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Fig. 3-1 Schematic diagram of the apparatus for measuring dielectric loss. Two impedance
analyzers, which had a wide frequency range, were used for the frequency range of 103 —

103Hz and 103— 107 Hz, respectively. Temperature in the cryostat was controlled from

100K to 400K.
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Fig. 3-2 Typical dielectric loss response curves of silver bromide cubic grains at several
temperatures measured with the apparatus in this study. Measurable region in the

previous studies is also shown.
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Fig.3-3 Example of dielectric-loss response curve obtained by wide-range measurement

system. They are obtained at silver-iodide tetradecahedral-grain emulsion from 173K to

293K.
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Fig. 3-4 Concept figure for the dielectric response of the system that includes particles
dispersed in medium, which have complex dielectric constants of & * (particles) and the &n
*(medium) according to the Maxwell-Wagner theory. £ indicates the complex dielectric
constant of the total system which consists of &* and &n*. Eis an electrical field parallel
to the Z axis, and V (P) indicates the potential at the point 2. The complex dielectric

constant £* can be evaluated by measuring the frequency dependence of V(P) .
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Pauly — Schwan ( Hanai ) Theory

V(P)

Fig. 3-5 The concept figure for the double-structured particles, which have different
complex dielectric constants in core(&*) and shell(&*) regions respectively, and were
dispersed in the medium(&m*)according to the Pauly-Schwan/Hanai theory. £* indicates

the complex dielectric constant of the total system which consists of &*, &* and &n™. Eis

an electrical field parallel to the Z axis, and V (P) indicates the potential at point P. The

complex dielectric constant £* can be evaluated by measuring the frequency dependence of
V(P).
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Fig. 4-1 Doping ratio (amount of doped impurty / amount of added impurity) of Pb ions in
AgBr grains as a function of electrode potential during precipitation of AgBr grains. Open
circles with a solid line and open triangles with a broken line indicate the doping ratio of
Pb ions at and at 45°C with NHs solvent of 0.5 mol/mol-Ag and at 75°C with NHs solvent
of 0.08 mol/mol-Ag, respectively.
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Fig. 4-2 Dependence of ionic conductivity on the amount of 1-Phenyl-5- Mercaptotetrazole
(PMT) added to the emulsion with silver bromide cubic grains of sample I at 298 K.
Sample A indicates the ionic conductivity without PMT and sample B indicates the one
with PMT of the amount of 3 X 10 ?>mol/mol-Ag.
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Fig. 4-3 Arrhenius prots of o *+ 7 (product of ionic conductivity and absolute
temperature) for the emulsion of sample I for getting the information of activation
energy directly from the slope of dates according to formura (2) —(5). Open circles with a
solid line indicate the sample A without PMT, and closed circles with solid lines indicate
the sample B with PMT, respectively. These samples are the same ones in Fig. 4-2.
Sample B has two components of ionic conductivity with different activation energy
represented as broken lines. The high temperature region indicates an intrinsic region,
and the low temperature region indicates an impurity region. The area above the chain

line indicates the measurable region of ionic conductivity in the previous studies.
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Table 4-1 Energy parameters of the AgBr large crystal reported on ref. 8 and 13. Formation
energy of a Frenkel pair AF, migration energy of interstitial silver ion Ui, association
energy of vacancy and impurity Fa, migration energy of vacancy U, are listed in the left
side. According to the formulas (2)—(5), the estimated activation energies were listed in
the right side of the table which were calculated from the data of EF, Ui, Ea and U, . The
activation energies of ionic conductivity have some components in the higher temperature
region and the lower temperature region. One corresponds to the intrinsic region at the

higher temperature, others correspond to the impurity region at lower temperature region.

FErFormation U:Migration EatAssociation | Ui:Migration Activation energy of
energy of a energy of energy of energy of ionic conductivity
Frenkel pair interstitial vacancy and vacancy Intrinsic Impurity
silver ion impurity region(at high region(at low
temperature) temperature)
1.06 eV 0.15 eV 0.16 eV 0.34 eV 0.68 eV 0.34 eV
— 0.42 eV

