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#150cCDT % Table 1 Carbazole derivatives
b= b A B used in this experiment.

L, 2R, BaH
H CH;—CH,

L R b
Qe Qe

0025 NHCI &

AETeb=h) Cz ECz
Bsg2 mlzimzg,
. CHy~CH—CHy H;— CH;=CH;—CH, ~ o, — Ch
3 03y
S oo ro ofo oo
k(15 1) IPCz DCzB DCzP
500ml spicig o
— {CH,— CH VCz Oligl, n =5
Bo R LAAY 7N K [ VCz Oligl n ~m
t I['f]I j f I'f][ j E T :‘I ; VCz Oligll n ~15
Te—X T b n
— AR J—T— DCzMm VCz Olig.
K(7 :3)C2ME A cH
—[CH— CH, — CH CH,—CH
BILHE L. ( ! N~ 600 < (2 |
D LD 5 & @L"‘Jéy @Ch@ @/
t (zhr VCz PVCz VCz—St Copolymer
Ol ig I }_'.‘?_Z)o
H —
m. p.119~123% R CHz—CH
Q
@ B BHEE DAE | n~33
BUE TR " i
Z ’ (%Hz
m. p.113~116%, VCz ~VA:  Copolymer @b
vapor pressure =
osmometer i¢ X PCzEve

BATETI0ODIDRELND. ) T4, BACLY 1 0BEFELOFY T7<— (VCz
Oligl’ ¢4%, m.p.175~185%C) 2bh/k. HEVCz 6.0 § & AIBN 160
mgE 2 %/ —n200ml i ELL L SEMBNIE, BonkR ) <—&T € b HHL,
T b v AEEE Ty — A FS—n—K (9 1 1) T2 EFLBRL ko TOTEK
ek b, 15BEMOFY)T<— (ChxVCz0ligl&d %, m.p.185~1957%,
FFE3400) 5578 bitrko

VCz & xFLvy (St), B =r (VAc) LO*EAKRRIPVCZOBALEARS ¥
»rES (AIBN1mol ¢, ~v+>r1mol /8) S¥¢THBko &/ v—HAKRVCz
VAc=9,/1~1,/9, VCz/St=9,/1~4 /6 CEARE % L FEEMIL, VAc D%
&60¢C, 225hr £ LTSt ®HEL&807CT, 1 5hr & Lke BbhAaR) =—Rr¥
y— % LY TPVCZ A EHKY =—%SBBREL AL Bic VCz FARICL V&>



AT & P RBEE, XrEr— T b IHE A F S —ARBERCTRL, BRRBREL
7o

RY—N—par<vyYyrzFrer=arz—Fir (PCzZEVE) O&FICEEL TIRRIE 2.2
iEdo

BHERETEERC L DB UTEA L.
2.2 PCzEVEODAL

T/ =— (N—pry)rzFrr=nz—Fr, CZEVE) O&F. Cz 7)) v aif
ETFUSARTA N DA AT e O — L 5 Sk ALY S ) B S —
ErDhoazu< bl T, CZEVEOSHR I —Er=arsAFrt=irz—F
»®%ﬁ“>&ﬁmwﬁ&mibﬁokoﬁ»xf—w—g—lﬂ/—wlog<a047
EA) , AVTFAE=AZ—FA100ml (0.77=2r) FLUTEBRAELOIX=0O
7o RaPCHEBELUANSEEL, 24BBBcI Yy FFrE=rz—F5 0ml LER
KERO0.5 §xBML, Bic2 4 BMBHERT 5. TORI Y 7Frvarz—FTAiBE
L, RIEE > ) hon— Ry ErDh5asn= bichld, 5.6 ¢ (50%)DCzEVE
WELND, Va4 ryhblEBEET 5, 409 (36%)m.p.780~80.5C,
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54 ~56 T triplet Cz—CH:—CH:—0O—
58 ~62 7T multiplet —CH;—CH;—O—CH=CH.
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®=HME C81.05, H6.27, N585%
#HEfE C80.98, H6.37, N5.90%
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Table 2 Polymerization of CzEVEa)

No Temp. Time Polymer yield(%) Properties of soluble fraction

°C hr Soluble Insoluble S.P.b) ”SP/CC) Mol Wt
5 20 5 30 30 140 - 150
6 50 5 26 33 148 - 160 7000
7 -15 15 70 0 118 - 125
8 20 12.5 55 trace 127 - 140
9 0] 12.5 60 trace 114 - 125 ; 5000
13 -25 9 78 0 137 - 148 0.036
14 -78 3 0 0
15 -40 3 74 0 117 - 124 0.023
16 0 3 66 0 120 - 126 0.016
17 20 3 51 trace 130 - 136 0.012

a) Monomer concn: 0.2 M, solvent: toluene, initiator(BFSOEtz)

concn: 3 mol% to monomer for No 5, 1 mol% for No 6-7 and No 9-17,
0.5 mol% for No 8.

b) Softening point(°C), S.P. of insoluble fraction: above 300 °C.
¢) 0.14 g/10 ml in benzene at 15 °C.

