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Fig. 1-1. Configuration of single-
layer photoreceptor (upper)
and dual-layered photore-
ceptor (lower) .
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Fig. 1-2. Schematic illustration of
B. BT ERABLE an optoelectronic device

BTFEERRBCEOBEIL. B RAHPR driven by applied voltage.
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b, dRBREBOBEEYF T, i Fig. 1-3. Schematic illustration of a pho-
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Ve N * charge in an eletrophtographic pro-
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cess.
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—fic. BEEEMEHC RT3 ARERBRIBEF THD. ZOILIE B
BERE LV bFHRTFOSTVEMBRIEZETH D Z LICERT 5. AHHEHC
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(first excited singlet state : S, ) & 5V MIBAREIE =EIH (lowest triplet state : T, ) K
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Table 1-1. Photocarrier generation mechanisms in organics.

YeFxx V) THER
Model - REHGFTEE
T IR—IXTER| 7V —F% V T~OMRERE
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BRI IVE—T g | 7N TV r VRO |N7h7)?
ZEEL, REEEE %8R 2 TR
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Onsager S" b DEEEEER| ¢ =95 f (5 6, F)g(r, Ot {PVK P
BIIBARE TR, TER(. PVK-TNF 2
Knights-Davis @ 1, 2% |##iX Bessel BT EHZ 5 | N7=2073 ’”
Gidi Ry s,
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conversion | CBEES TR CHREET | | BERE RIIH ER T | TiOPc )
3, 1, HOGaPc *¥
Sensitized | ~TF R FREIOBTH| (Onsager® 7 NVEEA T | FAOPC
carrier Bl 5005 5D) NVYRAT ) - N
generation Jys
RETE SchottkyFREE BERCIAEXY ) TER Alfpeyy=y ®
AVUx-H,Pc
INV: 32 N
2o BAT Ak Al/H2Pc/CTL *?
5 F L~ | ExtrinsicfY T & O HOBBH SR HER % 5 PO, ™
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WHEHL LTHEB LY 2 IX— b - X7 2L A8 A ALEBRTHY | BIET
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Excess Energy

Diffusion Length

: KE.= (hv—
L= (D'to)”2

AE) +e*/ kT

Thermalization Time : ¢, = K.E. / hv,?

(1.7.a)
(1.7.b)
(170
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nTwnWa M,

(b) Onsager Model *®

HEEERTELZY = IR—F T (B r) B 7 —n 3l hiexL, 7
SYLVEB EARBRIZESSANTE TV — ¥ U T2ERTIRELE
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nTna ¥,

B. Efnghk 72
(a) CT-complex % H DFFRE
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Exciplex (RFE53 7 H O RhESSHE) DR ORF = RN F— L BB = XNV X — 28
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F

C. Al >\‘< d —>
(a) Internal conversion model W odF

Popovic & Menzel® 1X, 7 % E

BT = VEBREEROK y

ERMBIOXY ) TEREE
EHEZBRBROICKATE L,

Fig. 1-4. Electric-field-dependent charge transfer

with a change of activation energy.



k (F) =k, - exp (edF./ k,T) | (1.8)

ROBIITIT - E Y LTOWROVE, By FRBERdZ T A—F—L LTV
%5 R Fig. 1-4 IZRTETAD LHEULTEY . BT (S, orT,) BERTE-
THDOLNRT v 7 VIR 2R X TR CRMICHERET 28R 255
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(b) Sensitized carrier generation model **
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Fig. 2-1. Schematic diagram of experimental apparatus for spectral sensitivity
measurement.
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Fig. 2-3. Spectral sensitivity (S,,) of the layered photoreceptor and absorption spec-
trum of the Azo-FO-based CGL. Illumination through the CTL (O) , and the
semitransparent electrode (A) . The CTL thickness was 17.4 um and the CGL
thickness was 0.17 um.
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Fig. 2-4. The electric field dependence of the quantum efficiencies. For layered photo-
receptor, CTL thicknesses were 9.6 um (O) ,203um (A) ,342um (),
illumination intensity was 5.8 x 10*° photons s™ m™. For single CGL, thicknesses
were 0.27 um (O) ,0.15 um (V) , intensity was 8.3 x 10" photons s'm>.
Only filled square (M) was obtained by positive exposure at 027 um CGL.
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Fig. 2-5. The electric field dependence of the quantum efficiency at the layered
photoreceptor. Illumination intensities were 1.37 x 10° (O) , 8.20x 10"
(D), 5.07x10° (O) , 3.04x 10° (@) , 1.83x 10° (A) , 1.09x 10
(M) photons s’ m?, respectively. CTL's thickness was 20.3 um. Inset shows
neutralizing rate for surface charges N versus illuminating rate of incident pho-
tons J at electric fields of 2x 10’ () and4x 10° () Vm'.
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Fig. 2-6.Illumination wavelength dependence of the quantum efficiency at the Azo-
FO-based layered photoreceptor. The CTL thickness was 20.3 pm, the CGL
thickness was 0.3 um, and illumination intensity was 3.1 x 10" photons s™ m>.
Electric field was at 2x 10’ Vm™. ‘
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Fig. 2-7. Schematic representation of the photocarrier generation including the
hole injection in the layered photoreceptor.
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Fig. 2-8. Spectral sensitivity (S,,) of the layered photoreceptor and absorption
spectrum of the Azo-TPA-based CGL. Illumination through the CTL (O) ,
and the semitransparent electrode (A) . The CTL thickness was 18.5 pm
and the CGL thickness was 0.33 um.
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Fig. 2-9. Absorbance of the Azo-TPA-based CGL at 700 nm versus the CGL thickness.
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Fig. 2-10. The electric field dependence of the quantum efficiencies. For layered
photoreceptor, CGL thickness was 0.24 um, CTL thicknesses were 7.7 pm
(©O),155um (D) ,25.7um () and 37.3 um (O) , and illumination
intensity was 7.1 x 10" photons s m”. For single CGL, thicknesses were 0.32
um (V,V¥) and 053 um (M) , and intensity was 3.8 x 10" photons s™ m?>.
Filled symbols indicate results obtained by positive exposure.

10° - ,
>
5 o
2 e
= d,c>A"°’0A
et e .
£ <>E§’AO
3 L3
5 °*
8 : % o O
10’ i 1
10° 10° 107
Electric Field / V-m'

108

Fig. 2-11. The electric field dependence of the quantum efficiencies at the layered

photoreceptors. CTL thicknesses were about 21 tm and CGL thicknesses were
0.08um (O) ,0.15um (A) ,024um () and 0.35pm (O) , and illumi-
nation intensity was 1.1 x 10' photons s'm?”.
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Fig. 2-12. CTL composition dependence of the quantum efficiency at the layered photo-
receptor. CTM contents in the CTL were 90.9 V) , 800 (O) ,615 () ,412
(A) and23.1 () wt. %. CGL thickness was 0.12 pm, CTL thicknesses were about
22 pm, and illumination intensity was 1.0 x 10' photons s’ m®.
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Fig. 2-13. Quantum efficiency dependence on the intermolecular distance of the CTMs in
the CTL. Electric fields were at 2x 107 (O) , 7x 10° (&) ,5x10° () ,2x 10°
() and1x 10° (V) V m’. The incline of dashed lines indicates that quantum effi-
ciency is controlled by carrier transport process adjacent to the CGL/CTL interface.
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Fig. 2-14. The electric field dependence of the quantum efficiency at the layered
photoreceptor. Illumination intensities were 3.42 x 10" (O) , 1.61 x 10"
(D) ,804x10° (O) ,362x10° (@) ,1.81x10" (A) and 8.84x 10"
(M) photons s m”. The CTL thickness was 19.5 um and the CGL thickness
was 0.12 pm. Inset shows the neutralizing rate for surface charges N versus
illuminating rate of incident photons J at electric fields of 2 x 10" () and 4
x10° (@) Vm™.

-31-



RNV EEBEFHERICE > THIEBIZH ZBEINDZ EE2RRLTEY ., ERLE
CGL /' CTLRAETOX X+ U 7T RAE LM XFT 5,

E. ¥ U TRAEBRBOHE

ULEDBRLY HFRNE X ) TRETHOYA FPTRETHWDZ LBy

- MY CGLANVZ THRFRIUT XY Ak L72BiEFiX. CGL / CTL Sl ~JE8k

L, ZZT7)— - Xx VT ICEBET A LE X DN D, Fig.2-15 1%, BAEE%

Bzl &, BERIEEORTHELZ T, BEFHRIL, BREENEDLST

b—ETH D, Tk, HFv U TREN, KEUZE VAT CGM DEVE

BREIBMEINTELE—EDZRAF—RENPLELTVWEZ EZRTHOD
TH B,

CGL BB DRI A N7 MV EBRIE L, Fig. 2-8 I RENB CTLEA LTz
CGLOEN L B LT, ZRII2ABD ORI o, 2DODRIPART b
D—BIL, EERBTCGM & CTM BPHEEEREZFLLRVWI L ZRL TS,
CGM L CTM D IPEZJE LI ZAH, 4 547¢eV, 539eV Thole, IPLE
THE (BA) Oz, BRILFHRAE 5. CGM T 153 eV, CTM T 290
eV Thol, TNOHDEERAWT, AEBOPCONXF ¥ ) T RAEEZZ R NVF — -

[«

o

Quantum Efficiency
8_1.

b

ol 1

400 500 600 700 800
Wavelength / nm

o

Fig.2-15. Illumination wavelength dependence of the quantum efficiency at the lay-
ered photoreceptor. The CTL thickness was 19.5 um, the CGL thickness was
0.12 pm, and illumination intensity was 1.8 x 10" photons s m’. Electric fields

were at3x 10’ (O) and 8 x 10° (A) Vm™.
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Fig. 2-16. Schematic representation of the photocarrier generation in the layered pho-
toreceptor. Photon absorption and carrier generation occur at different sites, while
carrier generation and carrier injection occur at the same time.
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Fig. 2-17. The electric field dependence
of the quantum efficiencies for the
layered photoreceptors (@) and the
single CGLs of negative (A) and
positive (H) exposure.

(a) Azo-AQ-based layered
photoreceptor : CGL thickness was
0.15 pm, CTL thickness was 21.1
pm, and illumination intensity at 520
nm was 5.2 x 10" photons s™ m™.
No PID was detected for the single
CGL (0.21 pm) .

(b) Azo-DSB-based layered
photoreceptor : CGL thickness was
0.35 pm, CTL thickness was 20.4
um, and illumination intensity at 560
nm was 7.9 x 10" photons s” m™.
For single CGL, thickness was 0.35
um, and intensity was 1.1 x 10 pho-
tons s’ m”.

(c) x-H,Pc-based layered
photoreceptor : CGL thickness was
0.31 um, CTL thickness was 20.7
lm, and illumination intensity at 780
nm was 1.6 x 10" photons s™ m™.
For single CGL, thickness was 0.27
m, and intensity was 3.1 x 10" pho-
tons s m>.
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Fig. 2-18. Illumination wavelength dependence of the quantum efficiency at the
Azo-based layered photoreceptors and absorption spectra of the CGLs. Elec-

tric field was at 2 x 10’ V.m™.

(a) Azo-AQ : The CTL thickness was 20.5 um, the CGL thickness was 0. 19
um, and illumination intensity was 3.1 x 10" photons s™ m>.