Table 4-1 (Z7% L 72 Kidtidt O SCHRE & Dxfbb 24T 5 L3kl B OIREKFHENDEBNZ 25
DIEMEL=RAF—D 5B ERMIOK) 0.7 eV OIEMELT L F—%, #FHEA 4 Dls
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+ Nv* e uy

o = Ni* e * ui (4-5)
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Ni* Ny =K(T) - (4-6)
Ni+ (m—1)a-[Mo"] = Ny =« + « - (4-7)
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Fig. 4-4 Dependence of ionic conductivity on the amount of Ir3* ions doped in AgBr
cubic grains at 298 K. Open circles with a solid line indicate the sample without PMT;
Closed circles with a broken line indicates the sample with PMT. The ionic conductivity
decreased and then increased with increasing the amount of doped Ir3* ions. In this
experiment, the ionic conductivity of the samples with PMT has the minimum point, while
such kind of behavior was not observed in the case of samples without PMT. The chain line
indicates the calculated result of ionic conductivity according to the energy parameter in
reference 13, and the left end of the line is adjusted to the same point of the experimental
result with PMT.
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Fig.4-5 Relationships between the impurity ratio and the ionic conductivity for sample II
(silver bromide cubic grains with 0.5pm diameter) doped with Ir 3+ or Pb2t.  PMT of 5X
10 “?*mol/mol-Ag was added to the sample.

Amounts of doped ions were at high concentration region. Open circles with a solid line
show the result for Ir3* ion, and closed circles with a broken line show the one for Pb2+ion.
Chain line indicated the calculation for Pb2+ion, and slope=1 indicates for the case that all

vacancies were free from Pb2*+ion centers.
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Fig. 4-6 Temperature dependence of ionic conductivity for Ir-doped, Pb-doped and
non-doped AgBr cubic grains in sample Il with PMT. The doping level of Ir3+ ions and
Pb2+ ions are the same level of 103 mo/mol-Ag. Open circles with solid line shows the
date for non-doped AgBr grains, open circles with broken line shows the date for AgBr
grains doped with Ir 3* ions and quadrangles with chain line shows the one with Pb2*
ions doped AgBr grains. The temperature dependence of ionic conductivity shows two
components only for the non-doped sample. These behaviors are similar to the one
shown in Fig.4-3.
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BOERREE T O m 7 AVIRRE S I IE, R FALED DR T FRIERA A & SR A
ZEHLIA FNREEDOBRAUR L UCTIFET 5 7, a0 412133 TR S D 1T
AT DOFED, A FAMNBELZRDLERE L TREVWZENHONTEY, ZDLER
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ERDIEEWE LY,

ARETIX, PMT WAEIZ L D20R 2 W TR F-RIEOFZEZPER LT 5 2 T, ZeRTh
LI A A% R—T LIcf e R—7 L TR WHD 2 D% 45 2 K- ORS & Ik T %
LR A FMREE L ZOBMMRO R DB _EEERL T 2ER L, Z0OFEHE
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EHBIZ, THE T A 7 v i 7 EAOME O R A £ > TR OB R 23 1T DR+
HOBEKIMEE (ERFER) 20 HMWT, 2 BEMELZ AT DR FOHROFERRINE
\ZB99" % Pauly-Schwan BEFmiZ B 2N, MHTICAWTE 7210 11D 12 18 ORBCE, Ir
S AR RPFRIC F—=7 T 5 Z LI K VAR SN A F AR BED " EHEE R R o S
YAEERRLF OFEBERICE N, BB T D m S UM D R I
Pauly-Schwan/Hanai #aaz i L7z, FEERARER & FHRAER & Oxbicn b, 2 OB ER
:E%ﬁ%ﬁﬁ‘éﬁ’f%%*i?@*aﬁﬁﬁif“/ﬁ@ﬁﬁﬁ WA FETHDLZ & %ﬁﬁ%}ﬂ L7,

(RN DA A AR E S5 H & BOEHRAE TOERA A 22 fLIC K % 22 BT g & iam
Lf:o SRA A 22O IR AE & KT HIERA A D3R H?E‘%kﬁ?é*ﬁ@ﬁ@ IBWT, 292
DHOACFERT v % VR —ET DRI S 4L 5 22 BT E D & ORRE DR A & EBAL AR
HFF o TB SN D02 B 5 LTc, AWE Tilgmm T D2 FIEIZ, ~e 7 AR T2 0
BRI T2 YVEN BT 2 T HEEER T O HCRIISHTE 225 25,
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%281 #EBr & Pauly-Schwan/Hanai PRagi2 X 555

2.1 FEBR

I3t A A OEWINEZRD 5 THFER E LT, A T MEHEDO ¥t A A0 R— T &K%
TRz, FHIERFYS AR 1.0 pm (2R E L TOFHRE 0.8 um) O HIFHRALERNT 5 (kL 1-
MERDLBEEAHK A, A ha— R X7 0Py MEZAWTERST 3B LA U Y
U L=V 7 L (KslrCle) 21 7 AU IR U I3t A A & ) —I12 F—T7 &8 T,
It A Ao OUINEIL, F—782 0 ~ 1x10° mol/mol-Ag & 725 X 5 Bb &7, FEBIC
NF—=7 Sl et A F o DFEEITIE, JRFYOEEZ W, It A o OBRInEIT 3 2800
AR RIS~ DARIFED /N & < ARIFFE O TIXIFIE 90% Th -7z,