2.3 WEFE
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oo BIHEKEE LTS 0 0OWBEARS v 72 A, HETFHI7A2— BHFTRTA
A AP X SRR T A b 2~ BNTRERE L. BHENXD 9 0° FROREXELE
FHETARE (A1 3 9 TRENIEREHBOSNER) L bANRLT, RE1P28
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BEymRLTHH, —HDCzP TR, ¢
EemMUTHD0 BRBRERRZLL
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~z prk, DCZP L hRIrLAB, Cz
DER =~z b il T nd.Thbid,
I {FENLRATWD. & ORR =
R pMCHT B T XA BREORE
05210 LEARCERI LB, W b
DCzBCtDCz 1 4 h DE#EE—CH:
—CH; OEFHEMHRZ T ELEY
ElLTasoienlL T, DCzPTDCz
Bl1orkyoEHEE-CH—(CHe)i e
DEFHEMRETH 2D LELLN
5. DCZMTIR—(CHz) 42 BETFHE
HOBHBIE TR IL>TNBIDTHED 0
VCzOlig 1l (5 &%) TRBIER
BEERDCZPOBEIY RCERE YT

1 ECz
2 PVC: 2
3 DCaP

4 PCHEVE
5 VC0hig (10"}

Fig i:w wmun:' v @ ol
UV Absorption Spectra of PVCz md its
related Compounds in Ethylenechioride

Table 3 Absorption data for PVCz and its related compounds.a) Absorption maxima are

1 -1

given in mu, and extinction coefficients (parenthesized) are given in 100 M cm

Cz 334.1(32.3) 320.8(36.4)
ECz 346.8(41.2) 332.3(36.4)
IPCz 346.3(40.6) 332.0(35.5)
DCzB 346.0(44.0) 331.5(36.5)
DCzP 344.8(40.8) 330.8(34.9)
DCzM 335.8(43.1) 322.5(37.2)

vez 0Tig I 343.0(31.1) 329.5(30.4)
vez 01ig T 343.8(33.9) 330.5(29.1)
PVCZ 343.8(31.4) 330.5(26.5)
PCZEVE 346.2(36.2) 332.2(31.9)

292.3( 172) 255.7(194) 235.3(434) —

295.3( 154) 263.8(224) 237.7(430) 232.2(360)
295.2( 157) 264.3(242) 238.0(436) 231.3(352)
295.0( 156) 263.0(216) 237.5(473) 231.7(400)
294.0( 153) 262.0(198) 237.7(453) 232.2(391)
291.8( 153) 259.0(125) 232.7(450) —

293.5( 118) 260.8(147) 236.2(350) 230.5(362)
294.2(98.4) 261.2(123) 237.5(309)* 230.5(366)
295.0(88.3)  261.2(115) 238.0(250)* 229.7(304)
295.7( 116) 263.2(164) 237.7(322) 232.0(311)

a) Solvent: ethylenechloride.

*) absorption shoulder.

FLTWA L, AFEEFBRKIEFRLLTNE, VCzOLlig ' (1 0 EH) TR, BEE
KEER, S5B4LVEFREEMcDY, DCzP LF YR TS50 HFRARER,
5 BADEA L VECHRILTV S0 32 BaRREOHAELLTEY, ECz OBED
236mMmeHAEDE— IRy a v F—E75TBDe PVCZ DRINR~Z b id, BRIEK
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BER10BELZ YFA LTINS TFEARKRECEASLTN5.PVCz2VCz Olig
DOEs, Cz OBMEOEFSHIR, DCzZBOLHEE LAV I 2:0vb 53, BIEX
HERDCzZBL vEHERMCDH b, L3 A TFRARKOBEEZERBINA LN LD GPVCz
2VCzOlignHa, CzEOBREOETHEMOYRUNDOIRN LREECZROME
R 5L EL bhbo PCZEVEDRIX = ~7 b 4, PVCzRKUVCzOligl” &b
12#:LAECz, IPCzRUDCzBORE 2~Z bt 5%, AL, PCZEVEDHE,
BB B, BAFEFMEAWOLhEAMUITH Y, FFRAEREOR P BE & .
PVCzic { HNTEL ATV

emaxD Bzt b, T D EEASHORT, REGREICEDLRD b Z 5RO CRET
RE fAROUBETBE Lt Lo F4WT, ECz, IPCz, DCzBEC DCzP D%
BTHRER, RBRINFEL, @EYRLTH501KL, PVCz OREFRER, SRR T,
TNRLORBFHREDS 3~7 6% Td Y, PVCZERTRBRIGREDEL WBA2ELT
W5,VCz0ligTid, 10EHDHAE, MEDE NFRMOERSHFRETDH Y, 5EERD
BAR ECz B EX WV ETHIWITS 5. PCZEVEDHA,33 BHAT H 5 3VCz0Lig!

(4 ERR) LABREOREFARETD %0

Table 4 Oscillator strengths in so]ution.a)

Material Ly T, Ly T8, Total

ECz 0.0460 0.118 0.208 0.717*% 1.089

DCzB 0.0462(1.00) 0.115(0.98) 0.189(0.91) 0.773(1.08)* 1.123(1.03)
DCzP 0.0440(0.96) 0.116(0.98) 0.179(0.86) 0.734(1.02)* 1.073(0.99)
vCz 0lig I = 0.0419(0.91) 0.109(0.92) 0.135(0.65) 0.650(0.91)* 0.936(0.86)
vCz Olig I  0.0380(0.83) 0.089(0.75) 0.122(0.59) 0.656(0.91)* 0.915(0.84)
PVCz 0.0351(0.76) 0.081(0.69) 0.110(0.53) 0.492(0.69)* 0.718(0.66)
PC2EVE 0.0427(0.93) 0.104(0.88) 0.173(0.83) 0.626(0.87)* 0.946(0.87)

a) f= 4_.32x10'9fo_63£(6‘)d0‘, where 6“], and G, are effective wave number Timits.
The numerical values parenthesized are the relative oscillator strengths compared
with the values of the monomeric model compound. *) 6‘2=45000 cm71.
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Table 5 Energy transfer by exciton diffusion process in polymer

films.
No Host Guest 'qH ’YIG Cg x 1000 1/C
1 PVCz a) Perylene 0.03 0.3 1.5 670
2 VCz-St copolymer ) " 0.047 0.4 1.6 630
3 VCz-VAc copolymerc) " 0.03 0.3 1.1 900
4 VCz-VAc copolymer " 0.035 0.35 1.9 530 -
5 PVCz d) DMTP 0.03 0.036 2.9 350
6 VCz-St copolymer " 0.03 0.036 3.3 300