(b) Azo-DSB : The CTL thickness was 24.4 um, the CGL thickness was
0.19 um, and illumination intensity was 2.7 x 10" photons s m?>.
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Fig. 2-19. Schematic representation of the photoinduced discharge via extrinsic
photocarrier generation at the CGL/CTL interface.
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7 VBB E CGLICAWEBEEBRBEED XX ¥ Y 7iX. CGL ./ CTL il TXi6
HCGM L EERBOCIMRBIDEFBEIC LV RETHIZ LAHALNCRY, Z
DORBERISORIGEIIFEFThD EE2 b, BRERBRIN (EA) A7 b
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ABIEN LB L NZRoTVWE 7FZ a7 =220 T EAARRY MLVEIE
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CGMBXUICTMIZ, F2ETHWEZ b DEEMA L7 (Table2-1238), 7
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Fig. 3-1-1. Schematic diagram of experimental apparatus for electroabsorption
measurement.
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EARRZ MR\ UTO RS ICLTRE LT, 150W by 507 La%k
#(=ay;PB0E/7uRr—F—) IVBONEHEE LRV RS oF -
BNVCRHEL, YNV EBB LI pinSi 74 b - FA A —F BRF =
7R 83072) L2774+ —H AT B, EADEBIC, 1 kHz DEFRERREE2H
ML, ZORWEEZ Y - v« T 7 (NFEE; LIS75) iu vy 7 &h3,
BANEBRALT 4 b FAF— FITER UENITXER EEERT V7 TEEIC
FHL., —OREREEFCCERLBRE IZHEL, §—2ueyy - L -
T AT LEMBEIC T 2B &\ RT Al 2 ET 5, 22T, AL/
I LBREDEIL AA & ORITIX

Al I=— AA (3.1.1)

DR H B2,

7Y BEREDORIXARY MVIL, ITO L7 VEREZR T I, Y
77 LV RELTITO Z AV, srERERT (BEBUERT; UV-3100) iZTHIEL
7o BTFZHHRAERDOFER OPC B X NCGL B IXE 2 ETR A= HEE L FRIZ
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H—FR— P& 9:10wt. L TELTHFER LYV 7L —F - a— MU THER L,
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3-1-3.HREEER
A. BRTRRI (EA) A7 bV

Fig. 3-1-2 IZ, BFERDBUIRD EARXAXRY MV % £2 DRINART pAB LT
FO—RWRW LK AR b e & HITRT, Fig.3.1-2 (a) i1, xBIES
B7Zuav 7= (x-HPc) DRERREZRT. 1.77eV (700 nm) &V {ETRV
F—FEIK T EA AT FViX, ZIRBGBRINA 7 bV ERLSEEILTHWS, &
DIZZD EARNY MITEERFER T, BIZREIhTWETF—FY L—HL
T3, TOZEhb, x-HPc #2020 CT-nature B /S K (1.91, 1.61 eV)
EROZEIPERTE D,

Fig. 3-1-2 (b) X, [E#RIT Azo-TPA DFEREZTRT, 1.94eV L VK- X AF—H
B TEA AT MVIE, ZIRBGTBRINA R 7 b E RS AL TE Y Azo-TPA D
BE . x-HPc DFE & FRIC CT-nature BT (1.85,1.64eV) ZHRT DL EX
b b, Fig.3-1-2 (c) IZiX. Azo-DSB DFER%EZTRT, EA A7 MIZISEHE
BRI TR BRIRANRZ dE R —ELTEY ., BiZ3F & RHRIZCT-nature
hEF (2.28,1.84eV) EERT DI LBHLNTH D,

WIT Azo-FO D#ER % | Fig.3-1-2 (d) 1ZFRY, EA A7 ML RERT
— R BINA 7 b ERLS =B LTW3B, & o T, Azo-FO DILEIEREEIX 7
VUTVRFTH D Z NGB, Fig 3-1-2 () IZiX. RERIC Azo-AQ DFER
7Y, Azo-FODHE L& ARICT VU r VBB TFEBRT 2 B3 8h 5,

UED LS, WTFhbBRBREL T RBRCHAT VERThoTH, 0
FhiEFIRERIX 7 L Z VDT & CT-nature BiE ¥ & 0 2FEBREET B LN
HALMziRo Tz,

B. Xerographic 7%

Fig. 3-1-3 12, FHEBEREAEB LV CCGLEBOETFHREZ LB L TFRT, CGL
HEORTHRIBERBRBREKOZN LIRS L TYEBEEAVWREAIZAREL
HbETCTLIZ K> THRBREINTEBY . CGM/ CTMRBITH XY VY TRETHZ &
BG3Id, —J. x-HPcliZOWTiX, CTLIZ K 3BIIBH O T, CGLEHKT
xF¥ VTRELTWVWDZ EBDH 5,

Fie, TYEROFTH, BETOX XY Y TRADRICENRH S Z & Fig.
3-13 () - ) LVALNTHB, 7V IR FEERT 5 Azo-FO & Azo-
AQIX. BOBOHMTIZTLAEF X Y THRATERVE, ZHIZT7 L 7Rt
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3—2. BEFDIEK

3-2-1.#E
BREXAOBBEORBUCKE LTI, EFNFEER (CGL) » b EBMEERE
(CTL) ~DXF ¥ )V 7T DEAERBER L W O BB L oo T& 7, ZOX¥ V7
BEAEWIBRIL, CGLBBMTHF vV TERAETE D L BFHRITR B,
BIETHLMNI SN L DICT VER%Z CGM & L THWBEERBILAD X v Y
THREIX, CGL/CTLRAETETZZ b, ¥V TEAREEZ bETe,
CORBEICBITANEFY U TORAER Fig. 3-2-1 ZHOWTHAT S L. KO X
512785, TR OPCITERH 21T 5 &\ CGLAV T TRBRIL ENEHET (G,™)
DBAERY D, —RICEIEFIIFERT D (energy migrate) ¥ 25, G * IXCGL /v
755 CGL,/ CTLREIZH L, TZ CEFBEBRGICLV Xy ) 7E2RAE
5, ERLIEZ7 ) — - ¥ YT, SMBERICZ-TBE L, BRIz
HEINREEMEPT 5,
—fRIZ, BEFOSIER T E DI, ARMERER T R4 500 ABRTHY 2,
LB RERAE IR e LIS 7 3 A 53
BV 1360 ~200 ARRE L #ESh
TW3, FERLE D CGLER 11E
¥01~03 p mBECHEHINE hv T
B, CGL/\V 7 124 Uk phig T3 CGL
REOEREZBE L TR LTEDR

CTL
1“+
TCGL/ CTL S HEICEETE 5L G')e'
WO RRRIBAET D, L LOHEIIRD & ;
CGL G,

DX, CGLIZE ik Z AV T bR
RIICREW S ) TRADRIIEDZ S
CRVH, REZETFHRBHE T 05
ULDBRBRR/LATVS,

FHETIX. CGL./ CTL RETHEV
¥k v ) TREHNEREZTRT Azo-FO %
CGL IZAWARJE OPC & Hlic L Y ganic photoreceptor. G and T respec-
EIREOER & U TR FIEBuRE tively denote CGM and CTM mol-
YERT 5, ecules.

Fig. 3-2-1. Schematic of extrinsic
photocarrier generation in layered or-
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3-2-2 . BAE
A. RN
ANV Z Azo-FO & CTM DLZEEEIXIFE 2 EITR LY THD (Table
2-1BR), BAEOERGEIRIRTEY THD, £T.COM LRI v =17
FIT—N%E10:4wt. L TCELT bS5 Fr 75 (THF) #iEER—LVIY v
ZZ X0 ERILTZ, RRUEIE, AIBBEAR LR Y AT A7 4 VA Eizue—)L
a— METBILEN, EX016 e mDCGLEWMK LTz, TDLEIZ, CIM & E R
T2 )—NWVAZAT - R) I—AF— b (EEEHSTFET71000) 28T THFE
BEz, 7V—FBILLTEXMN22 1 m® CTL 258, BMEBLEE/ER L.

B. #IZE

BEFHROPEIX. DO L an FHELEREEOREEMEZILBHTT
B 3 xerographicis TIT o 7o, BIBERBIZOWTIX. BEICHFRLELEY TH S,
BAEOREBADONIFIL, 580nm D AN (CGL D HARILEE & iX 583 nm)
ZCTLAIL Y BAKICRHE LAIE L., REBMONXBET —F ZAWVTETFS
REREHL,

BAKROMEOBEL, ZRMEFEMSE (TEM, H3Z; H-500H) TiTo7, E
X 1000 A OB OWIER I % Ultramicrotome (LKB-Producter AB ; Ultrotome
8800) ICKVEIVHL, av A /KL BEEI—RVBEATHIS0 Ay a
DEEF v b EIZO®, TEMBEICHE Lz, CGMO o EURRIX, RiH OSSR »
M EIZCGLABRTHRZ T WY | R LZRICTEMBE L, CGLDRINA
X7 M EBKEORBERIEIL, F2ELRICEELZAVWTHIE L,

3-2-3 . #BREER
A. COL DRXWINEMEL ¥ ¥ Y TRAEZR
Fig. 3-2-2 12, CGLERYV V7NV DOEE & 583 nm 2B 2 B RENEDOBEGEE
RY . B FiE, I AR COGL ARz RER T L T/ER L7, Fig. 3-
22070y MIRREZBEDERICED . 3.2.1) X TEZHILD Lambert D¥ER]
29,

A=a *d 3.2.1)
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Fig. 3-2-2. Absorbance of the CGL at 583 nm versus the CGL thickness. Inset

shows an illustration for light absorption that obeys Lambert's law given by
eq. (32.1) .

T, ARERE, o XIEREFRE. JIEEEERT. —RIC. BERSBGRON
bk b UCROBELE B D BAREND 2, Fig.3-2-2 554K CGL MBI B
VTR « AL < HIIRE I Th D | Hxo 2 DRI BE LTI &
HIREDZEBND, fo T, CGLIZBIT BRI LI & E = 35
BFOAERIX. 32.1) RiZZ->TEREFMIZHMEZA L. CGLSVZ TRZ A Z
- LBHALNTH B (Figl-2-2 ODFAKSR), |

Fig.3-2-3 12, T8 OPC B L V' CGL BB D EFR%E CGLIREZITE X TH
ELERREZTRT, BRICZOEREHBT T, REENMDIERFE S emission lim-
ited IZRBZEBFE_ETHPoTVEDT, WTFhOEFHRLF ¥ ) 7RA
PRETFERLTVD, TR ZFEEOPCOX vV TREDNENCGLEEDNZ
N EE> TV BRI, CGL/V 7 TAER L B 733 CGL,/ CTLR ET* %
YT EAERTBZLERLTVS, ki, BB OPCORETEHEM, COLBEITHK
T LRWVRERIZ. CGLANV 7 BEET 20T OB LEEICR o TRV &
T, RO REFARITBERIICaPUATRI S L ENTVW ALK
ATEBHELTYH, BRFIK, CGL FOBFIMEBREETIIR, HALE
COM IZEF A (n) Th 5= LAMBRTV SO b, EFMEPHERE
WHRRRZFENRZ L LTYH, BEF%% 1000 AbDORBREZ B TE S &1
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Fig. 3-2-3. The electric field dependence of the quantum efficiencies. For layered
photoreceptors, CGL thicknesses before the CTL coatings were 0.09 um (O) ,
0.20um (A) ,030um () and0.49 um (@) , and CTL thickness was about
22 um. CTM content in the CTL was 474 wt. % and illumination intensity was
3.8 x 10" photons s m™>. For single layer CGL, thicknesses were 027 pum (1)
and 0.15 um (V) , and intensity was 8.3 x 10" photons s m™. The filled square
(M) data was obtained with the 0.27 pm single layer CGL sample using a posi-
tive surface charge. '

EFRLEEXSIEEZIZL VW,

B. b i BRRE O HEE
CGL 7NV 7 THBMUT & Y AR LT BhEE-Fid. CGLHZ 3 L CGL ./ CTL #
ETxY Y 7EERT 5, AEICBIT5RETFOMBENRFICEZ 3 LIET S
&. CGLIEE (d) PRIBAE DO (¢ ') BIUEHE () LY EVWEE. v
VT REDEFHBIIRTERENS™Y,

(322)
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Fig. 3-2-4. Reciprocal photocarrier generation efficiency versus reciprocal ab-
sorption coefficient of the CGL at the layered photoreceptor. Experimental
data are given in Fig. 2-6. '

Fig.3-2-4 12, CGL B2 R 2% 2 THRIE L7 BRI D xerographic B F %)
RBOFH L CGL DRIRBOH K OBEGRERT, RIORTHERIIEE 2/ -5,
hiE FILBORR A X ¥ V ?%ib:ﬁé% LTWRWZ L Z&RLTWS, Fig.3-2-38
XU Fig. 3-2-4 OFERIL. BhEE FICHERRENS S 1000 A2 B icli 2 5 = L 2 &%
5HDTHY, ZOEITETRALIZINECRBE SN TV EREFEEE S
RELHBXTLES,

—F. a?'DI>dORE. BEEFAOEEY x 2 T5 L,

¢ (x=0) =¢, | (323.a)
¢ (x=d) =¢,/2 (32.3.b)

207 BTHED o KIFHEILR, Fig.3-2-3 B X W' Fig. 3-2-4 DFERITTe L
B, 20K > REHED D\ RO S — A 2% L b0 LRT 5 H R HR
THd, ZOMRIZENIT, ¥¥ ) 7REEET S CGL/ CTL AEIZCGM AL F
LFETHZ LITRY . CGL/CTLREHBA Y MA G EEZ L > TV B
T LERRT 5, RIZZDRIZOWT, CGL/ CTLAEZHKBOBE L\ 584
NHFRDB,
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C. CGM D L CGL / CTL A mDIEE

FTCILMbEZD L. ZHHESFCT™M &34 /ﬁ—iﬁﬂa#%tﬁéi’&ﬁk
THHEH, FEmbaEb < vs e FEICA T L A OWERETHS ¢EZx2bh
%, —74 . CGLIZCGM ¢ BHIED N EIETH 3 » HEENICIIFRHYETH 5, Fig.