EDITHE T HERA AU B ET-DIRER DY THD /v R—=TF & BBOFHEROFERD
RE LT Ir? ' A A% 3% 107* mol/mol-Ag K—7" L, $RA A ZZH N EMEARLEEZEZ HLD
FH & %45 2 BZER & BRIz RO, 2 T D " ERERL T O 2R DA AR UTc, BRI Ir®t A
Frkm R—=7 Ll “EBIERL T2 R T 256 100E, T 5 It A AU 2BRET H 72D
HKBE TR Z M A TR B O E 21T 72,

BB RINE OFE & OXIZH Wz 4 FED N1 7 AR 7 O % Table 5-1 127”7,

Table 5-1 Samples used in the dielectric loss measurement. Edge length of cubic crystal
was 0.8 nm and sphere-equivalent diameter was 1.0 pm. When the diameter of core is set
for about 0.8 um and the thickness of shell is set for 0.1 pm, volume ratio of core region to

shell region becomes to 1.0 .

Core region Shell region
Sample 1 non-doped non-doped
Sample 2 Ir3* 3% 10 *mol/mol-Ag doped Ir3* 3X107*mol/mol-Ag doped
Sample 3 Ir3* 3X10™*mol/mol-Ag doped non-doped
Sample 4 non-doped Ir3+ 3X10™*mol/mol-Ag doped

KD LB O W 5 OFH RS R & OXIG B Z T D28, ZEREIERL T OGS & il O AHE
b 1851 & L7 VBRI S 825 1.0 pm OBy (BEYERZE 10% LUF) SERKIF 2B R L
Too TORRICIER U7 ZEREIER T2 BB L7256, B DOIEAAITA) 0.1 pmTH Y | £
EOERFISALL, £ 0.8 pm & 725, KiF-RKE CTHEMRT D TRIERA 4 O B2 PR+ 57
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OIZ, PMT 2% W7, 40°CIZ TR L 7= ERRAlANCkt L, IIIE2Y 1X107° mol/mol-Ag
L72B 59 PMT O AKX ) — VIR AE TN LTz, AEROFESRS PMT Z2WE &85 2 & T,
KEF 2 7N O TRIERA A AR IE S TW DR OFFERIIEE NS H D &
EZ T D ZORER B L RO FRIC BT, —NRA A B X A EA A s
HBEMH, b9 DB TERA A N K DIERA A REERE BT, T O ST 22 M
B ENERSND Z RSN D, 2 E TRALER {100} HOREITHITIERK S D1
MERA A DIED ZEMEME ORI L TiE, H#ESLERIZEY 0.05 pm2H 0.4 pm &\
STAERRE SN TS 1) 16 1D RRFFE CIIRE R 7ok FRISRA 4 i fElk & L C4R
A F U ZEILDMED BRI ENE i T DI, EIBIER LTe#8 S OEA 2K 0.1 pmIZiEE
L7219, ZORRIZ L TR L7238 %2 | FEBLIEICH WD 72D, %% T 52 & T 100
pm/E DI F%TE LT,

2.2 FH
FARICHW - EREHR O %A Table 5-2 [Z/R7,

Table 5-2 Parameters used for the calculations of the dielectric loss responses. EagBr and
Ecel represent the dielectric constants of AgBr and gelatin phases. Oir-doped, Ohon-doped and
Ozel represent the conductivities of Ir® “doped AgBr phase in sample 1, non-doped AgBr

phase in sample 2, and gelatin phase.

& £ 2 r—doped a—non—doped g gel
AgBr Gel (01 - o) Q'+ o) (91 - o)
13.0 | 3.0 1X10% 5% 10 1X 1015

ARFGETIX, It A A BRI I R—=7 LTeiE & R—=7 LT WGE Ok 1O
B RIGEIZ Maxwell-Wagner Biig 2 IV C, RINTHD €% €. DR, T7obbiE
BEK, K ZENL, 2he “EESERL T OFEERKICEOFHBEICHW T, BIRRYIZIL, Table
52D/ v R—=7WN Ir¥T A 4> R—=THDOA A AREE T, Table 5-1 (289K -2 F—
R T D Sample 1 LY Sample 2 DFBHRKIGEDOERN LB/ HLOTH D, T b DK
PEAE 2 T, HAR ISR OFF B K O 8 I BUK 7% % Pauly-Schwan/Hanai P4 FHV T
FELEYY,
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5 3 Hi : FEBRRR L R R