VCz mol% : (a) 79, (b) 91, (c¢) 83, and (d) 93.
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Fig.14 QH vs C for PVCz and VCz-copolymer films
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Table 7 Apparent CT absorption maxima.
DonoT Acceptor Vmax/em™!  DVmax/cm !
ECz TCNE 16810 —
DCzB 16950 140
DCzP 17090 280
vCz Olig I" 16530 -280
PVCz 16260 -550
PCzEVE 16530 -280
ECz TCNQ 17120 —
DCzB 17120 0
DCzP 17330 210
vCz Olig I 17010 -110
PVCz 16860 -260
PCzEVE 16640 -480
ECz CA 18830 —
DCzB 18980 150
DCzP 19120 290
vCz Olig I 17040 -1790
PVCz 16840 -1990
PCzEVE 18690 -140
ECz DDQ - 15720 —
DCzB 15800 80
DCzP 15820 100
vCz Olig I' 11790 -3930
PVCz 11770 -3950
PCzEVE (15270) (-550)
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Fig.19 Resolution spectra of
CT bands of ECz(1)- and PVCz(2)-
TCNE complexes.
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Table 8 Multiple CT band maximaa)
1

Donor Acceptor Y. /cm = ) Jem ! 3y, Jem LQ}/cm_l A, /A
1 2 12 1 1°°°2

ECz TCNE 13580 17400 3820 0.54
DCzB 13550 17400 3850 30 0.48
DCzP 13650 17400 3750 -70 0.40
VCz0lig I! 13500 17400 3900 80 0.58
PVCz 13350 17400 4050 230 0.64
PCzEVE 13650 17400 3750 -70 0.54
ECz TCNQ 12800 17100 4300 0.20
DCzB 12800 17100 4300 0 0.17
pCzP 12900 17300 4350 -100 0.17
vCz0lig I' 12750 " 17100 4350 50 0.25
pPVCz 12750 17100 4350 50 0.29
PCzEVE 12700 17200 4500 100 0.11
ECz CA 15350 19250 3900 0.34
DCzB 15350 19250 3900 0 0.20
DCzP 15450 19250 3800 -100 0.25
vCzOlig I 15400 19250 3850 -50 0.63
PVCz 15500 19250 3750 -150 0.76
PCzEVE 15350 19250 4000 0 0.34
ECz DDQ 11700 15900 4200 0.32
DCzB 11700 15900 4200 0 0.30
DCzP 11650 15900 4250 50 0.27
VCzOlig I 11500 15900 4400 200 1.4

PVCz 11400 15900 4500 300 1.7

PCzEVE (11000) (15300) (4300) (700) (0.27)
ECz TNF 18750 22900 4150 0.43
bCzP (18750) (23000) (4250) (0.41)
PVCz (18750) (23000) (4250) (0.49)

a) Vl and 3}2: CT band max1ma,Ay12 = Vl -V, A)}l = )/1 - leCz’

\1/A.,: intensity ratio between the first and the second CT bands.
172

Table 9 Temperature dependence of apparent CT absorption

maxima of PVCz- and VCz0lig I—CA complexes.
Amax  [mp1*
2°C 5°C 10°C 20°C 35°C 60°C
VCz Olig I 590 586 585 573 556 —
PVCz 597 595 593 588 585 567

* [Dg} = 0.156 mol VCz unit/1, [Ae] = 0.007 mol/1
in dichloroethane
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Table 10 Ionization potentials of ECz calculated from
CT absorption maxima.

I I Acceptor Formula* Solvent Ref.
pl p2
a or ¢; b or <,

7.53 8.07 TCNE II 0.87 4,86 CH,C12 68
7.49 8.00 " I1 0.92 5.12 " 68
7.35 7.92 " II 0.83 4.42 " 69"
7.35 7.97 " I 6.10 0.54 CC1y 70
7.50 8.10 TCNQ I 6.10 0.25 — 71
7.33 7.89 CA I 5.70 0.44 CCly4 72
7.37 7.97 " I 5.85 0.58 — 71
7.72 8.21 " IT 0.89 5.13 CCl1, 73
7.65 8.23 TNF I 5.61 0.58 — 71
7.34 (8.15) PMDA IT1 0.87 3.91 CCl,4 74
7.58 —~ TNB I 5.00 0.70 " 72
7.67 @ — " I 5.29 1.12 —_ 71
7.97 — 1" I1 0.89 4.25 CCly4 753

*
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Table 11 Thermodynamic constants of CT complexes in CHZClCH2C1.
Donor (Do)  Acceptor (A.) € K at 15°C -AH ~ -4S
3 max 1

