PQ

0.4
CONC. 5x10°3m
@
O
c
)
0
.
o 0.2
7
0
< .
\-.
\Il
\ ™~ | |
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Figure 11, Photo- and dark-conductivity of PQ-TNF complex (1:0.4 wt%).
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Figure 13. Spectral dependence of photocurrent in PQ-TNF complex
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Figure 16, Photovoltaic property of PO-TNF double layered sample.
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