3251k, BTHP O CGM D5y BREBEZ R T TEM B TH 5, REIFHK 01 1 m,
EEIDHD 001 1 m O—WRLF A, REFRICESE LT _RALFETBE LTV 5,
IDXDRGBHEEZHE L TRIBTRE AV THEI N CGLIL, FEH* 100
%THdLiIXEZLNT, BLAZAETHI L THEINS,

Uto X5 c B3B8 2>/ CGL/CTLRRE DA% TEM TEEL
72. Fig.3-2-6 (a) \ZF&f@ OPC DWTEER /"%, CGL,/ CTL FMEICiX. FicHE
EHRRLNIRWH, Fig.3-2-6 (b) DCGLEE LB L, CGLBBLZ 2/ER
BIZEL RoTW5B, EHIT, Fig.3-2-6 (a) P CGLA&IX, (b) BIZEH TIIRL,
T LACGLEAR L CTLOFRINFEED L 5 IR ITEMbNE, TRLDERIX, £
FLAE CGL O I~ CTL 2R T B2 LARA T b D LAFIRTE | /8 OPC D
CGL X CGMALTF & CTM 43 F L BIEF LIEBRRICR > TWH L HETE D,
7o, CGLIRE D 25122 5 fmR1 0. Y ED CTM A CGLIZ LARATND L
HHEh, 3L CGMALTDEY ZCTMAF BBV BHATHS bDEE XL
nd,

D. CGL F D RhiEF Dk

UEEY, FxVTHREYA PP CGMBLTREICHD Z EBHETE =,
BT OWEA RT EEEIZ 2 o TWARWZ & #5RT Fig. 3-2-4 OFERIX, AHi
T & AT 25 72 CGM & CTM BT 5 CGLOMETHRATE 5, BEF OB
B AEEREIIB R TH CGM — KL FLANTH I D, F ¥ U TRAEDRICHE
T 5 B F LB RIT. CGL DESIEKFE L RWERNER TE 3,

COM—RRIF BT B0 FEIZHOWTIX, BFORES 12 & L, AREER
BRETHE, $7000 HOZTFOEEETHZ LRAELOID, BAY I3,
BIREED CGM B b—E RI YV UHEBER LB Z L EZRALMNZ L LT, %2 7
I ROINR=NVBRB I OKRBROKERER ZHES LT 526K BRI MTD
TWABLHELTWS, —J5, Pacansky & Waltman '@ 13X, :‘/‘XTJ%’H"(“TDZ)?
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Fig. 3-2-5. TEM micrograph of the dispersed CGM. The arrows indicate typical
primary particles. Scale bar, 1 pm.

Substrate:

Fig. 3-2-6. Cross-sectional TEM micrographs of (a) layered photoreceptor, and (b) single CGL.
CTM content in the CTL was 50 wt.%. Scale bar, 0.5 um.
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QNEAT TN —IZOWT, E Fady -7 V&S Y U 7TRAECETESY
T 7 b= RSV UEBERETHESLTRY, $ERFEREEKEZER LWV
DEFIRECSETIEHEL TS, ZhboBFicLhif, kFxv V7R
AICELTY b~ FIY UV BERERRZEHZH-TVAZ LiXah a8, £
BELCTETIRAEIZOVTIIF ¥ )V TRAEL DBERICOVWTETHL N2
TWRW, B, Law & Tamawskyj " iX. BEBIO XMREFF — b 70 F
Vv ERTYERERWICRBBOLEDIRREL., BRI FORBEHEOHEX
CEbRLTHEMTEHZ EEFRRL TN,

FhEEFiX. CGM —RKLFDEBD Y5y (50 A) 2BBTE X, FENCx ¥
Y TRAEYA MIEETEDLEZOND, ZOBRMIITEN 7 7 AEBMEHT
| BWTRLTEWDIT TIIRWS, KBEFRIZBIT 506X v ) TREHRIX1L T
iX72< 05~06 TH D, > T, CGMAFEEDINF ¥ U TRAET A MUT, X
BHRETFBEBRISOSHEEICRIEBIX, 2RV EBILRS,
ULDOEREE L O T, Fig.3-2-7 CHEBBAEEOEBR L XY Y THREDR
F—AhERT,

Fig. 3-2-7. Schematic representation of the photocarrier generation in the layered
photoreceptor. The existence of CTMs in the CGL is a result of CTM penetra-
tion from the CTL. The indicated CGM means the primary particle, while G,*
and G’ denote exciton of the CGM and CGM anion, respectively.
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CGL/ CTLRE THERWEX ¥ V TRAEEERT Azo-FO & AW ALK

EPICL Y, ZOF ¥ Y TREVA FEBENRANLERY BREEREOH
BREFA, TORBR. UTOZ EBRHAL MR oT,

(1) CTL#IFFZ CTM A5 CGL F~ZEIT LAiATe,

(2) BRBEEDX v Y THEF A M, CGLIZ LAAAT CTM4yF & CGM Ai
FLORETHD, |

(3) CGMHLFHITAER LTc B Fid, —RAF P 2RI L VBB ThiEx v Y
FRAY A MCEIETE 5, CGLAEL Tk v U TRASENE D b2V
RiX. CGLE L #EBERIZ—ETHIEVBIRFIEBEICL 5,
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3—3. AFEEFHH

3-3-1.#8

AHAEBLERT A AOHTH, HFRBILE (OPC) i, ME—FRMLAEITLT
W3, Zhit, BB OPCHATIEMRE ETHEHRAET~05)ICLHIbDOTH
D, ZOMEIXIELOHET AR (KEEH, et —%) Ik T1~2H#K
1A% ‘

—fRIZ, A SRHERIBIL 7 L T VRIS, 0rT) & BVXCTRIET
EHRT DY B, CRNHREL—ETFIHREICES LREBTHY | BERMB
EBIIAV=T—RRFOLICERZITIET ) — - 2 U TIZHBETE 2V, ¥
A PREELERRTE7 Y — - Fx YV TICHBESE DI, ROZT@Y 05k
PRETE B, —2ik, BRTEZHRTIAICEVEIRIRE D EREA 4 16
BHE (ABA AL ThHY. 45—k, FHEFOMMICE L TIERLT XL
F—Z TIT B MEAERZ AT 5MELZHRINT S HETH S,

ABRX TR LTVWBT VER % COLIKAWVW - BRERBOPCOX ¥ ) 7
FEATX, extrinsic IZCGM / CTM A HE CTRAET A Z EBRALMICR T, TOK
B, 7Y RBNEDN X ¥ U TRAEEEN, bR LeBREOHFROHMGITH
BT LEBRIRBRLTVS, , |

HIET, 7VEE/ CIMAEO X ¥ V 7HEA#EE L, BEEREBOCIMOA &
AERT v 7 VEERLH BB S iz CGM DA Z U ALRT ¥ 7 VEERLA~D
HFEBEFBBRINICEIL LHBINT:, XFREEFBERSZFRE - BT
DEREERIIBHHFET B B, FEH T, BB L v — I ABRICE SV
FNE— Xy v 7RI, 7TYERERVHEBOPCOETBEIRER LW~
5,

3-3-2.L8AK
A. 7N

AFICHAWZCGM & CTMIZEIZET S 2 WRY B _EIZRAWE LD EZFDE
FHEA L, BERLEOERFEIX, ThETIRBRTELEBY DFETIT-
Tro MRHENBEROY T Vit, EBER-I2WCGLERE H 5 WX CGL,/CTL
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HEZ, MEAEARNT A LIZRIT, CGLIX. RY E=ATF5—/ & CGM
Z4:10wt. b TELY 7 0~FY ) U BIRET A vV TIBICE WV RELT T X
BB L7z, CGL/ CTLERIX, AT = /) —/VAZA T - RY I—RF — b
(PC) ¥ CTM 2% 10: 9 wt. H0D THF ¥ & B S 3 CTL % CGL_HICAE LTz,
WThO$HE b CGL DIEEIE, 583 nm 1281 3 BABAEN 1.5 (BEER 0.26
pm) ZRBE5TERLE,

EWEHT 5 CGL/ CTLEREY > 7/ViX. Indium Tin Oxide (ITO) 2 H T34
5 R _LIZHIR®D CGL (0.15 £ m) & CTL (1.9 1 m) RIEICHERE Lz, Z0 Lk
MEEY LT (B 8mm, E S 300A) 7% L7, Xerographic ¥R
ERY TN ORI, 52 BT L,

B. BIE .

TYBERDORNRARZ bVIiE, BEBERE VTR RT A (KREETF;
IMUC-7000) & BRI L LTAr b —%— (488.1nm — 200 o W) ZEHL T
B L7=, #:HEB image intensifier tube iX. 560nm DT ¥ —Fh v b - T4V H —
ZRWTHEIEXD OHRE Lz, CGLM»HMD3EYIX, 650~900 nm D %L % 200 ms
DY 7Y T F A LTEEEIE LEEHELZ M Lz, CTLO®RIER RS bk,
SrYeEEIEEERE (AL ; F-3000) % AV T 400~700 nm DEFETHRIE LT,

WIXARZ bV ERBNEDORERRIL, F2ELEACEBZAWTHEE Lk,
ZEFMmIX, Yttrium Aluminum Garnet (YAG) V—%— (532nm — 12 pJ per pulse)
ANV =T ARAT BRF =R ; C4334) ZHVWTHIELZ, CGMBI W
CIM DA FAMERT %0 (IP) iX. REEAKEENELEFHITERE &
WFEtER; AC-) IZ KV RIE Lz, BEFZIEDORAIEIX, xerographic ¥ TIT o7z, CGM
& CTM OB{LEBAL (B DRIEIL, P4 27V v 7 « BAF AR MY —ZXoTz,
ZORER XEERELLTOIM OF FSZFAT VE=T ABERRES
EL7E b= b YART, FEEME LB A, BREEICHTY 0 AL EE
(SCE) ZRW T To 7, T _XTHERILX, RIRTITo%,
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3-3-3.W@RLER

3-3-3-1.70F4L /X7 VENDHZEEFEBE
A. BERTTOREAY bV

CGLEE L CTLEBDRIN AR by, BLUENLART bV % Fig. 3-3-1 I
RY, Fig.3-3-2 121X, 488.1 nm DEHEIEIZX 45 CGL BfE & CGL ./ CTL /&
DFEFART M OBELZHE LRd, BIBICEL T, XRHE. BARELE biC
Y TN BT o 7o B3, BhREYEA CTM Z b L 72w 2 & 1X, Fig. 3-3-1 KV B
55 Th B, Fig.332T, BEV V IANLORNEIICCLEBORE X0 7 4 —
NE—HLTEY, BHRIICOMMLELTVE EEZbND, CGMDILIRE
X, CTLZBEETS2Z LICXVELIETLTEY, CTLA LRI Sz CGM
IZ extrinsic IZVER L TWB Z L33 h5d, EHiz, BEXEZR UV 7Aookt
RITHAIFEMMP LR L. BE2R CAERNLME LBAIC bFg 332 &
A CRRBE LT, > T, CGM OIS CTLIZ & D E#EL TR <. CTL
~OIFXINF—BE? b LIXCTLL DHETOEFBHY ICLVAEL TR L
BHER S5,

[72]
P CT™
= Azo-FO | 1, >
£ o 2
~ 2 2
=c
Q 3
= 0.5 § g
o » &
— 2 ~N
S £
e wl
< S e, -‘.
O 1 " L.° | hd, T M N 0
300 400 500 60 700 800 900

Wavelength / nm

Fig. 3-3-1. Absorption spectra (solid curves) and fluorescence spectra (dashed
curves) of the single CGL with 0.15 um thickness and the single CTL with
0.3 um thickness.The fluorescence spectra of the CGL and the CTL were taken
with excitation at 488.1 nm and 370 nm, respectively.
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Fig. 3-3-2. CGM photoluminescence (PL) intensity comparison of the single

CGL (solid curve) and the layered CGL/CTL (dashed curve) . Excita-
tion light intensity was 200 pW at 488.1 nm.