M 10°M  cm/M M Kcal/mol e.u.
ECz 0.02-0.2 TCNE 1.5 2500 2,78 3.20 8.9
DCzP 0.04-0.18 1.5 2500 1.82 2.45 7.0
VCzOlig I . 0.08-0.3 3.0 2600 0.73 2.50 9.4
PVCz 0.06-0.3 3.0 2200 0.61 2.86 10.9
PCzEVE 0.04-0.2 3.0 2400 1.86 3.04 9.6
ECz 0.04-0.13 TCNQ 1.0 2600 3.51 3.75 10.8
DCzP 0.04-0.16 1.0 2600 2.02 3.16 9.8
PVCz 0.08-0.30 3.0 2500 0.89 3.20 11.4
ECz 0.06-0.2 CA 3.0 1720 1.28 2.96 9.4
DCzP 0.06-0.2 5.0 2500 0.76 2.79 10.1
VCzO0lig I' 0.06-0.2 6.0 1520 0.56 2.94 10.1
PVCz 0.05-0.2 6.0 800 1.02 3.54 12.0
ECz 0.02-0.1 TNF 2.0 2000 4.45 2.59 6.3
DCzP 0.03-0.18 2.0 2080 3.84 1.83 3.7
PVCz 0.05-0.2 3.0 1200 2.07 2.35 6.7
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Poole-Frenkel plot of dark conductivity us. applied
field for the PVCz sandwich-type cell.
(1) 84 thick, 27 °C, 15 min. after application of voltage.
(2) 15 g thick, 27 °C, 15 min. after application of voltage.
(3) 24 u thick, 27 °C, 15 min. after application of voltage.

(4) 15 p thick, 20 °C, 20 min. after application of voltage.
(5) 15 p thick, 20 °C, steady state value.

Table 12 THE fyp VALUES OBSERVED FOR
THE PVCz FiLMs

f_hli;g]l::lless Ber Observed® Bpp Calculated
8 4.3x1078eV (m/V)12
15 4.4x107%9 4.1x1078 eV (m/V)1/2
24 4.0x10°s

a) Measured for the dark current in 15 minutes after
application of voltage at 27 °C.

b) The same value was obtained for the steady-state
dark current at 20 °C.

E,=E, — leog{(Na—Nﬂ)/N&} (16)
P = {N,(N,—Ny)/N,} exp (—E,[kT) an
oo = Pgty = {quN,(N,— N;p)/N,} exp (— E,[kT) it

(T Tup BRA—ADBBETHD. )



P = {N(N,~ N,)/N,} exp {— (E,— BerEV®) [kT} 19
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Energy level diagram explaining the dark conduc-

tivity in PVCQz sandwich-type cell.
@ = The symbols E, (=0), E,; (=0.1—-0.3¢V), Ei,; (=2eV),
E, (=1.0—13¢V) and EF express the potential energy of
PVCz ¥ > F19F -t LDREE each level measured above the valence band edge. The
values in parentheses were obtained from the activation
ik, EERTR, #—3y2T energy for the dark current. The symbols Ny, Ny;, Ni,, and

B0, SERACHMERD 4% e expres the density of each level.
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Spectral dependence of the photocurrent of the fresh

film in a surface-type cell for the light of 2 x 10'® photons/
cm? s under 3000 V/cm at 23 °C.
(1) first run in hlgh vacuum, (2) after heat treatment at
120 °C for 10 hr in high vacuum, (3) first run in the air,
(4) after standing for a long time in the air, (5) absorption
spectrum of the film 15 g4 thick (The absorption spectrum
of a film 3 y thick is also given by a dotted line order to
show the n-n* absorption band).

Fig, 3 8 Wavelength (mg)

Spectral dependence of the photocurrent in surface-
type cells of the pre-treated films for the light of 2x 10
photons/cm?s.  Effect of the repeated illumination of near-
IR light was investigated. 3000 V/em in high vacuum at
20 °C.
(I) The photocurrent of a UV-light irradiated film was
measured from the wavelength (a) to (b). (II) Immedi-
ately after (b), the photocurrent was measured in the near-
IR region from (c) to (d). This shows that the repeated
illumination with near-IR light lowers the photocurrent
progressively to the curve (I). (IIT) a film irradiated with
y-ray (2x10°R). (1V) Fresh film, for comparison.
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Photo and dark currents (A)

“5162.0 2.‘5 :O * 35
Fig.40 1000/T" (1/K)

Temperature dependence of the dark and photo
currents in a PVCz surface-type cell.
A film irradiated with yp-ray (1 x10°R) under 3000 V/cm
in high vacuum. 1, 2, and 3; first, second and third heating
runs, respectively.

Table 13 ACTIVATION ENERGIES FOR DARK AND PHOTO CONDUCTIVITIES
(4E, aND AE ;) v A PVCz SURFACE-TYPE CELL®)

- 4E (V)
E E,
Sample AE, (Visible ligﬁt Humination) (UV lightA illimination)
—_ Pl -
low high low high low high
Fresh film® ®) 1.0-1.3 0.06020 071.0 0.16-022 0.16-0.22
(120200 °C) (20120 °C) (~200 °C) {20—120 °C) (~200 °C)
Fresh film® 0.7-0.8 — 0.3-0.6 — 0.5-0.6 —
(50—120 °C) (20—120 °G) (20—120 °C)
Film irradiated with UV light? 0.47 0.80 0.20 0.70 0.23 0.68
(50—100 °C) (80—200 °C) (20—100 °C) (~200 °C) (20—130 °C) (~200 °C)
Film irradiated with p-rays® 0.4-0.5  0.8-1.0 0.24 0.40 0.23 0.40

(40—110 °C) (~200°C) (20—130 °C) (~200 °C) (20—140 °C) (~200 °C)

a) Activation energy (4E) is represented by the equation i @ exp (—AE[T).

b) Only on the first heating, a fresh film showed a small dark current similar to the thermally stimu-
lated current at this low temperature range. Thereafter, the current was too small to be measured.