3.1 EERER
3.1.1 Ir®'A A4 F—FEBIKFMH

PMT %W S® 52 & CTRED OO T MERA A AR A IH] L7ohi 1238\ C, iFER
RISBEMNOR/FONDA T MEEED Ir¥t A A4 F— 7 8K FME%E Fig. 5-1 127,

1
g
p—

Sample 2(Ir ‘highly doped)

T,"\ IR
g l
L] O
— 7/
! 4l
2 -6 o
© 7/
~ /
/
3 al
-6.5 4
’@
Sample 1(Ir:non-doped) ’
g LU .
l ©
rd
Q /
~ \@ ,ﬁ
_T 8] \\ P Q’
0
_8 | | | | | | | | | | | | | | | | | | | |

0 107 106 10% 104 103

Amount of doped Ir3*mol/mol-Ag

Fig. 5-1 Dependence of ionic conductivity on the amount of Ir3* ions doped in AgBr cubic
grains on which surface 1-Phenyl-5-Mercaptotetrazole (PMT) was adsorbed. Ionic
conductivity decreased and then increased with increasing the amount of Ir3* ions. Arrows
indicate ionic conductivities for Sample 1 without Ir3* ion doping and Sample 2 with Ir3+

ion doping.
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J Vv R—=7 WO Ir¥t A A &2 —IZ 3X10* mol/mol-Ag K—7 L7k % ZFNnEh
Sample 1 T Sample 2 & LEFIZ/R L7z, Sample 1 DA 4 5EEIT5X108Q "+ em ™
Th V., EOBEMMBIKIT IV 7 P OMA R DREEN L 72881 A N HR T D48 IR A A4 T
&%, Sample 2 DA A UAREE L, 1X10°Q " em ' TH Y, TOBMAUKIZI R—F L Ir
ST F L DBEMAE DL THERNICFRF BIAENT R A A 2B TH D, WE DA T AZHED
ZE 20 fETHDN, T b OMAE " EMGRL T ORI LRI L, ThZhoA 4
(R % Pauly-Schwan/Hanai Bl 12 55 < “HEAIER - OFHEIZHW T,

3.1.2 B E R T-IZ B84 5 EhRS B
Fig. 5-2 1%, Sample 3 OFFEHEL (£,) DEEEKFEZ ~TXTH D,

LF peak HF peak

Lok peak  HE) _
5
g
S
& 05 N
0 l | | | ! |
100 108 10¢  10° 10 107 108
log(frequency/Hz)

Fig. 5-2 Dielectric loss response for Sample 1, Sample 2 and Sample 3. Solid line
indicates the dielectric loss curve with double peaks for Sample 3 that has doped core with
Ir3+ ion and non-doped shell. Broken lines indicate the dielectric loss curves with single
peak for Sample 1 (peak at lower frequency, LF peak) and Sample 2 (peak at higher
frequency, HF peak).

EEABEANHAE =2 2F8 35 /) v F=7R 1575 Sample 1 OFFEHRKLISE (LF
peak L9%) & @MAKREMICHEAY -7 2645 ¥t A A 2B IC F=7 LIk b
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72 % Sample 2 OFEHRLIGE (HF peak &7 5) ZXHFITHGHE TR LTz, BERIC I8t A 4
Z 3x10*mol/mo-Ag K—7" L., #ki%& /) > R—7 & L7254 D Sample 3 D EHRKIGE %
FERCTRT, @A A B ZEZEBICE T Sample 3 OFFEHRLIHBRICIZ. 2 oK —7
WHNTZ, Zhb 2008 —7 1%, ZNENRRCRT 2 DO R OFERIE — 27 O
IZHB L=,

3.1.3 AN EARELE DYy & D TR R

BABIZ Ir® T A4 4> % 3 X 10 mol/mol-Ag R—7" L, &% /> K—7& L7- Sample 4 D
FHEARKICE % Fig. 53 I[CFEM TR, ML Fig. 5- 2 L [A4£IC Sample 1 & Sample 2 D
B RINA Z 7R LT %, Sample 4 TOFHEBHRLISZITIZ, 1 DOBEE— 27 LB
o ZOWHKE—7 25225 AEHIT. W8 5725 Sample 2 @t~7)%1£2§5w>,f@ 1/2
DEKETH Y . Sample 1 £V & Sample 2 D B — 7 (BT, B LB OWTN A & A
FUAREEMICT 50T, FERIGEIC ﬁﬂét»—?@éﬁﬁ)ﬁ:iﬁoto

Lok LF peak HF peak

32/ E2max

0 | | 1 | i ]
102 108 104 105 10° 107 10¥
log(frequency/Hz)