B. BRAHELAI=XA

CGM 5 CTL ~D TR VX —BENZ DWW TELET 3729, CGL./ CTLHERE %
CGM B2 (488.1nm) (Z& Y CTMBEXBBRI SN 25 E 5 2% 530~680nm D
HMEATHAE L. ZOBEXIICILZBRE LAV LIZALMTHY ., BB
£ CTM» b DRk (Fig.3-3-12) PR ah 7§, SE Eh=CcGMM 5 CTL
~NDZRNVF—BEIIEESN D, €T, %%ﬁﬁm%%ﬂﬁﬁmkiéh@
LHAIEN D, '

CGL ./ CTLHHB DRI AR M ERE L= 25, CTLOEIN (Fig. 3-3-1
BR) D 72v> 440~800 nm DFEFHIC IV TCGLEE DRI AR bV —F LT,
ZDEXRNPL, CGM — CTM [ TEMBEISEIE (CT-complex) IXAER L Tz
LBRT I LBTE, COM DFENMIIL CT-complex DEIET 5 b D TRV EE
zZbhd,

KiZ, COM DFENFELE X H7c, FAEMMERT o7, COGLEBORNL
FMIIA 200 ps TH Y, CGM DRIV FHE ZEIIREH» S Tidel | fiE—&E
ERENRBZBLEZDBRS,

IPiX. CGLELEIB L UCTL B DHEH S, CGM T 5.86eV. CTM T5.39eV
Thd (E2HE), CGM & CTMDEEIREE L FiIREBO TRV -2, KDOF
HETRDE, BN FEALT MOE— 2 BB, (Fig. 3-3-1 LR &5 .
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l Electron Transfer Energy Transfer
(a) (b)
T : 2.97 o
1.84 eV e*V
| (:".— 5.39 eV -0
5.86 eV “@—— @
CGM CTM CGM CTM

Fig. 3-3-3. Photoluminescence quenching mechanism of the layered CGL/CTL.
(a) Electron transfer occurs from the CTM to the photoexcited CGM.

(b) Neither electron transfer nor energy transfer takes place from the
photoexcited CGM to the CTM.

CGM T 583 nm, 800 nm, CTM T 370nm, 480nm T ) TRAX—BMICHE L,
EHEE /D, TORR BERE L BERBOT XLV —21E, CGM T 1.84
eV. CTM T297eV L3R H Lz, CGM & CTM O EEIRIER L B IREBO4
HHRT R F— L UL, Fig.3-33 D X HIcR Eh, BRI S
CGM 7> CTM ~DEFBE TR . EERED CTM 2 b e Sz CGM ~
DEFBECLBLELILNS,

C. FENMEARBB LI Y TRAEYDRD K

PAE. () BEHIZCOM DRE—BEREM LRIV . (i) FAEHRIIEHRE
FBECESS bDLBEZI b, CGLEBOREMLETHE (9 ). BILUCGL
/ CTLHEBORNIEFHR (P ) RKXTEZLHNDY,

.=k /k (33.1)
o .=k, / (k+k) | (33.2)

I Tk, ki ENTNEHER FX), EFBHOCHEEERERL., k
IERERBO COM DRIEREER DM ERL, k =k +k +k +** * T
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Bx2oN5b, 2L, k ITEBHED, k IRHRZORISEEEREZRT. B
FREBRIGHR (6 ) 1%, 333) ATRT LB TES,

¢ .=k /S (k+k) =1—-0_ /@ (3.3.3)

| Fig. 332 1URTRAMEREIL, BEKEA—EDRAFCRoTVAED, K

¢ /P, =1./I | (3.34)

TIT Iy Iy 1 TREZNCGLEE, CGL./ CTLREDORIRETH 5,
3.3.3) & (3.34) b, (3.3.5 RBEMNLSB,

¢, =1—-1,./1, . (335)

Fig. 3-3-2 DFERIC (3.3.5) R&@EMT 5L, CGL/CTLHEE® ¢ _ iX. 0.56
EROOND, KIZ, BFBEISHRL * v Y TREDROBERER S,

D. ERAMEEORN

BESRENRORLIL, BEERFORELRCEBICLVAE L, BEAD
L—PF—t—Ah (514.5mm) X, B —&b « 7 2RV F—2 L0 30EITET S
h (10Wm?), APESBEBONAICAZ LSIZ, AR 6mm DA77 EZMALT
ITOM & Y A L7, FEXAIXRAT ITOME Y JE L. CTM BF—ABEED
M CH DT, BHE, CGL. CTLH b 72 518 OPCIXAHBEDBADAHEE
ERT, ZDDH, CGMDOFEHAT Y, BEREBEERZ AV, ITO EiF
ZE&BWICH LTT I RN 0~120 V ZHIM L 72 REBCHRIE Lz,

BRBEIICK T 25 OPCD CGM FEIEHE (600~900 nm D HiFE) % EFBE
RISEhRIZHE U, 5 2 B THIE L7 xerographic BF3)% & b~ T Fig. 3-34 IC
Y, HEOPC DETFBBEIRISHIRIT ¢ =056 T, BR L IZEERIC—ETH
% B3, xerographic BT RIZERITKFHEL R LRER CEFBEIRISHRITE
B ZORRNPD, TYBERERWEHEBOPCON X ¥ U 7RAR, BRICK
FLRWEFBHIBR L, ERIEKETI 7Y — % ) TOAEBBREREZETH
5Lk, Thbb, BE—RAT vy I TCHHOEFBEXKISIZESNTY
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Fig. 3-3-4. The electric field dependence of the quantum efficiency of layered
photoreceptor (circles) and single-layer CGLs (triangles and squares)
using fluorenone bisazo pigment (see Fig. 2-4) , and CTL-induced PL
quenching efficiency (diamonds) at the layered CGL/CTL. Excitation light
power is 1 W m” at 514.5 nm.

J— - %% U TORBE (P=IF%—b - 7)) PEBRFCERSh, BT
FoTTCVzIFX—b AT PNBBERICIV 7Y — X% Y TICHEEET 5, L
LOXS K, TYERERWIREOPCON* ¥ ) TRAR, B-E TR &
HSRTBRERBEBRTELTHAI LN, MIDTHLMZR T,
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3-3-3-2. MYTIZATFE2FIRTFVEHDOAZTEEFBE
A. x VTRAME
Z ZTiX. Azo-TPA Z AV 2 CGLIZ% LT, Table3-1 {277 18FD CTM” %

CTL iz L7278 OPC % BRIV e, 187D CTM @ 5 b 7 B2 REFIICER
%, Fig. 3-3-5 2@ OPC & CGLEMDEFHEREY, BRREICRLTRT, E
X Y | emission limited® & T CHIE S 7= EHE OPC DEFHIRIT. BRULTE
EIIR LTV AR, CIMEICHR KF LEOFFNTER CHERII LRV, 20k
Rix. CIMPNF v Y TRAESRITA BT D LEEWT S, Fig.3-3-5T
BEBAKOETFIEIT, CGLEMODETFEERSE LRI>TWAE D, AERRD
CTLA CGLDx ¥ U TRADREHBE L TWEZ LBPALNTH B,

- AEBRTHEALCIMBA—VEBREETH 00 X v ) TRAEBRITF v )
TEABERbEL, Lo>T. CGL/CTLAED X ¥ VY 7RAIX, Fig. 3-3-6 DI
ARNCRT & 5 REERBO CTM 2 b R ED CGM~DETFBBXIETH
LIRETE 5, —fRIZ, AFERETFBESUS (CSKS) TAERLEY 2 IXx—1-

Table 3-1. Carrier transport materials used in this study.

<2
w~<O~O
Q.,
ciM | Ri R2 R3 CTM RI R2 R3

1 |40cHs | 40cH3 | ocHs | 10 | 3-cH3 | 3cH3 | ocH3
2 | 4OCHs | 4-OCHs | CoHs 11 3-CH3 | 3-CH3 | t-C4Ho
3 | 40cHs | 40CcH3 | tCato | 12 | 3-CH3 | 3-CH3 | CaHs
4 | 40cHs | 4-cH3 CH3 13 H H OCH3
5 4CH3 | 4-CHs3 | OoCH3 | 14 | 3-cH3 | 3-CH3 CH3
6 | 4-OCH3 H CH3 15 | 4-cHs H H
7 4-CH3 | 4-CH3 | C2Hs 16 | 3-CHs | 3-CH3 H
8 4-CH3 | 4-CH3 H 17 H H CH3
9 | 4-cH3 -H "OCH3 || 18 H -H t-C4Ho
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Fig. 3-3-5. The electric field dependence of the quantum efficiency. For lay-
ered photoreceptors, CTMs used in the CTLs were 1 (A) , 5 (4) , 6
©O),7@@® ,9 ), 14 (W) and 16 (V) (see Table 3-1) . CGL
thickness was 0.24 pm, and CTL thickness was about 20 um. For the
single CGL (<) , the thickness was also 0.24 pm. Illumination intensity

was 1.2 x 10" photons s m”.

_X7E, V2 Ix— MEES (CREW) 2475 B, REATTRY=IX—

FeRTRT7Y — - Fx ) TIHRHET DHEITL LBITHY, 20X REHFT
TiX, ¥ Y 7THRAEDEIX, CTMH D CGM~DEFBEIRIG & i S/ cGM
DRIER G L OBFICEIE, 336) RTEHEZLHND,

k

- (3.3.6)
T2, kEFBERSEEERK. kIR CGM ItE S o RIGEEFHL

THEEETH D, ZRITBWT, k FOLENE L7 CGM DO FREIEHF i D&% 3.1 X
10° s'THExbND ',
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. BEFRROTRNF— - F¥ v SRIF BFBEIS)

BEFBERISEEEBIZHD S Marcus ™ 13, kX TRENS,

(A-4E)?
Ahky T

k, = kg exp (3.3.7)

T, kIEERT. LIIEFREETRXNVF—, AEIXCGM & CTM DB{LE
METRENDIZRAVF— - ¥ v I TH B, - |

AE=FE* (CGM) — E™ (CTM) ‘ (3.3.8)

FEHOERIZFANECTIMO I A 27 Y v 7 BAZES S ML B—R b 55 gum
MRTTHBRIEETRT. foT. BILEME* X, 7/ — Fe—s Bl hy—F

Exothermic
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Fig. 3-3-6. The CTM-oxidation-potential dependence of the quantum efficiency
at 4 x 10’ V m™. The numbers in this figure refer to the CTMs used in the
CTLs and listed in Table 3-1. The curves are fits in accordance with egs.
(3.3.6) , (3.3.7) , (3.3.8) (dashedcurve) ,andegs. (3.3.6) , (3.3.8) , (3.3.13)
(solid curve) using the parameters described in the text. Inset shows an energy
scheme of the photocarrier generation process at the CGL/CTL interface.
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v— 7 BAOEWNEHTEREINS ™, Fig.3-3-6 IZi%. 4X 10 Vvm! iZBIT 3
B OPCOETF#EEL CTM®D FIiZxt LTRT, ZORRIZH L., (336), 33.7)
, 338) REAVTHERREEZ 7 4 v FEELLOBRPOERTHS, ZDL
EDTALYTAVTNFA—F =%, k,=38 X 10"s7, 1 =0.19eV, E* (CGM) =
0.90 V vs. SCE T 5,

(33.7) ROLBERET=RAF—AIL, A=h +A, TEX OIS, A Hit, L%
MEDOEM L ARDEILEZEAETORAR Wb 2HEE) BRET XL
¥—Ths, L AL, AHOHEEDERAEFRETXNVX—THY | EEHER
EFNMICIYVKRRTEZOND Y,

2
€

A

S

- 1, tyr 1
- 4me, | 2o ¥ 2y s f\n® €, (3.39)
KA. ni3BHR, & FABEOKEKDLHEER, r, L, i3F4 NF—LT 7S
Z—DA Z B, 1, 3T UHBEREE KT

BHEFICCGM & CTM BT B S NI BBHFR TIX. CGM & CTMHE D XFHRET
BE

CGM*+CTM — CGM + CTM'* (3.3.10)

BT IHIEOREZBMTHIZENEETH D, EBEIZ. CGLIZEMRT 5HtiE
BEEZDLERBAKOBRTHEROENEAT ABRSVER EINDB, (v
F— IR RRICE S RRRZEN CTL FOF v U 7—Hak

CTIM*+CTM — CTM+CIM™ | (3:3.11)

IZOWT, Marcus BRICE VR IR TWE D, o T, BABIZHAWONSE
SRR R IE L, ETBEICH LTRSS LTHEAT2 b0 L5205
nad, ZZTHWEREBO BT L LFERIX, £ 4 PRETTIE® L an )&
BETICXY 1.60~1.64 BLTV28 LRDOI, ZOEIZFBIEFEDME L IS
ENERILTHD® »D, 33.9)RDOGRE=IHIX0ITidi b IBMEELEDOE
ICIE3K . 2T, RBHEIT—RBOFBERABER L AT LB TE S,
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C. FMBAIEDTRNF— - ¥ v FH