¢) In high vacuum under 3000 V/cm.

d) In air under 3000 V/cm,
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Voltage dependence of photocurrent in an Ag-PVCz-
Nesa sandwich-type cell. In high vacuum with nesa
electrode illumination.
(1) peak value of iyn* at 330 my, (2) steady state value
of pr* at 330 my, (3) steady state value of ipn~ at 330 my,
(4) ipn* at 500 my, and (5) ipn~ at 500 mp.
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: Photovoltaic current in an Au-PV(Cz-Nesa sandwich-
type cell.

(a-) Au elecirode illumination. The photovoltaic current
always flows from Au to nesa in the bulk. (1) in high
vacuum, for the cell which has not been exposed to air
after the evaporation of an Au electrode. (2) in the air.
(3) in high vacuum after exposing the cell to air.
(b) Nesa electrode illumination. (1) in high vacuum, the
photovoltaic current flows from Au to nesa in the bulk,
(2) in the air, from nesa to Au at A<380 my and from
Au to nesa at A>400mp. (3) in high vacuum after
exposing the cell to air, from nesa to Au at 1<{420 mp
and from Au to nesa at 1>420 mp.
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(b) syndiotactic 2/1 helix

(a) isotactic 3/1 helix

Fig. 53 Helical structures of PVCz.
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film 1 g thick.

PVCz®D # 4 3%k, TCNEFT1,/30&, %



7, DANZFET 1/5@ gk
BhBH, FLOERER
BRI N7 » foo TMPD,
DMIP XU P—=pnu7F
=Y F—T7 7 Ans T,
PVCz D & 14k, 1,710
~L/100cEtah, B
B ERCH U ST 534
T 5. TMPD 3 Mo —
Hedh, <YrrEiif
A—RFNFT7 E2 VL
TMPD®Dx=%¥%4 vy
7 RD & 4FE0E DB EHE
BicEaan T B
#-T, TMPD%TO,
21000em DHLWERL
%, TMPD& Cz %[
EDTFY 4TV .y 7 2DT A4
tTesLEL L. DMIP
FReELTR, BIREIET
HBNFo P—=brT=Y D
AAMERF > %»n138.85
eV (=) ey, v
F—TRIELLLEBT2 &
TE—ELTERLTW 5D
Ll p—=terT=)
YRTCOTRBPOFHFLWFE
KR, FFAT vy s RS
4053 Lo,

Photocurrent (A)

4 E =
OB AW T BT
N— FTZ T E— FLTH

HAFOIBCKATE, FLT
N7 4 ADIEEMEL D
3 n—TeR T bhbe

2.0

10

0.5
0.3
0.2

Absorbance

-l

0.05
0.03
0.02

0.01

R , R R ,
250 H00 550400 AE0 500 BED w00 GhT T TT0 70 00

Wavelength (my)

Fi g. 58 Spectral dependence of photocurrent in a sandwich-

type cell of a PV(Cz film doped with TCNE under 35000
V/cm in high vacuum at 20 °C.
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EAH 7 AT CZ2RE protocusrent of the copolymers of VCz with negative

—D s A4 electrode illumination.
FNeoHo=®y 1~ K1) PVCa, (2) VCaostyrene (15 mol%) copolymer, (3) VCaz-

DERIENDDC, %+ v —£fK vinyl acetate (17 mol%,) copolymer, (4) VCz-N-vinylpyrro-
lidone (20 mol9%,) copolymer.
CREBEFTHD LEL LILDICH D

Photocurrent (A)

Table 16 PuorocurrENTs OF THE COPOLYMERS OF VCz

Magnitude of the ph Tent, X 10"13A/cm?
with neagtive electrode with positive electrode
Polymer Humination illumination
330my, 360my 400myy 330my 360my, 400my,
PVCz 120 900 35 300 2000 80
VCz~Vinyl acetate 24 120 7 - — —
(8 moly,) s ars /)
VCz-Vinyl acetate 7.1 58 3.5 — — —_
(17 mol%) (1/16) (1/15) (1/10)
VCz-Vinylpyrrolidone 4.4 42 0.6 12 . B0 1.6
(20 mol%) /25 g/ 4 (/5 (3 (1750
VCz-Styrene 17 130 2.3 23 290 3.0
(15 mal9) @ am a8y
PVCz doped with polystyrene 56 540 20 160 800 35
(15 mal%) /2 o8 (/.7 /2y (/2.5 (12.5
Alternate 1:1 copolymer of VCz and FN [ 0 0 0 0 0
Values in parentheses represents the factors of d in the photocurrent as compared with the ph of PVCq.
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Fig.62 Voltage dependence of photocurrent
of VCzolig I' and PCzEVE in a high vacuum
at 25°C. 1-6: VCzOlig I'(0.10mm thick),
7-8: PCzEVE(0.15mm thick)

1: 420nm, positive electrode illumination

2: 360nm, positive 3: 310nm, positive
4: 420nm, negative 5: 360nm, negative
6: 310nm, negative 7: 360nm, positive

8: 400nm, positive
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Fig.63 Spectral dependence of photocurrent in
a sandwich-type cell of VCzOlig I' (0.1lmm
thick) in a high vacuum at 28°C.
1: positive electrode illumination, 11KV/cm
2: negative, 11KV/cm  3-4: positive, 41KV/cm
5-6: negative, 41KV/cm 7: transmittance of
a cell  8: absorption spectrum of a film(1lp)
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Fig.64 Spectral dependence of photocurrent in a
PCzEVE(1-2: 0.15mm, 3-4: 0.07mm thick) sandwich-
type cell in a high vacuum at 28°C.