Fig. 5-3 Dielectric loss response for Sample 1, Sample 2 and Sample 4, Solid line indicates
the dielectric loss response with single peak for Sample 4 that has doped shell with Ir3* ion
and non-doped core. Broken lines indicate the dielectric loss responses with single peak for
Sample 1 (peak at lower frequency, LF peak ) and Sample 2 (peak at higher frequency, HF
peak ).
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3.2 FHERR
3.2.1 B RAREE DB DR R

Table 5-2 ORFMEAE A VT, Sample 1, 2 X3 OFFEBRIICE ZHHE LB R %A Fig.5-4
W27, B IE Maxwell-Wagner 2R CitH S 4172 Sample 1 &Y 2 OFE R T KB B £ (L
F peak) OfE##AY Sample 112, &L (HF peak) OH#R72Y Sample 2 (ZxHi3 5,
HE#EAS Pauly-Schwan / Hanai B4 Y CEHR L 72 Sample 8 @ HAEER - 12xFd 5 &
FRERTH D, Fig. 5-2 DERER L ZOFREMRLLA~D L, FREMERIT2 >OFEHLY
—7 OBl O —rmE, WNTEBEERO Y —7 2 5.2 2 BRI L, EREER &
BLSIHELTWD Z 22D, ERRERIE, FHEMR L0 BARBERRE v — 27 23 X 0 AR 3K
~YTZ hLT0D, ZOERICELTIRICESRT D,

LF peak HF peak
1.0 .
a
g
8
&
0.5 =
\
0 Fa | |
102 10° 104 10° 10° 107 10® Hz

log(frequency/Hz)

Fig. 5-4 Calculated dielectric loss response for Sample 1, Sample 2 and Sample 3. Solid line
indicates the dielectric loss response calculated for Sample 3 by the use of Pauly-Schwan
/Hanai theory. Broken lines indicate the dielectric loss responses calculated for Sample 1
(peak at lower frequency, LF peak ) and Sample 2 (peak at higher frequency, HF peak ) by
the use of Maxwell -Wagner theory.
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3.2.2 B FAREE DA DR R
Fig. 5-4 & [AkEIC, Sample 4 O%IZ Pauly-Schwan/Hanai Filagz i H L CiHE L7-f R %
Fig. 5-5 1T/~ 7, ZOFFEBRIISEITILT DK Y — 7 23811, Sample 4 O " HAEEH 1
WX A SRR R RERERIL. BWVW—EER LT, “EMER FOFEHEL Y — 71X, Sample
DOFFEHEIE— 7 % 5 2 5 FEEBUC R U CHEBRRERFRE, £ 1/2 15 (log (Frequency/Hz)
A= THI0.3/hSWY) DJEEBICB W TR Z R LT,

LF peak HF peak

1.0

102 100 104 10° 100 107 10® Hz
log(frequency/Hz)

Fig. 5-5 Calculated dielectric loss response for Sample 1, Sample 2 and Sample 4. Solid line
indicates the dielectric loss response calculated for Sample 4 by the use of
Pauly-Schwan/Hanai theory. Broken lines indicate the dielectric loss responses calculated
for Sample 1 ( peak at lower frequency,LF peak ) and Sample 2 ( peak at higher frequency,
HF peak ) by the use of Maxwell -Wagner theory.
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A &

4.1 %%&U\d‘ LG R\ B9 B e 72 BR
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55 3 CHLik L 72 Pauly-Schwan/Hanai BRGglZ351F 5 2 D OfEFRERIL, BN HiEE
WO EBRIISEICEND E “‘7}7?52?5(5:5%&)6 M. ZD 2 ODOFEFEFEIL., K DEEER &
AR N 5B & AR 0D 2 > D ik /3 MR OREFIRF[#] 2 SOk U TN D, R DB B RN b AK
HEER & BER O BN R 5356, EHEERLTD0M S VIS RICHIET D b m ot & i
WX T DA R KINE % Fig. 56 ITHEAMMICRT,

log T

Fig. 5-6 Schematic diagram for three kinds of interfacial polarizations that are brought to
dielectric loss responses for the system composed of double-structured grains dispersed in
medium. Peak frequency of dielectric loss responses are dominated by the higher

conductivity phase.