(3.3.7) ROFEMBDRITINT, K, 1x

10.5
4’

WAk T

2
ko= v | (3.3.12)

TEABNDEY, L, VRS M vy 7 RT VAV MCHB, ETHE k=338
X 10Ys' & (33.12) Kb, V=80cem' B3, —F, ~VF 74 ) VHD
LN, KRR TEZBNRDY,

[ ZZ . SJ (th -AE +A,)°
Y BPA kT 4\ kg T
S=A,/hv, | (3.3.13)

2L, A RBREBRRE VX — A INEFEE XX —, v 13RS T —
ROYHZ XN F—ThH D, (3.3.6), (3.3.8), (33.13) APV THEET £
BIZ7 4> b ESREERNFig. 336 PFOERTH B, ZDOLERVET 49T 4
YINRTA=F =L, A =0.18eV, A =0.15¢€V, V=105 cm’, hv, = 1400 cm”, E™
(CGM) =091V vs.SCE TH D, VOEIX, WTFNOBED L TITHTHEIZ
INEL VEBEFBEMISIIFEMBMIICELCLTVWA I L ZRR L TWS, FD—F T,
REATE~10" s KLY /NERED k12X LTHRRISEZRET 5 2 L b e
THd, TDEIRy—RL LT, EFBERISYA FMEBDLRWEEST bbb
CGL/ CTLAETHOTH2CTM L CGM IZEMTE WEEREL N5 L,
EDMD Yy —R b+ FICBETHICR S,

Fig.3-3-6 ICBWT. ¥ v U 7T RAEDR ¢ 2B FBEISUSERZICE SV CRET
L RERIZ BRNB X OB T o —FOfiE & bIZHRELE K< —&KL.
CGL/CTLRED X v Y TRAEMER T RV X—F ¥ vy FRIIE D KBRETR
BIRISIZ L B Z L ZIRBIICR LTV B, Z O adiabaticity IZ2WTik, ThU LS
BTERVE, HA4E2EHTHOAENLRINT 3,
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3-3-4.&®m

9, IAFV )V ERATVER (Azo-FO) Z AW OPCOXXx U T
RHERA = XAZOWT, BRIEERE (CGL) DREXRED LRFTEITV. HHE
BFBINCOWTKROMAE /T, BERICBWT, 7YERZ AV ERERL
RO CGLEEN, EfIEEEZRBE T2 Z LI XV extrinsiclT 56%HLIN D =
EBRHEINT, WA T =X AL, EBRTEEM B b IERE Sh = BWMREM
B~DOXFREFTBESINICE IS bDEBEINT, ZOHELEITEMNEBEIC
WEET, x v ) TRADRIISGEER CEFBIEISE (056) T3 2 &
DH, BAEHRITEF Y ) TORRETRDLLEY 2 IR —F - XTOER L FAE
iz,

KNT, N) 7= T v Y AT VR (Azo-TPA) & W - RE BRI
DAFEETBHI OV TR LR, RBRGEDF v U TRAEZRIL,
TRAF— - Fr vy FANC XV EERSHBA SN, &Y, ARRIZEY
CGLIZA U b Fid. CGL / CTL A E CIPEMMONFEEEFBHICL Y 7
V— - X2 VT ICHEEET 2 Z L BRI R o T,
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3—4, SxIx—b - R7OBH

3-4-1.%5

IaNEALT T N—DREOPC~DER® Uk, 7 YEEHIRRER A&
FADBHFELEM (CGM) & LTHRLEARBEA TV IOV L DTHS*, &
BET7YVERORIL. FOBRETERX ¥ ) TRAEICKESFET I Z LBMA
LRTEY., EBERBEEZ L OLRVE ) TEEHIT O VT, vV T
APRPE LBV EHRBRBROICHON TV DS BEBEL v ) TRED
B M BT 2 E LRV,

— iRz, ARILAEMTBITAXx v Y TRAE., () KFEEFBENICE S
VxIx—bEF—F—N - XT~OBMDBEE. Gi) V=IXR—bF - _XTHH7
Y— Xy YT ~DRBEL VD ST DDRT vy P nbi 5 Y, R TH T
37 VR % CGM IZHWFERE OPC DY+ U 7HAIX, AiRDEY CTM &
DT extrinsic IZAE T,

cGM*+CT™M — (M - cM'Y) — coM T +CcT™M T
(3.4.1)
TrREN5,
AE T, CGM & LTRRE LR ERVIESAHRDO T JLEH® 226t
DERREET Y Bk Azo-FO & LB L, &« OFEBBLEIC OV T ERRO BRI
EB Licx v ) TREAFRRETHAND,

3-4-2 FEBAEE

ERIZAWTT LAY (CGM) DILZEHEEX % Fig. 3-4-11277, CGLIXAI
EELERIVZRTFNLT 4 VAT, A2o-FOQA) ¢RI E=AVTFF—V % 10:
4 wt. )b CE& T THF 98K, DV iX Azo-FO (NA) O THFERA?H 7 L — &
TIEV~02 u mOBEETHBE L, CTLIX, EAT7 =z /) —VAFA T &K
J—ARF*—k (PC) & CTM % 10:9 wt. tb TE e THF %R AL R L5 T CGL
Fiz~20 p mBERE L7z, CGM DRIN, FEHA7 MARERIC, RROEREHE
ROV TN EEENRRETN T A LT 4 y E/ THRICKVRITT

A7 PARLEIERTEIOE Y 1TV, EBRAEEOEFHROBAE bHIHO
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Azo FO(A)IP = 5.86 eV

GHs CH3
NOC_ OH CON

‘N-NN N‘

Azo-FO(NA) IP = 555 eV

Fig. 3-4-1. Chemical structures of fluorenone-based bisazo compounds (CGMs) .

xerographic ¥EIZ X o7, BEFIRAEOTICERIL, BHFEREOT V{LEHD &
KERINHE R (Fig. 3-4-3 28) & L. Azo-FO (A) TiX580nm. Azo-FO (NA) T
X 570 nm & L7=,

3-4-3 . HREER
A. Xerograph E T2 D L
Fig. 3-4-2 IZ2E D Azo-FO (A) LI FEREMHD Azo-FO (NA) 44 CGM IZ

FAW7=5&J8 OPCE L U'CGLELE (Azo-FO (A) ) DETFHHELEROBRETRT,
Azo-FO (A) & AW FEE OPCO BT FIXICGLER Dt E LEI->THEY | CTL
ICLBWEERLTNWB, —F, Azo-FO (NA) % V72788 OPC D & F#h=FEI,
Azo-FO (A) ZHAWEZEFN X VBT EVY, Azo-FO (NA) DEBETZHERH/)
SWVWERZ, 34.1) RIZPEXIR, () extrinsic 2 Y = IR — b - RT OAERZHES
EbLDT/HEVD, () V2IFx—b - XT0LT7V— - Fx U T ~ORERENS T
ST THEIIDOELLNEEXLND,

B. 7TEEOEEL ¥ U TRADBERK
Fig. 3-4-3 127 JLBMDOZN b-P 7 a VR B URIE ERBRERY v 7V (E
AIRER) DRI A Y MV EIRT, Azo-FO (NA) DEREY VT ADORIRARZ b
ik, CTM ORI D 72V B (460~800nm) IZBWTERIREBOEN & I
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Fig. 3-4-2. The electric field dependence of the quantum efficiency of layered photoreceptors
consisting Azo-FO (A) or Azo-FO (NA) , and single-layer CGL consisting Azo-FO
(A) . For Azo-FO (A) -based layered photoreceptor (O) , CGL thickness was 0.17
pm and CTL thickness was 20.3 um, with illumination at 580 nm and an intensity of 5.8
x 10° photons s m™. For the single-layer CGL (Azo-FO (A)) , thicknesses were 0.27
pum (A) and 0.15um (M) , with illumination at 580 nm and an intensity of 8.3 x
10"photons s m™ . For the Azo-FO (NA) -based layered photoreceptor, CGL thick-
ness was 0.2 pm and CTL thickness was 21.5 um, with illumination at 570 nm and
intensities of 1.0x 10" () and 5.3 x 10" photons s m™ (A) .

Absorbance

500
Wavelength / nm

600 700 800

Fig. 3-4-3. Absorption spectra of the Azo-FO (A) and Azo-FO (NA) .Dashed curves were
obtained from o-dichlorobenzene solution containing 1 x 10 mol dm™ each azo com-
pound. Solid curves are obtained from single-layer CGL for Azo-FO (A) , and layered
CGL/CTL structure for Azo-FO (NA) .
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—HERT, TOZLHb, FEBLE BEERR) 1D Azo-FO (NA) DRI
ITHERRINICE S LEZXOND, —F5. Azo-FO (A) DRIXARZ RV,
LR E TR B, BAIL. Azo-FO (A) BEHRRBIZBWTSAKRTHEZ &
R LTV O, Azo-FO (A) DEEKRIER LEKIKB TR R 2RNL, ThEh
KEREHEEERICHIGT BT LBH015,

7B OFRIE (PL) A7 M EBIEXIFIC Art L —F— (514.50m, 7 mW)
#RWTHIE U, BAEHE D RIEIEME S —ENOCGLBEER —EDEHET T
Ton2%BE. EFBERGHET DY = IX— b - RTERPE (6 ) 1
KA THEZLND,

¢ =1—-1,./1, (34.2)

[~

ZIT I Li3EhEh, CGL/ CTLBEEY > 7V, CTMZ& %72\ CGL ./
PCHEET VTNV OREBETH S,

Azo-FO (NA) 2B LEBRBILERD ¢ _iX. 342) ROFENDL~074 L RDDH
N, ZOMEIX, Azo-FO (A) DEN (~0.63) LV HKREW, (3.4.1) RICKEZX
i, 2F v ) TREHER () IKXTREND,

6=6¢_ X6 (3423)

diss

ZI, ¢ BY=IR—F - RTRETY = Xy ) T~OREHETH D,
¢ . 0E 343) Arb, LRl ¢ Lo ZRAVWTHESEND, LLEDEZ Table
3-4-1 13 L=,

Table 3-4-1. Overall free carrier generation efficiency (¢ ) , geminate-pair gen-
eration efficiency (¢ ) and dissociation efficiency of geminate-pair into free
carriers (¢ . ) of the layered photoreceptor.

6" 9. ¢
Azo-FO (A) 0.52 0.63 0.83
Azo-FO (NA) 0.001 0.74 1.4x10°

a) at3X10'Vm'
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C. P=IFX— 1 - _FD7Y — - %% Y 7 ~OfEH

Table 3-4-1 DEIZ XX, Azo-FO (NA) ZRWBBOPCIZRBITA YV = I X —
b RTBRPEIL, AzoFO (A) £V bAEVHE, V= IFx—h - TP 2LT
U — - F% U 7T ~OBEEDRITFERIZIEN, 202 b, TYVEBOLSER
BB, Pz IRX— M RTOMEEDHRIIKRESBEEZREL VWS LEZDNS,

BEHRRBIZBV T, Azo-FO (A) D7 b—t FT YV UEERSFRIARBE
EIELET202LB30hoTRY ., ARRZSEX/MLOT VILEHZBNTH
HEINTVWBE™, —F. Azo-FO (NA) I3 FRICKFRE /LT, 264%
FERTDZERTERWVS, 7MLEMDEEIE. F—N—F—NADNx ¥ U TH
EPHRICEBRT D 2 LBRCHRE SN TVE? 25, AFORRICLIE, 7Yk
BEVDORXEIIRADEISTHHETBE (V=IX—F - XTER) IIREY
T, BHEOTY — - X3 ) T ~OMBERRBICHET B,

VxIRX— M XTEERTIAFEETBHGIL. ST 2F0EF
EBOF—R—F vy T RABH LT, XFEEFBIHICLIVER LEZOHO
Yz IX—b - ATOEM M1 ABRKLHEESND B4E2HBR), —
% . Fig. 3-4-2 DIERRENAED xerographic BEFZRICA VYV T —BREZEHTS
VIR M RTOBEMIIBLZ130A L HEEIND O, ZOEMOEIX. B
FRERGERORER, V=7 —@iE7" 0 X 512 it —XeRB iz
LTEELIEb D LH#HEIND,