1: positive electrode illumination, 10KV/cm

2: negative, 10KV/cm 3: positive, 45KV/cm

4: negative, 45KV/cm 5: transmittance of a
cell 6: absorption spectrum of a film(1p)
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BEOFIME LHABRRESAFEINLTNITh ED, B/ ~—LOHBEALC XBHBR
i, FRHEIATWEV. —F, BE<SH1 7 )—> (MG) ORYV=—T35K)
=n=SHA b)Y —>r (PVMG) &, #2%/ —nBRFPTMGOREGE Ofluc 59 0meic
Vs B BB LW IR 2B S T 520 £ OB LRI IR, MG 0 &2 O RINT 5
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I, L SRS ICE DEA LABES, MG &R BIORIUAREE LRB-IERS R0l ¢ & 5.
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2 £ B Table 17 Materials

2.1 FEBRCBWAWE (E17)

PVCz B FIED & D% Fico MG H-CH,
R, FEEY Lewi s OBEE & b, (CENAD) ?:1;©- NICH,
BB 2 2P VMGRRD &> L (VCa) (MG)
TE&MLke VMGH LY/ — 1%L H=CH:
RICRENAR L ZDA T BN % it &
Lo v mmaesans oce  CRNO) OH N(CHL)
1 0BHs s HLrELSIE Bbhk (VMG carbinol)
PVMGHr ¥/ —AHR ¥ — 3 ~CH-CH~ PVCz: -A-A-A-A-A-
£/ — L CRELE P 3 BEL B (express as A)
Lko TOPVMGH MY/ —2 5 VCz-VMG copolymer:
FE13000TD D, TRSIHRERR, ~A-A-A-B-A-
B X C—B Lo PYMGH 2 cman-OrOrem, o o
¥/ — DR BEIRC 0.3 NaEK c®
BAETHFERYFHEED 1.7

~CH-CH~
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LHBEWEDRL, RPRIVFENTHRV. T, 7727 a> 1R, VCz—VMGHES
HDBEEATVS. 757 Varlid, HEGEDOMIZ PVCZEEA TIN5, £FAHKD
AFER, 752va>1TH20000TH 5,

Table 18 CororyMerizaTION OF VCz WiTH VMG CARBINOL®

Monomer molY, Fractionation VMG molY%, in
No. in feed Convc(e,/rsionb) % Fraction
rm—— e e N e —————
VCz VMG carb. ° ) 1 1I III 1 I 111
1 100 0 97.0 (100) ()]
2 99.9 0.1 92.0 0 100 0.073
3 99.5 0.5 94.6 8.8 86.7 — 1.02 0.15 —
4 99.0 1.0 94.4 11.8 75.3 — 1.48 0.25 —_
5 97.0 3.0 92.6 13.6 60.5 — 3.4 0.37 —
6 95.0 5.0 86.0 31.0 36.1 — 3.0 0.46 —
7 90.0 10.0 76.6 39.5 27.8 30.9 4.9 1.24 4.7
8 0 100 : 54,3 (100) (100)

2) Solvent: benzene, initiator: AIBN, Monomer conc.: 0.5molfl (in No. 1—7) or 0.25mol/! (in No. 8),
AIBN conc.: 0.01 in moiar ratio to monomer.
b) This is the yield after the reprecipitations three times.

2.2 E
BEAZ A rvaid, REYRIELASHORCBERRERCL D, #BELAL (EEH200).
PVCz—MGRUFPVCz—PVMGROH A MGXIL, PVMGD # 2/ — BB 5wt
% PVCZzDR> ¥ FRECHTFLC (RyEr i A2/ —A=20 1) 74 rsBERE
W e Utco 37 VC2-VMGHEAKDBAR, LBO7 52772 1D5 Wt G~y

B x v
K6 5icREEMNBBEOHEEBDBEEYRT. 7Ara@aurHEBICL Y, EXNRE
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Fig. 65 Schematic arrangement of the measurement of the photo-decay of surface charge.
a) Copper plate with photoconductive films charged positive or negative.

b) Supporter

for a copper plate. ¢) Probe of the rotating sector type fieldmeter. The signal is
amplified and fed to a recoder. d) Toshiba’s filter UV39 (390 mu<C), if necessary.

e) Water filter (2 cm thick).