M Ko, Ki. Ka 13, T FEHEER ., R OS8R b S ZEERO 3 SO O3
FraRLTEY, Koldi 3 EDOH 2 f{i Cll~_ 7= Uil E OEER K (25t LIEF IR
RTHDLZLamT, RlE, “EHMEGH O 2 S OMOEEFER K, KON, Kol
Ram L, Ka l3@mWGOEERZ/RT, FUEmoBoOEMREFEIL, 23 20!
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e R E TR E DD, KRETH O B F U E O ERITEH TX 51T LRV,
KA P ORREE D REIT/ NSV, LTS o THVE &R 5% 508 0 FUH 25 M oD A% Fnid i 1%
O RN IELIER &7 D, RITEEER & el o L 3 i DARFNRE ] C db 2 23, wﬂ&&ﬂ@
BRELEOREIT, TOHMEET 1 1 EHLWED EERD ., ZOBEEORESBROGEFR
ML, SEEEMHOEER Ka P XEER 725, (o TETF VBB B LIz xa s Ak
R MR 7 OFE R RINE ORI, FEERICIE 2 SOERFRICEN S D, Fig. 6
X, B F U Cmt Uiz e 7 AL ZEEERL T O A . 3 DO S IZ IS < FFEHRE K
SR 2 DOFFEHRICEIEN S ND Z 2R LTINS,

Fig. 5-7 1%, EdDOEBZIZH S W84 Sample 3 & Sample 4 (& FND 2 DORH
MOFHFERRIGE &, TORFEL L TEBICEN 2 FERRCE 2 R THENTH 5,

Sample-3
€
€2 H w L H
logf logf log f
Sample-4
eg ‘g
H H H
logf logf logf

Fig. 5-7 Schematic diagram for the dielectric loss responses for Sample 3 and Sample 4.
There are two peaks in the frequency dependence of dielectric loss response when the core
has higher conductivity. There is only one dielectric loss peak in the frequency dependence

of dielectric loss response when the shell has higher conductivity.

B D EBIRTERIC Sample 3 OGEITIE, miEER (Ku) O EANEER (K) O
L TR SN AEENAICEAY—2 252 5 REom (KuKe) &, REERORE L 1E
FHEFRADOIE (Ko) & CTHERLS N D IRERMANCHA Y — 7 & 5.2 5 S st (Ko Ku) %5
Uo ZAUZK L Fig. 5-7 O FEIZ R S N5 EEIZ Sample 4 DEIZIE, @8 E R ORRED &K

B RFH OREERM O FLE /i & | EE RS OB & MR IR OBV O FLE B O W A3,
EEERMATH I KAEL I, fERE L CHERIISEIT DAY~ LD,
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4.2 MR s R I BT 5 &4

25D —7 %~ LT Sample 3 O FEFFER L FEMAERO—EUL, KFHNRE—7221 41
WREETIEARL, BENEA A MAREERTHD Z L AR LTV, @AKoy —213, Ir
BT F U R=TIC Ko TR @A T AR BEMAEZ B L TND Z L2 L T D,

Wi, IREEEMOEA Y — 27 O/ SICONWTELT 5, Sample 3 ORI OEFER)
BB I OW T REEE & S 0 v — 7 & DEEAEEER & ki DR D 2R kI
XL TED X HIZET H02%  Table 5-3 DFFMEAE A FV TR L 72/ % Fig. 5-8 12777

Table 5-3 Parameters used for calculations. &agsr and &e represent the dielectric
constants of the AgBr and the gelatin phase. Giore, Cihel and Ogel represent the

conductivities of core region, shell region and gelatin phase.

a'core a'shel | a—gel
€ nBr € gel (9_1 . cm“) (9_1 . cm“) (9_1 ] cm_1)
13.0 | 3.0 1X105 1X107 1X 1015
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Fig. 5-8 Dependence of the ratio of peak heights at higher frequency HF peak and lower
frequency LF peak in the dielectric loss responses on the volume ratio of core and shell
regions. In the case of Sample 3, the core has higher conductivity so that the dielectric

response calculated by the use of Pauly-Schwan/Hanai theory includes two peaks.

Fig. 5-2 OFEBRFERICH D L D10, (REREE & @B M OFER IR 2 5 % 5 JE K
X, K 2HTERZR D DT, B LB DA A AREE D 2E% 100 5 & RKE L1z, Fig. 5-8 ICH. 6
NDERIZ, BEROARERE 2 F IR LT AR R OB R E— 7 1%, 2365 & B2 O A 2L
THE, BEAEMOY—7@SICHT 5 ENRE LT H, 2T Sample 3 O _HikiE
BT DN 3 5 iR E OERA A L ZEHLOFERA~OY I LT L D 5 & B & 728 235
T ORFELEAC ZBET 5, KPR+ CIEE L7560, EBRTER L “EMER &R U
<. ERMYEZEE 1.00 pm, B OEAE 0.10pum &35 & EEOERIL0.80 pm & 725, K
R OERA A 22 5LA%, BT 0.01 nmAREYLA N3 & 975 & FHE BT OB S 1X
0.80+0.01X2=0.82 pnm & 72V | B EsSEH & B3RS M OARRELIT, 0.828+ {1
—(0.82)%} =1.23 725, K OERE 0.80 pm & L7-HAOERLIX, F5H 0803+ {1
—(0.80)°} =1.05 TH V., ZDOFEEHFEDOE(LE Fig. 8 OFAEFRICETTDHLHE, B—7