3-4-4. #H

COM & L THBRE L RT 2B I MMERE LivRERWIEREHEO TV AL
PV ERTEEHE AV, ¥V I X — b XT OREEERIC OV TN, £
DRER, 7TYBERDOEBERER, VxIx—1t R7VOMBEHRICKRE I BEY
RIELTVWAZ &858 b ric e ote, 7V EROEERBIKET 5 V= 33—
b RTOMBENEOEL, V=IX— b - XTOHBEEOEICERT D LE
Z bz,
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3—5. FYUTRENDKRICEHTIER: BRERHAT

3-5-1.%%) 7RERBE |
7 R F O EBOPCO % v U 7R AR CR AN T LB B2 &
DEEDLH LI ST,

G*
kit kot Ky
— d
G1*_I —>|(G...T)*——>.(G‘---T+) _Isi G+T+
k_ditt k_et
hv K | : , kgr
G —- G+T
Scheme 2-2

IDARF—AMZINE, F——F =N D% ¥ Y TREREFER L 1X

kdiffketkdiss
K ook o TR gigtK giss K gigrKgr KooKy +Ko Ky

k, = (3.5.1)
THEXOND, HIE2HOBR THEFBBHERSBECRL RV LBHL
MCRDTEDD Ky D K, BE Wk, > (K +k) BT D, X-T, 351) R
ES

kdiff ket kdiss
y k-diff (k-et +kdiss +kgr)

k (3.5.2)

725, 2L AKRIC, A—N—F—NDVzIX— ' BHAEEERELZERT S

&y F=N—F—NDFx % Y TREPRIX, 35.1) K& 352 X% (2.14) Rz
RALT,
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Kdi“ ket kdiss
¢= Kyiss +Kg k. +ky +k

' diss - gr (3.5.3)
Kas ko % vk, +ky, TH

TRENB, L. K, =k, / k, Th5,

-diff

3-5-2 SRELCCEATIEER
B33 REAVTEBFHIR DM EICOVWTREIEZMZ 5, F¥ V) 7TREDH
L& B INDZETFBESG L ZOHERIGOREERDOL k, k1T, =RLF—-
X¥ v AEEZRNT

k,/ k_ =exp (AE/ kT (3.54)

LEEDY,

BIZIZAE=0.10eVD L&, k, /k, =50 L7220, BRIGITHDICEFETE
B, TXRIAX— - Xy y 7THRREVIZEZOEMITRE S, T72bH, CGM &
CTM D IPZED 0.10eV LA EIZR2 5 K5 G ZB/RT D2 LI kY #RWS
RF¥—LHD k) ZWHTE, MBRELERISZZLHBTEDLELXLNS,

Azo-FO / CTM BERAAE T, k, k=18 X 10° (AE=0.37eV) THDH
b, 2L HFREBELCLTVWRNWI EBHARTHY ., ThPIBEERTHLRBELZE
THEBTHDHLEEZDOND, Azo-TPA/ CTM BERBOEETIX. k, 'k =126
(AE=0.065eV) TH Y, HKISITBRTE DI LIW/NEL RV, 2D LR, Azo-
TPA / CTM BEBRIEAMEER CRRICRENER T 28m & Bbh 5,

BH. 205 RBETBBESIL. RBKE AEZ0) THhEHDL, (354) R
bk, 2k BERYIED, BIEIHOBRENS ., AFEETFBEEABRIBZH
SBELEZDND. TRDL, k< (k,+k) PRETEDRD6, RFICK, <
(kg k) BEILT B,

EHIEIE2EHNPL, BETFOLBRRIEEE (K, =1) THD LRET
&5, YLEIZESTIE, 3.5.3) A,

k k

et diss

¢ - ket +kL - kdiss+kgr (355)
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L. LI n 3, | |

(B55) ROADE —HIX, P=IRX— b - XT24EL3HETHY, AIOFE_
EHZhND 7Y — %% ) 7 AT 2METH S, MEORELH LR
i, EFBBRICEERICESVCETBBIRS 238 < T 5 FEp R E
BV, BEOHBBIZBV T, km@wmﬁ%mb:f;o*cu\f:u\f:ab\ B RTIX
BARTERVA SROBEL LT, EROICIhEERET 52 L BRET
BB, ZOMITH, k, k, OBRKIEMR CREISVR, Zhdi—oFoff
Wt B L%, OPCEIED LT B4 DERT A ADBHFLIT L > TLEF
ARTHBEEZLND,

253

1) T. Kakitani, N. Mataga, J. Phys. Chem. 89, 4752 (1985) .
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EME BEETNA RIBTEERERE

1=

FF
W_BET, TR ECIMORE T Y Y TRETHIZ LBHLNIRY,
EEROF ¥ ) TRABRRMERTE L, FZETE, v ) TREDERERL
HMICHRET Lz, —F ., FX VU TREYA FTHSD CGL ./ CTL A EHEEDTF
LUV DRRBX, F ONEERFFEICRITTRENE Y avav, AFETiX. OPC
FNRL ZANONF v Y TRAECET 25BEIC OV T TR R LR EMm L
o

4—1. CTMOCGL~AD LA ZHIEZ

4-1-1. &8

BREBE T OPCT A ADOTEMNAEETFERE LTRLLRBIERINS S
B Thy., ZROBEBE OPCOEBIZERILINTNS®?, 7Y ER% CGL
WHAWEBBREERIZBW TR, B2ETHLMCENTZ X 51T, CGL/ CTLS
EThHFY IV TREZET I ZERTORBERBOERTH S LRRINL,
CORBICBITEEF Y ) TREOHBHEEDOT v & L RITNE SN 7ZCGM
EEERBOCTMEONFEETBERIGICE2bDTHHZ LBFEIEIHT
Ao EN, —FH. BIE2Hi»D, F¥ V THREY A FTHSDCGL/CTL
RAEIXZKREH TR, CTLBIRIZCTIM B CGLICLAZATAET AV MEA
FZRTHOBETHIZ L b I I’k (Fig. 4-1-1 2R), AEiTIX, EE

CTL . .
Fig. 4-1-1. Schematic represen-

— : tation of the photoinduced
electron transfer at the azo

CGL

pigment particle/CTM

Electrode ]
interface.

1 \
CTM CGM
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27 BB T S R CB B % U FRAEYA FRTBR SR
HRELESROICRY . PORBECER & OBFRYERT 5.

4-1-2 . RBRAE

AEIZ AV V2 Azo-FO & CTM DALFHEIEILSE 2 D Table 2-1 (TR L@V T
b5, BHAEOVERIIE SE2HICE LB OFETITo T, SOEHEERER
DY TNE B3 EIHICHE CEBOLBEY S R LICR LT, CGLIZ. RV
T VT F T - Azo-FOB 4: 10wt kDY 7 uanxd ) VB ET 4 v ¥
VIHEIC R YR (026 pm) Lz, THOCGLD EIZ, HZRBEIZTO0l 1 m
BEED CTM B E2 R 1T 7=,

BEFHROBPE, A7 MAORAIER L UIZBIEEOBTE TEM 5 EEEIL,
W2E, FEIETIToLbOLRALFEICTHRE L,

4-1-3 . HRLEER
A. CGM®PL A7 bV
Fig.4-121Z, CGLEEV 7NV B LU CGL /#E CTM Y 7D CGL 1 b

-

/ arb. units
)
(o]

o©
)

04

0.2

Relative Luminescence Intersity

650 700 750 800 850 900
Wavelength / nm

Fig. 4-1-2. The CGM PL spectra of the single CGL (solid curve) , the CGL
bareing evaporated CTM before (dotted curve) and after (dashed curve)
exposure to THF vapor. Excitation light intensity was 200 uW at 488.1 nm.
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D PLARY MV ERT, CGLEBIZH, CIMEZEZEAEFETHE L7
JVCPLIENITE Z o TV B R, HART RO EFBERISZIRII/P SV (EF
D EB. IRWT, CGL/HECIM YV I 2B ED THF AR ICED IR
T3¢, PLBERKE JETLT @FOmR) BE OBEBRLEDTH L RE
BiZRb, ZORERIT, EERBETCIMERITAZ LIZXY CGL/ CTL A/
BB KT EE & LEEBAIX. CGM & CTM OEMEFIN/N S F ¥ U T
YA P EBHBRHD ROV, ThEBERHAROETSZ L TCIMACGLIZL
HIAHCCMIZIET A CTME DL, v YV TRAEY A FBRCGLANAV I FIZ =K
TR RED R ENZEDEELLND, ZOZ X, BRBITETER SO
HREEBAKICBNT, BAFLEFTFCIMMORACTLEBIT2HIC. £
BOCTMABCGLIZ LAAABBERBICEET A2 Z L OEEHEZERL TV A,

B. CTLMRRIZ & 5 CGL BE D RES

ZIZTHE, BTN RZBWT, CTLEERIZ CTM H 2 \WIidmaFRED
X9 COGL~L AR &5, Fig.4-131Z, CTM ¢ BRFOLEEE X T
CTL #RR L2 BRD CGLIKE 2 TEM BE» O RO TR LI, RY I—RX— |
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DBFEI3SBRETHEOATVS, T4abb, FY H—FXR—FHCTM b CGL
W LHBRALZ LB TEDIN, CIMOE R LARABRZ N & B35, Fig. 4-1-3 1
BT, BEAD CGLOBE & CTLOMAR & OMICEBRBERSBD OB, &
MIICTME R Y I —R R — D LARAABRICHMBERIDBR Y LD Z L ZEKRLTW
5, ZOBEZF, LARABBRBCGLOZAMICE I FEDNVD X5 23R
WCEBbD T, CTM L BB K 4 ML L7 HERE S IZ X o T CGL IZ LAALe
ZiEERLTWDS,

MRHZ K Y B3 LARAARIT, KOLSICHRTHATLHIZ LA TE D,
7 4 v 7 OE—HERANC LT, HEBOEE SIkA TR SN 5,

§S=—D-A_ (dC/dL) (4.1.1)

A, DILTEEARE. A_REH. (dC/dl) REERREARETT. Sbic, &
BARBITRBRIZ @12 RTEXLNBYY,
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Fig. 4-1-3. Dependence of the CGL thickness on CTL composition for the layered
photoreceptor. Thickness of the CGL (before CTL overcoatn) was 0.16 pim.
The inset shows an analysis of the penetration of the CTL components (CTM
and PC) based on the additive law of diffusion.
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TZTCT MIEISFE. ¥ aiiBE L BREOMERICIVREIERTHY Ek
Bz 0.5~0.6 DEFHIZH B L WME I TWVBY,
PEICE SV LABAKRER Wik, @.13) RTExbBN 5,

t
W=L |s | dt 4.1.3)

TZIZ. t BBEOEERERTH S,
CIM ¢ RY I —FRRX— b (PC) DEEMNFIL L X, MEHD LAALEDIX,
(4.1.1), @4.12), 4.13) X”rbd, 414 XTEXLN S,

Wery” Woe = Moo/ M) * (4.1.4)

M, & M_, \Z%& % 71000 (EEFHSTFE) & 451 2RAL. 2l 05 2B,
W Woe =125 285,

-92-



—7%. Fig.4-1-3 TCTM B L CPCETEB T L 72D % 4 D CGLMSZZ CGL
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V. LAABBRIICTLZEBREBA L THOERT 2 E TORICIEE ZHES &
LTELELUMATE S,

C.CTLMRP X ¥ Y 7TRADRICKISTHE

Fig.4-1-4 1. CTLAR ZE X THER L =HBEREROBRFHRLERIIH LT
R"T, CILED CIMEFEBBEL BB XY I TREDRTHEbREI D
B, CTMBEEOKE 2L Z A TRETHROEMBI T 2ERSROhS,
—%. Fig.4-1-3 DFERPHIE, CTLFOCIMEBEAENEL 25 &, CIM®D CGL
~O LARABBITEMIZEMT 5, Ll E%x, ¥ & BT Fig.4-1-5 77

CGM D EARBALIX, —RBLFTH D, —FH. KF ¥V TRAICEEGT 0LHE
BB FRIOSFHENDF—"—F v THRHBATH P 1, — KR
RFREICROESWECIMB N F % U TREY A FTHBH L TFHITE 5. CGL
FOCTMENEMNT 5 L, CGMAFRED X ¥ Y THAEY A MICTMPMERE
DSHLEMTELOD KFRABCTIMTELRLTLES XX VY TREYA b
ML R RBEEZOND,Fig.4-1-5 IR SN BETFHROHMO LTI
X, TOEIRBRIZEZbDLEHEESN D,