UVERR R~z b r
B6 6icPVMG, VMGXKU VCz
—VMGHEAFDOBHE T ORI 2~
2 b aEFET. ThOOBROBRERR
BERUCZOABN T O 5 F &t FE
capp *#1 9CFRTMGD570 me
WHREOBN Y = & —1k, MGORBEH
faéic K&/ b, 618me, RO
426mueDERE—sdD capp BRI
P35, Thid, fOsF+rEERE
EE AXRKLBOERC LDDTHY
VMGO2Z&3d Rk O E8 % K7
PVMGO#%4&, 57meD&aH|OR
IRDF, 620medEEEOLTNLD
BLA->TH Y, 570meRDGAER
BE (0~50%C), @E (5X10-°
~5X107*mol /g it Lo TREAE
EIL e PVMGI AT EEMG
FFOEMHIE, SEHFETERL ST
WOTHA I,
3.2 REEMBRBEOERR
FREEBMBEHZED 1 fl2H6 7 (a)c

f) 500 W xenon lamp. g) Monochrometer.
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Fig. 66 Wavelength (my)

Visible absorption spectra of MG dye
derivatives in solution.
— — MG, 8.9%10-¢ (i>500my) or 2.0x10-%
(A<500 my) molf! in 0.02x HCl methanol.
—i— VMG, 9.0x10-¢mol// in 0.0l~x HCI
THF-methanol (97 : 3 in volume ratio).
—— VCz-VMG copolymer (No. 4, Fraction II),
1.6 x10-8mol{! in 0.0l N HCI-THF-methanol
(97 : 3 in volume ratio).
PVMG, 2.6x10-%mol/l in 0.01nx HCI
methanol.



Table 19 VISIBLE ABSORPTION MAXIMA Amsx AND APPARENT EXTINCTION
COEFFICIENT 8pp OF MG DYE DERIVATIVES®)

First Second
Dye P
Amax Eapp Amax €app Amax Eapp
MGP) . 617.5 9.83 426 1.81
VMG®) 626 7.3 452 2.2
PVMGP) 620 1.5 570 2.1 440 0.94
VCz-VMG 620 5.6 440 1.6

copolymer®}

a) Amax [my], Eapp [x10% cm-1/mol]
b) in 1Xx10-2x HCl-methanol solution
¢) in 1x10~2x HCL-THF-methanol solution (97 : 3 in volume ratio)

Rt REBMOMES, KL - TRDOINB &5 H#EL LY, ZnOO%T, 2%
22=Nbic & § PVCz 2 & LA amo %<, %) #EInTn3.50%Ts,
M6 7MCRELAIM, BRAWTITSOT REEH e« OERHNT, BELTAT S
st Lo

V=V exp(—atl/z) o8
LTV, BEEIt CORTEL Vold, MMIREEL, LT R, REEHTS5.

3.3 BEEBNTLIARSHEEROE o T T T T ’
® > 10 , lighton
Ee68imLikdie, BESEEN 3
i, EEEEECLLT, BED L
F(Lf\o 390me & ) BBEDT g | |
M- FAMOR LY LAROUTE S
Bx a L, ¥k, ¥t/ r7¥ Oyt % ¥
THELLOEHEBHLARORE Time [min]
% any LT 5691 a K —c - . .
T o, BRSEEOBEEFT L N S
ETD T4 A ATHRT ary RIK e = dark
Hic@REHE0 1A THEREY :; 50 i
AL, ZTOEIR PVCz—MGE>V(Cz :E °\
— VMGHEA#RES>PVCG—PWG ¢ AN
ROBCDE, EEROGORRES T SN ]
ats Xiza e & LEHBEORD
FhRx a1, XRira e T 5B a1 9% 0?1 E fo 2’_0
R oas & D\.%L CREWD, @ty Root of time, /77 [mint/%]
Ra v l@SsEUETH3, Fig.67 Decay curves of surface potential.

M=y F oy ETHhE T
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RBEXRETFTTOUVHDOFELE
T REEAD. 2O aLgy &BFE
EEE L OBEBREE 70T RT &7 1,07
BEESEROEMCHEN, THRE
L, 0.05~0.1= A% THRKEAN
FDHBBED LTBo a1, ovidPVCZ
—~MGEZEUTPVCz—P VMG Ric it
TR, BESHERLECRERBCESL
T\wboe UL, VCz—VMGHES
HEERTR, atior REEOERD
EOHAL LD, BELIBDSL, 0.1
EAGU ETREY—FE &7 - T,

Decay constant ay [min~12]
(=]
[

0.1

Birakz MGXBPVMG) =& 0 05 10 13
A BA L, HHTHEELYRT. Dye content -[mol%]
= Fig.68 Dark decay constant versus dye content.
3.4 BEEMOBERMEFYE & -—Oi- VCz-VMG copolymer

. —-@-- PVCz-MG
%é?‘tﬁﬁ%ﬂ‘TfDi&ﬁﬁﬁ @,m KR — %~ PVCz-PVMG

Decay constant aj,i, ay,v [min-1/2}
1
Decay constant ai,yvy [min~/?7]

4 0 — i {
1.25 O 01 0.2 0.3
Fi g.69 Dye content [mol%] Fi g.70 Dye content [mol%]
Decay constant versus dye content. Decay constant versus dye content.
aiLe al,v Systems —0O~ VCz-VMG copolymer

—@— —{J— PVCzMG —~ PVCz-MG
—@— —QO—  VCz-VMG copolymer —A~— PVCz-PVMG
— A —A— PVCz-PVMG Solid lines show a value when charged positive
Solid lines show « values when charged positive and dotted lines show a values charged nega-
and dotted lines show & values when charged tive.

negative,
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Fi g.71 Spectral response of decay constants normalized for the light intensity at 365 mp.