57



B SR, REELOEWEEOK) 0.58 2257 0.48 ~E K T3 %, Fig. 4 [RTERIC, B—7
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4.2 1IZBWCEim LTI, BRI I3t A 40 2% &2 R—7" L7z Sample 3 ® _EiE &k
T- O & BERORME T, 2 DOMDILFERT v o vy VREET 5 2 & CEBEME K
S, RIMICERANE L LB OB ZRET oG L 2o TND EEZX BND, ZTDRTORL
TIIREIZ PMT 235 S5 2 & T, WEIERR S EHEUOREEZER LTV EEZLN
bo FEEREMENAE L DR T XY V2R F—7 edplid, Ir¥T A A ERA A2 DS
BTN T—Es & T L VR DER TRV F—Err b, (56— 1) RO LI ICEMED L
N5%, ZZTeldFTEM. ¢ IFIRT I v LETHD, ZOBEFEBPA AL DXL —F
AT 77 5ELTFig 59187, IFuaBIOuald, TNENESHIOE F—T7MHE Ir®
AT R=THOAFERT v Vaem T, it EAROILERT v v aRmd, H4
BECHOLNIAERNS It A A2 LA AV EILORE=F VX —FEa % 0.10eV & L, 2
k8 B 7 L VRt DR TR NLFX—Er & 1.06eV £ 35 L, ep = 0.48eV 725D,
AR Oiim ) b ZE M E AT E DJEA % 0.01 pmBA T &3 57 61X, ERMEIL 50V, nmbl k&
720w RET D DI amVWEE R D,

o= (Er —Er) 2e (5-1)

KEHOX > 7% PMT % TT7 1y 7 LTWRWIRRLT-D5E . ZEMEREOFENT L
TWB Y, HTHIERA Az LD EMEMEIL, BT 2N, ELzRmICBEBISEL 2L
Wk D EMOEERIEE L, BRI L TWS LHEfF SN TEREY, KIFETIE, 280
il FA o2 R—=T7F25Z L2k, BEFmIIHERkE B DA A 225U X 5 =M ENE
R TE D Z L &m Lc, G ERIFDIRERE & 72 DR L C Z ORRZR 22 i g
DAL, BT ER AN~ IEAL AR R~ D K9 B OBET 2 H1EE L TR EZ W
HkzEEZHY,
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Energylevel of Ag*
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Bp 7777 T """ ::> _____
5B mT Beside Ir®* S

2 -~ 3 Lattice

Non-doped Ir¥* doped PR

Space charge layer

Fig. 5-9 Energy diagram of silver ion in AgBr crystal. FEF is the formation energy of Frenkel
defects. Fa is the association energy between Ir®* ions and silver ion vacancies. Y n and
(a4 are the chemical potentials of non-doped phase and Ir® " doped phase, respectively. u
is the chemical potential in the system after forming junction, e is the elementary charge
and ¢ is the potential difference between non-doped and doped phase after forming
junction. When we use 1.06 eV for Erand 0.10 eV for Ea for the calculation, e® will be
evaluated as 0.48 eV.
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REAVSR —EIERI X, D7 — T 7 4 VA O S REGERBY M BN S T & 7=,
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EEODHZENHFT, SHIT, B LR E ORISR S D REEALIE, —REE T
Zy7EUERL, BEAmD, ¥ ZORR, “EMEER T IXEEMERLANCR & 3, JJJ'D
B S N TR E LA ORI E L AN b S vz, 2 7 TEEERL ISR D AN
DA T =ALT, ERORRICEFRRICESEL Y T TERSNTE T,

—J. B DNEBIEEY A MIHESNT-RITEZ 54 4 ik, Bl & OFfEE L%
TRERA A N X DT RRE E BFETH I ENMBN TS, 8.9 ETHERA 412X D
HRERRNET XD L ELE OFESMESC e BT X5 &(’*@*ﬁﬁ?\ﬁﬁ X DRI TN
FEDZENRMBNTNDES O IREACERD A A AREFE X, IRMUERRE 2 A 2 5 2 & TE(L
T57, 1o T, IREALER ZEHEIERL 712 B\ TG D A A AR & 5 | 3% E C X U
REZ O D Z EDRAREIZ 2 D0 L, L L7eds HIKEALER —EMIER DA ﬂ‘/fﬁ
R L QISR LS . TOREKEIARHTH -7z, ~Na ALK DA A AREE %R
W 5 I TH D ih ERIINE ONTIZIE, Maxwell-Wagner HigBNHW SN TE/-, LrLZ