D. CGM/ CIMREDxx Y TRAEFA MK
FhEET1X. CGM— WAL FDEHD 45y (50 A) ZiBuc Ly BEIcE i, E
BRZX Y YV TREYA MCBEETEZLELOND, ZORBIITELT 7 R
BEEMBHIBW TR LUTRVDIT TRV AREEICBIT 2 X ¥ U TRAE
R 1 TR 05~06 THD, #-o T, CGMAFRAEAD N F ¥ V TREY
4 M. AFEETBHSSBRBCRIBIIZ IRV EEZLND,
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Fig.4-1-4. Dependence of the quantum efficiency of the layered photoreceptor on
CTL composition. CTM contents in the CTL were 80.0 (O) , 61.5 ([J) ,
412 (A) ,23.1 (V) and 167 () wt. %. CTL thicknesses were about 22
pm, CGL thickness before the CTL coating was 0.16 pm, and illumination
intensity was 3.8 x 10" photons s m?.
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Fig. 4-1-5. Dependence of the quantum efficiency and relative CGL thickness on
CTL composition for the layered photoreceptor. For quantum efficiencies, elec-
tric fields were at 4 x 10’ (O) and2x 10’ (0) V m™.
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¥ ) TREVA FEBENEA»ORY, BRECER L OBREFA I, £
DFER, LTOZ LALLM,

(1) CTLBIRHZCTM B X T'PCH CGL F~L AL B G0, B EHE I L
TWa eI,
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iX. CTL IZHW = CTM &2 50 wt.% LA ECIiZIFmf L T3 L H#EE I iz,
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/8 OPC ® CTL ~D43 438K Y ~— (MDP) DA IX. OPC Ak DRR
DEFEEZF LI LEZIT TR, B—ETHERLIL I ST CGL 75 CTL~
DFx¥ ) TEAMLEDRIL Lz, 7 YE% CGLIZHAWHERE OPC DX ¥
Y 74X, CGL/CTLRETET 5720, ¥ U TRAE LRI Y Y THEA
bAELTWS,

DX ) Rextrinsic X ¥ U TRAEEED X, v — VRAERICESIATHTEE
FBETHIZ L . Xx Y TREYA MNIZTFLNVOT VEERLIF/CTMI T
RETHDZLEEPRALPCRST, EHIZEDOHEIX. CIMA % &t MDP
DBRIEIZCTM BT VER BB~ LARAATEREIND Z L bahot,

A TIX, BEBAET A BV, CTLOBRBTIZ L 5 LARALDRE
BB CGMALF/ CIMA FREDHBEE A /70 R ay 7 RBLA»D . X
BRETBICESWEEERIBITERIVRT 5,

4-2-2 KREBRAFZE
TINFEV ) v EATYEE (Azo-FO) ¢ RY B=AVTF 55—V (PVB) % 10:
4wt )L CEL THF D HIREZERL, ZORBIRICERERDCIM ZBRA LBMH S
BRIEE Lz, ZRZAV, AREREZT 4 vy ¥/ TETCIMEER L
CGLEBZ#ZRTT, ZOBEBEY U 7NIX, 583 mmiZBi} 5 CGM DBELEMN, 1.0
ChR2E958BELE, 2OV TADOCGMP T+ PVIRXvEVR (PL) %, b
AZIEIRIC He-Ne L—¥—Z AW 3 E 3 Fi L Ak, EFRBETHE Lk,

4-2-3 BREEE
A. XV TRAIA DX F I FVE—Va v
Fig.4-2-1IZCTM % F—7 L7 CGLEREY¥ 7D CGM @ PL A7 MM %
RY, CTM FHIMEMMITHEV, CGM @ PLRE DR D BBl &N 5, ZD PLH
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Fig. 4-2-1. Photoluminescence spectra of the Azo-FO-based layers doped with
CTM as a function of CTM doping quantity. CTM contents in the layers
wereA: 0,B: 14,C: 6.7,D: 364,and E: 682 wt. %.Excitation light
intensity is 1.4 mW at 632.8 nm.
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R= (M/N, o x) (424)

A, MIICIMOENER, N IX7HY Faf, o dhE, xiICIMEAE
Th D,

TIZT, (423) RO [T] OBYBENZONWT, Zo0EHR Sy — A2 BET
%, =%, CGMAFIREELLZCIMOFREIBRKISIZEETESH/BETH
D, ZDLED [T IIAEEECHEY LZORBAEL LT R2BAVLONS,
F—Dld. CGMALF & D EBIC EBRICCTMA FRRARICE ST 5/ATHY .,
TDEED [T] VI BEZBERLEZORAEL LT RPBAVLNS,

Fig. 4-2-1 D CIMIZ L 5 REWAOKRE (4.23) RTEHL, ¢ OFHk%
AREBEOYWHKR zxLTTuey b5 L, Fig.422T7TLIIC (0,1) %
BHEMRICED ., ZhiT @23) REFBLTW5, 5. RPORDLYVIZR %
FWT7a y hF5 L Fig. 423 CRT LS IE7 0 v FOBEBEMETF5 TR
< 0,1) bBEBLARW, UEXVXFr Y 7RAEIZ., BXAIT Fig. 424 TRE

-99.



10 Y T v T

ET

R 2/nm?

10

Fig. 4-2-2. Reciprocal electron-transfer efficiency versus the square of the

intermolecular distance of the CTMs.

10 T T T

¢-1

0 5 10 15

R3/nmm?

20

25

30

Fig. 4-2-3. Reciprocal electron-transfer efficiency versus the cubic of the

intermolecular distance of the CTMs.

-100 -



Fig.4-2-4. Schematic represen-

tation of the photocarrier
generation site at the CGM/
CTM interface.

NBX 512, CGM & LAAHZDFER CGM R FREIZEREENT L7 CTM 573 F D
TETBZ LB 5,

KIT, CGMBIFREICHE L L CIMA T, LD X I BB THFEL T
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kg
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EEH. k IBEOEEEEERT. 75 L. BEFRENIRTEAOLNS,

KCopy=0 (kCopy+k,) (42.5)
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TREIITESHh D,

U EDERENL, SRR BEETFBENCEETH5CTMY T, o FoiR
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BAERIER =RV, TYBER L BFEDF—N—F v 70 2 AT 5 REICESE
L7ebDTHDZ LBahd, ZOREIL, BEFRTHVWLNE 2/ LR
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C. X FRETFBEIRISD adiabaticity
BHSE L COM & CTMBRISETH D Z B0, o, KSREIIREL
TVWRWI ERShote, £ZTRIC, BTFBEIRISHETRR (adiabatic) TH D
MIERFELE (nonadiabatic) THENERARD, TNIXBEFBEIOREEEES. X
Ry FRDBEHE (R,) IRELRVPMEET 2 TRAD I LB TE 5. MR
DHEE. RISEEER k IR TRED,

k =k exp (-aR;) (429)

R,k EERT 2 BEQERTH D, ARBRICHY 55 THEMR,
=

R, = R,+bR (42.10)

LFEENB, T, RIICGMICERT ZEMTHY . bBRIZCTM ICERT S
BERECH D EENRRTIE, b=05TH D)
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Fig. 4-2-5. R’¢/ (1-¢) versus R. Plots are obtained from the results
shown in Fig. 4-2-2.
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BRZELCLTVWBR I LB ND, TOZ L, ZHFHOSFHED A ——
Ty TBRHBHRKENILEZRRLTEY, s BFEDOEBYBREVE S5 T2
IMMBED, 2B, EEDOPCTNA AD CCGL FONXBEEBETFBEICEST S
CGM-CTM M EEREIX. BT 11 AL REbLOND,
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v 5 AME

4-3-1.%E

RY T UiE, 100 em’/Vs —F—OBRBEE 2B+ 5 ERWEMEIE L
TEEZEDTEY, ERCEL OFEBOPCIZCTLE LTHERHIATWBY, ¢
AN, RYAFAT =AY T (PMPS) % CTLIZHAVW & OPC D LIREE
iX. H5EDOCGM IZR LTELLEWZ L BHE S TW53 %,

BIEE TIZ, 7YBER% CGLIZAWHEE OPC iZ

BT —EDNF v ) TREBEBONAEND, KX v C|>Hs
Y 7TRABCGL/CILAETEL D Z &, TDREIX [ Si
ERTRINTWAEZKREFE TR CTLB LRI \ n

CTM A CGL~NRBA L THER ENZ T3 —F — D
fROESRTHEZ LEBALNE RS,

—F . KEFLIEHT, 4FHERY ~— (MDP) ZHWHERE OPCIiZH\ T,
CTM L BIZ CGLIZ LAAK, EDFEFR CGM & CTM OEMENREML, &AWV
¥ ¥V TREDEERBLTNDZ L EZRAHLE, ARFZ, RY b—RX— b
(PO) IMEZFCTMIZEZRIZIILRRAE RNV Z L b yhoTz, LLEDRERND
T YBERECGLIZ, RY T EZCILIZAVWERE. BOFRY ¥F i CGL
W LAIAE T, $€- T extrinsic OFERE OPCIHMEBRETH S L EBHAINI D,

AHiTiX. CGM IZ Azo-FO Z AV CTL iZ PMPS 2 AWV REE T /31 XI2BW
T. CGM L RY VTV DEITHEF Y Y TEERLRVDE ) 2D, HE
OPC DX ¥ V TRAMNER LEDHIT,

PMPS
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AEDEBRIZH 2 Azo-FO LIER TCTMOLEHEEIIEE 2 IR LZEY T
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BEFBEHBAFTHS LiXBL ORI,

Fig. 4-3-2 IZiX. Azo-FO ./ PMPS FEERBILAD CGL & CTL iI2& 4 (K457 F CTM
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T WTHhOHEES. CGLHDIWIXCTLIZELS FCIMZRBA LRV E & & (Fig.
4310007y b) T, RESKEBICH ELTNS,

U EDRERIZ, TLARARET NV KEE, RO X 5 IZHBTE 5, Fig. 4-3-
1 T Azo-FO / PMPS BB B AR DB ENEVWERIX, B FTH 5 PMPS B CTL
~RZE LIS K. WEH CGL / CTL R E DV R ITHIFIK T LR T & 2
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Fig. 4-3-1. The electric field dependence of the quantum efficiencies for the layered
photoreceptors and the single CGLs. For layered photoreceptors, CGL thickness
was 0.16 pm, PMPS-based-CTL thickness was 8.8 um (L) , CTM doped PC-
based-CTL thickness was 10.3 um (O) , and illumination intensity at 580 nm was
5.8x 10" photons s' m>. For single CGL (V¥ , @) , experimental conditions are
detailed in the caption of Fig. 2-4.
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Fig. 4-3-2. The electric field dependence of the quantum efficiencies for the CTM-doped
Azo0-FO/PMPS layered photoreceptors. Open circles (O) were obtained by the pho-
toreceptor containing the CTM in the PMPS-based CTL (8.8 im) with 0.16 um-
thick CGL, and open squares ([1) were obtained by the photoreceptor containing
the CTM in the CGL (0.27 pm) with 14.4 pm-thick CTL (PMPS) . Illumination
intensity at 580 nm was 5.8 x 10" photons s m™. For single CGL (V¥ , ®) , ex-
perimental conditions are detailed in the caption of Fig. 2-4.
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WEkdeEZLND, £72, CGLIZES T CTM % 5 H 2> UDIBA LTRSS
RRETHIEBYH CGLHD CGM & CTM DEMMED S S THIATE 5, CGL
AR FCTMZ TN L 72 BB DB FHRIT. CTLICHWZ L EDEX Y b/ E
WA, THIXCGLICHM L 72{&%F CTM 25 CTL (PMPS) 8 TRfIZ CTLI~ TL
AHUITLEW ZEMRX Y Y TRETA M Lzl iEIOND,
WIZ. Fig.4-3-3 I Azo-FO / PMPS FREEARD CGL IZ PMPS % CGM IZ%f L
1:1wt. A RN LEBEOERFHRELTT, EHFCIMZAWERL THIERSF
CTM ZHWVWBAK E B L CHEBDORVWEBREREOND, ZORENS,
Azo-FO & PMPS D T%H. Azo-FO &{E5rF CTM D] & [FARIT, extrinsic 72 ¥ ¥
UV T7RAEZECDHZEPALNICRY | ZIVE THE STV R EEIX extrinsic
AH=ALIZEET S CTM O LHAKRBRDOD 2 S THRATE 5,

B. E5F CTM @ CGL ~D LU AR

A BBEETARIZRAFNL - 74 0h i, #—5— -
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Fig. 4-3-3. The electric field dependence of the quantum efficiencies for the Azo-FO/

PMPS layered photoreceptors. Diamonds (<) were obtained by the photoreceptor
containing Azo-FO and PMPS in the CGL (0.21 um) in combination with 11.2 pm-
thick CTL (PMPS) . Illumination intensity at 580 nm was 5.8 x 10" photons s m™.,
The other symboles (O, [J) are the same data shown in Fig. 4-3-2.
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BE %, ZHRAEFFEMSE (TEM) CLAMESENLAEIE LE, 2FEL, BE
IXBTESEO CGL BE»LHME L EYHIRETH 5, R % Table 4-3-1 IZRT
23, PMPS (Mw=30000) i, R Y Z—ARRX— b (PC) B L ABREIZCGL~L &
ZATWABIZ EBGn5D,

Table 4-3-1. CGL thicknesses and quantum efficiencies of layered photoreceptors.