Charged
—_— System
Positive Negative
—_— T PVCz
—e— —O—- VCz-VMG copolymer (0.085 mol%)
—g— - PVCz-MG (0.1 mol%)
R —_—AA— PVCz-PVMG (0.1 mol%)
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—~ VMG £EAGFE>PVCz—PVMGHRODIETS %,
4 B =

700 aLuv i, 744 2DEREHBHT, UVEORBIC X WER LR * x J ¥—233
SRR EOBBRCH- (BET A LICLIREENOBERDORETS 5. AREE
BRCRTIE UV LD 74 v aREBATERLAT » ) ¥—1E, 51 22 BBFE,
% ORIIERILC & D0 7 RCER LA S 2 ) YL BRALAD, VR, BEAT
M) X—F Ty F7ELTHERLAY TR, SHBRCHECE S+ ) ¥—i, RE
CHEBRLEF v Y ¥ —DFO—MOBERNEEL bR, ThEHLTEZEEET 2LV
PVCZRRTR, “A7HRTOF 5 ) ¥—OBRHELLI 5y TRA~O 55 7LD F
X ) T —DHEER, BRESTLRIC HNTHRMe o TRETERLF ¢ ) ¥ —DD78
Y DI, WAEEETBHTE D L EL BN Do M7 0ILRT Hov BERIFHER
ORINC L VELLBRALTVWHDR, UEDBEAIL IZDTHD 5. ZOLSeHEihid
VCz—VMGEELSKDSHE, VMGOLBOHAL LD a ruv 2EL(BLLTHEER
B, BEHSFLIESCL Y PVCZHEPCHEA LGS, ¥+ ) ¥— v 2BB T, &
HARU LTy TEATD L 5y 7k Y BRT 5840, BcBRERIRE LAEHE L
ZL{REWERZTRBRL TN Do

BEITFD, Fx ) ¥—OAA7 FOBBEHEL TV HER, wDEERC L b, HicHL
HTHDe BEH202DPVCZ 74 v 4D ke, Fie PVCz—MG 3 5 Wik, VCz—VMGHt
EOhEHL tOERCER LTI (ChERB—7 A v 4 bFET LT 20 ) &
COEEBOLEBE LR UBEDGREY A 2ICH—C ORI —T7 411 £LT, RE
BROBEREE Lk. LDOBREYE2 01eRT. PVCz —MGHRRUVCz-VMGHEEHK
Zie, @ LUV OfER, FE—7 A ARBTBH, H—7 4 raieFTs L -
T b, BEATR, Fx Y ¥—OBBEHEL TNDET LD 5

Table 20 COMPARISON OF @ VALUES OF HOMOGENEOUS FILMS WITH THOSE OF INHOMOGENEOQUS FILMS

Dye

Systems content ®TLY  @TLy atyg a"1,y  atiLuv aTiLuv
PVCz-MG molY%, min~1/2
homogeneous 0.1 3.7 4.3 4.2 4.7 0.5 0.4
0.3 1.8 1.9 2.2 2.2 0.4 0.4
inhomogeneous 0.1 6.6 4.3 9.2 4.9 2.6 0.6
0.3 5.6 4.8 7.0 5.4 1.4 0.6
VCz-VMG copolymer
homogeneous 0.087 3.7 3.2 4.2 3.3 0.5 0.1
0.127 3.8 3.8 3.8 3.9 0 0.1
0.27 2.6 2.1 2.7 2.3 0.1 0.2
inhomogeneous 0.087 3.5 1.5 5.0 1.6 1.5 0.1
0.127 3.1 1.4 4.8 1.3 1.7 0
0.27 3.7 1.3 4.5 1.4 0.8 0.1
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PVMG%BML AR TORBHENEL (H - TWBHDR, PVMGH, SAKEERL
T b, 2AELLOEFBEICEI ZPVCIADF 5 ) Y—HEAL, BRBEEALLOEAL
Y & B BN 725,13 BRIPVMGD 7 4 1 AT DA KICRIE 2 BB b T HD T0

5 &
PVMGRUVCz—VMGHEA Y AH Lk PVMGIATIR, ABBRRETS, &
BROEEHIEL L STIMECAEERO RN E— 7 nET 58 YRBYH A PVCz— MG %,
VCz—VMGH#EAGKE, ZLTPVCz—PVMGRi D&, REBMREEC LY, chs
BRI L5 PVCZONBEO MBI EA LB L 2o BRSEL, MGRECEALABALE
3 KE (¢, MGAFREEAI L) PVCz SIFCHA Lpaid TNEVEFS b, PVMG
FBCBALABAREL(HBT LATbrLhoke BEAIFR, Fx ) r—0sirs
TOBBEBET HHRYED COPRISKELHRDOBE, B K\ ad, LMBIE L
BETH->kDTHDo BEBBICHRTIZ, Fx JY—EFEHBL, * Y Y —BEEHITFRN
LS BROBRIEET S &\ 3545 87
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2) DEFIE@oHBR, T LTCzBD«steric effectr» KX VETHHDOTHY,

VCzESDRBPic L b, % b e, VCz0ligl (58K whATIBETHS. £0
DR RIZ, K <=—$HATOCz BORAUGLEFNCE S BFUREEEATH Y, VCz &
SoRLLicTOEEERIBL L, VCzO0ligl R TEIFBICH .

3) PCzEVEizR TR, CzBiT#HHL—0—CH:—CH:—&AC L hEhTHALTED,

Bz CzIBOESSEL, TOMEERREBEAEGELE V. FROES (a~g) 1, A%
BWTEREAER LRIV
PVCz ot B#MIC DN T

1) PVCzOBEEBERCWT I+ — o HRBEHR, 77 7 2B bLDPoole-Frenkel

MR IDEEL LMD,

2) PVCzik T - EFRA I FWARLABERYRT. COFERTOXREHER, 5y 7H

Lz b5y 7E8NTND F ¢ | Y—OXRFEHERHEC L% LEX bh, 2RF 07 BRSHUV
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