CTL (%9 10 um) | CGLEEE (um) | CGLE#EMEL | ¢ (at 5x10° V™)
CGM®D 0.155 1.00 -
CTM:PC = 1:1 0.287 1.86 0.57
CTM:PMPS = 1:1 0.324 2.09 0.51
PMPS 0.224 1.45 0.13
PC 0.231 1.50 -~

PMPS BB CTLDOHBE, HABRELAZATVAIRZ b2 LT ., BFHR
(¢) RHEBA/NEV, ZOBRIZEINIZ, ESFCTM P COLIZ L&A & &,
CTM % Azo-FORLFizxt L THHARBELE (position) & DT LA TE D L TR
NBH, B FPMPS B3 L&A & B5rFDIMEZRIZ X - TPMPS i3 Azo-FO
R LTHRIZETZZeATET EENCEDRF v Y TRAEY A M
Fa IR IRV EHEEIN D,

C. Azo-FO DENHEE

AT AR EIZ CGL B (Azo-FO:PVB=1:1), X HIZPMPS3 p mEFEREL
72bD, BLUAz-FO:PMPS =1:1 BEHEBEEZER L. & 7D 633
nm YEFEEIZx L, 800 nm iZ231F 5 Azo-FON 7 4 bV IRy R (PL) MEE
ZRE L,

FER%E Fig. 4-3-4 [R T, PLEEXY 7D 633 nm (23T B WMNEEITH
LTy b Uiz, BEED, 04 ATOFEATHRY RIFRERBERIBDLN
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Fig. 4-3-4. Photoluminescence intensities versus absorbance of the Azo-FO
single layer () , the layered Azo-FO/PMPS (@) , and the single Azo-
FO containing PMPS (A) at 633 nm.

TEY, 33.1) REAWVWTEFBIBRCHRERD S, 12U, 1 IRRFOER
DIEX AV, ¢ X, Azo-FO/PMPSHE/E T 0.062. %7z P226 & PMPS DR
FHET0547 ThD, ZORBRNDL. W5 T PMPS D LAARIKTET 5% ¥
Y 7RETA MERIIBRATRN L3505,

D. CGL T DORIEEDE

WIT, CGLIZAWeNA » Z—HiE PVB B3 &4 T CTL IZRIETREBIZ O\ T
WD, CGLIZHIT 5 Azo-FO:PVBL%E, 1:1,1:04,1:0D=XK¥E LY, CGL
EER Lz, 2O LI TFHEARY v —CTLEB X UPMPS B CTL 23R 1T, &
8 OPC DETHEREZRE L 1=,

Fig. 4-3-5 1%, CTLA CTM & PC > H 72 53E (MDP) DFERTH Y, CGLH
DPVBEHENZ RoTH, BEFHROETOREITEL 1TRV, —F . Fig.
4-3-6 IX. CTL S PMPS 72T OMRTHY . CGLFDPVBRAENEL 2B L,
BAEEOBRTHENELIIETT 5,

INHORERNS, CGLIZHVZ PVB it Azo-FO & CTM O#ERIZH L THE
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Fig. 4-3-5. The electric field dependence of the quantum efficiencies for the layered
photoreceptors. The weight ratio of Azo-FO : PVB in the CGLs were 1: 0 ),
1:0.4 (O) ,1:1 (A) , and CTL was comprised of CTM and PC. CGL thick-
nesses were 0.10 pm, 0.12 pum, 0.19 pm, respectively, and CTL thickness was
10.5 pm. Illumination intensity at 580 nm was 5.6 x 10" photons s m”.
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Fig. 4-3-6. The electric field dependence of the quantum efficiencies for thelayered
photoreceptors. CTL was 11.0 um-thick PMPS, and other conditions are the same

as in Fig. 4-3-5.
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B+ & LTEL ZEBahd, B FCIMERAWES FHER Y ~—TiX, CTM
BB BHERZRE>TAZo-FO LETHZ LR TE I, BT PMPS DEE
iX, Azo-FO L DEBELLAINEZIT TR LB ONRS, Zhix, ERLE
X 9 IZPMPSIEE S FOROMBEHRIC L > THEMOBBRENMET T2 Z i
R sLifEREIND,

4.3-4 %@

TVERERTIERNRERE (CGL) LR+ CTM (PMPS) TR N 5T
EOPCOI¥ ¥ U TRAIZOVWTHRE Lo R BMREBHER CIIs IR
BENRho7d, Azo-FO & PMPS ZIRBG L CGM & CTM DOEfi & 0T 2 &
THOTEDBTHI YV TZERTHIZ LB RHEN.CIMLAIARIZ L 557
FL_ULDCGM,/ CIMAE kv U TREFA ) OB ERRE OPCITATF
RTHDHZEPFESNE,
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NEEE L UTORBMBIORRBRRIL, SRR T A ASARE/ENE Z
o, TEGHFTRERRNELDH D, FRIFICER LLETSFERAHR
S (OPC) 1. BREFriEm CEBBOLAE LRS L NVIZE LY, FERE OPC
BEERTCRIATHIEVAEEERDRIL. T LIV TOBBRIAMIZLEAY
BRENTZkdol,

ABFFRIL. OPC DAY & ERAEO B E 2 T, ERILERLTWVWEHE
BEBAAED BT HMEFINE L RNT VB 2 BER AN BRI
LV BT, TONXF¥ ) TREBEBICONWT, BRERFEHOREHZBENL L
TREILEDBDTH D, ZORE. ¥ ¥ ) TIXT7 VEE L EfflERE AL
7o BWTEIETF (CTM) & DT extrinsic IZFEAE L. £FOHLEINESF L~
DHBRETBESISTHD I EBALNICRoT, DI, BET A AD~
A7aRabty ZJHEEIZRBWT. 7 VEE & CTMA FOEMD X v U TREZR
KRESEELTWBZLBALNCRS T,

AETIE, COFEOFTELRERZELDD L L HIC, SBROBELZE LA
RERORBLRRD,

5—1. E—ENOEHEDKRTE

FLE fEm T, KBRXOEETHS7 VER%EZ CGM & LTELEBER
HEDOK X v ) TRAEMELBE LEBAZ OV TR, £, Xxx ) 73
MBS IRT HICELL, TRETIKBFEINTEEAEHEHCBIT A =
ALEMBEOBERNPOE LD TEREITo T,

B2E [TYENIBIT D% ¥ V) 7TRARBBER] TiX. CGLIZT VE % H
W BB OBBRBAEKIZ OV THRF v U TRES R L BEICHE LR, CGL
BEDX ¥V 7RAEZERSF CCGLER T 2RBRBAKLD L LV 135 2TEN
BEEOX LD, TOZ b, TYBRHICTLIZ K > THEINTEY CGL
JSCTLRETHEF Y V TRATDHIZ L HHAONIRo T, HBRDT-D, B THR
MEWE Y ) TRAEDREZ RTELER 7 T2V o0 THRKRER Y
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fToleiER. 7VENRZRTHA S N-CIMIZ L 2RAZIIBD Lol
SO TYEBROEREREZ D LICERBREEDO ¥ ) TRARKZHE
L. BRIGCHBLIZETNVERR LR,

BIE [F ) 7TRARRE] T, BEIN=F v ) TRABRRICEIELR
RIS OWTHREE « BT 21T o7, B3 E1EHTIX. 7Y BERORETREBZHR
RIFER. 7V VEIHEF & CT-nature B FICHETEAR L EZRAWVWELLH
EHREEST 5%y ) TRAIMPICERDIFEERVWE L, F3E2H T,
T EBOBEFRF Y Y TRETA M Rbb CGL,/ CTL A EICBEIY 5 )
BAIBORRICOWTHANL L 24, Y TFRLERDI o7 CGLIZCTM 25 L&
ADEEZRWELE, BIRFIX, BXZS0ABEITNIEXR Y Y TREYA P E
BETE, ZOBRBIIBETRVWI LBALMC 2o, F 3 E3IHTIX, CGM-
CTMBDETBEINKIGE. 7 VO CTMIZ X 2B HEHIEEER - ~— b AHH
ZEALUCRENT L, ZOKIGHEEIREO CTM O HOMO L~V ds b YEEE CGM
DHOMO VA ~DHXFZRETFBHRIETHHZ L ERAOMII L. BIELE
T AFEEFBEHCIVAERLEY I X—F - _TBT7Y— - FX VT
FRMET DR AR T, EORR. COMESARPHFREARICKREFALTVS
TEBHLMNCRY, Ve2IX—b - XTOBERS IR I, B3ESHE
Tix, UEomREZH LT, X3 Y TRESEERGEERICL ) ERILL.,
RBEHORRE(LIRS /T,

BARE BRET A BT DERRBE] T OPCT A ZANDERBEDN
Xx U TRACETIHEBRICOVTRFZMA L, FAE1IHTIX, FIE2
HCRAESNZCIM®D CGL~D LA ZABREZMIT L, EHEARICESHTH
B L7, BAE2HTIX,. CIMLAZADHRIANT CGLAD I F L~UL D ¥ %
Y 7TREVA bOWEY., ETBERERICESOTHEIT Lz, TORR. X5
BEFBHIIRELL7ZCGM & CTM OB TRZ 5 Z &, CTM iX CGMALFIZ%
ELTWARWI L, EFBEIEINBMNICATAZ LR RS ol, HAEIH
TR.7TVER/ RY AFNT 2=V T UBRBBAEED X ¥ Y TRAEZOVT,
ZOEBREERZHMEHE TICHALNCENTZCIMO LAZABRLE X ¥ Y THRAE
YA FOBEPLGT L. BBBAEEOX Y Y TREEM LEDHS L,
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AMAEEHRICE L DD ERDE SR D,

(1) 7 VEBR% CGLICHEM LIBRBROGRD I v U 7TRAX, 7YEEL CTL
W L72CTM & D] TextrinsiciZAET 5 Z L B35V | 3T VA OKIGRIB
BoOBMEIERLE,

) ¥V TRAEMEN LOTHD OPC DERFHEEHE LT, 4FL~UvdD CGM
& CTMOHEEZ P L. CGM-CTMEI D TR F—« ¥ v T EFEIELT i
Wz e agnot,

BFE L LTOOPCIE, HEFEICET 5, Ziid. OPC A T THR S
h, % - KYEBRERTAECLRBEMNORBEL., BRIEF L LTERI
R0 anbTHd, ZDLIIE, OPCT A AT B8V iIARS - G1V 013
BHDHB. AFRICBVTIIEX LRRART VEBLWHIRMICERBL, 20
¥y ) TRABBEONLE - B R 5 OfFF ZE LT, OPC DREZE(L
REHRS 2/,

OPCit, ME—EALIZRII LIeFBNHET NA A THY | hOFHT A 2%
BT REMBIZH D, ANROT VERRBAKICBIT 5mBRERBOVO LD
DEERRFIL, [BEFOMBEE Th D, Zhik. 7 VERHCR-o b D TR,
B1EDTable 1-1 2H 555 L 5 ICRBEOPCIHIZL A LRIEFEZEH LT ¥
UT7RAELTEY, ZOZLR+TTITHBETRETH D, Table 1-1 IZHET bz
[EhiEE FRBEE T NV iX. 37X T intrinsic ./ extrinsic, homogeneous ./ heterogeneous &
DEWVIHBHIZLTH, BEFBELTHABAETH S, TOK—NEE 25
B7eDITIL. ERODEVER LLEFBHETADLDT S0 —F BEBNE
id TR,

WEOLESOEERRFIL, EFBBHNLT Y — - X% ) TOAREZ ST
FRERED [RISE) ORETH D, FHROT Y REXEKTIX. CGM & CTM D
B HBEERS R E UTERT 2 Z L B8 aho e s, AT YEROSE8H b
7YV — X U T7TAERICELTEERREIZHOTWVWAH Z EBHLNCR -T2,
INHDZ Lix, FFOMEREGOHEI DI TEASEROHE~DREEMEZR
LTEY ., oFfdh & BEREERIC RL LI s rmmg I a3, %ENE
HELEDOREYHTH S,
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