PRI ) ERL - O ORI LA TE W2 ERZ OB TH 7210 1Y,

B5ETIT, RILBRIT~DS N T A F—TI2 L0 | B & BB A A ANREEE X
Jo ZEMSERL T A ER L, T OFEEKIGE ) Pauly-Schwan / Hanai #iis TRtk 5 = &
BaRLIZYY, RETIH, EH EEELRERORMIE S BN L WIRELIR B &SR OFE
HINE % Pauly-Schwan / Hanai 2@ & W CTHEAT L7z, & 2 T L L7z IR B LER — EAE
ERLA DA F AREEREIEL, WIREOIRMRZ A T DIRBARO A A AMREEIZ OV THR
5T 5,

%2 H  EhR

BB D1 7 ACERPNIRIEIR A 2 < G A T DIRRAGER “EEh 2 FH 8 L 72 (Sample 3),
o7z, BAGIR EIREALSRO “FH O — Sk 1 (Sample 1 B8 KM 2) Zad L7,
F7-. Sample 3 12%F LTSI L O~ 1 7 AR A AN 2 7- BRI 7 (Sample
4) A LTc, ZNHDORTIX, ~Na T A A A U PREEDERA A PR EE X0 iR e S ek
BRIEOTT, avrhr—b N X7V =y MEBEZHOTRE L2, IRRIBEFHONE
ReD v 7 PR BEE, 27T BNV % DIRMEERZ Z T MIZ 2D K oM Lz, SCER5 121X, Z o8k
708475 C. EPMA 7% (Electron Probe Micro Analyzer) (24 U il % RO ~v 7 o FAK A
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BIE L, A LB 0 3 AR E R RN R E S Bie 2 —7p “EMIER 2 F3 5 Z LA
KD ZEPRENTND,

THARERL T OREER & BEROAIEITR 1 1 ICERE L, BRI ERB L OBEBOE S 2%
A 1.0 pm B L N0.10 pm ITFEE Lz, A L 7o~ 7 ALERKI 7% Table 6-1 |27~ 7,

Table 6-1 Sample data for the four types of silver halide emulsion grains used in this

report.
Halide Composition Volume Ratio ) GrainSize
Sample No. Crystal Habit
Core Shell of Core to Shell (pm)
1 AgBr — — Octahedral 0.8
2 AgBrl — — Octahedral 0.8
Cuboctahedr
3 AgBrl AgBr 1:1 1.0
al
4 AgBr AgBrl 1:1 Octahedral 1.0

REAVSREZ R L ONRBAVER 22 572 5 Sample 3 DRI F1%, {111} BEL O {100} HEH
95+ iE AR T (Cuboctahedral grain) T 72, Sample 1, 2 B8 LN 4 OR1-I1%, {111}
&3 5 /)\HEAER Y (Octahedral grain) Th o7z,

FEEm R T DR FRIERA A DERT R F—1T, 1 b AR OfG ik H DEFE I
FoTHRRDIZD, " AERR T TS, ARV A XDRRRD LA A AREENRR D
D) = OREEE KT A 70l BAEATO AN 1-phenyl-5-mercapto-tetrazole (PMT)
Z 1x10 ™% mol/ mol-Ag WM L7z 12, PMT % W S H 7o dnif ClIAs 7 RIgRA A > DN
Rl SN D720, KiEdh &R UA A AREE 2R 2 &%%4affmﬁﬁﬁ)%ﬁ%@ﬁ%
BEL T, JEE 100pm OFFERIIMEH Oz FR U7, FEBEAZIET 572012,
3%T%ﬁbt4yﬁ~ﬁyx7+?4%~%ﬁﬁbt1%,;@&%\774ix&yb%
AWTIREZME L, A A AREE ORI HIE L, FERICHWZ Bk O
LB OWRILEREH BT, R X BREPHE THON D FEH HROTZT Y,

53 H RS
3.1 FHEHIIGE OWE Sample 1, 2, 3 ODFEBRIINE S Fig. 6-1 1R d, _EHEE T
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& 5 Sample 3 |%, EMTRIFRIC 2 DOFERILEY — 7 2RO, FEHELO ©— 7 B HREIX,

A A ARBEFEZHFITE 0T Y mERKY—7 (BAKEEE f) 135, 4 EERTH
DEDA A AN BEZ RS 5, Eio, BEREE—7 (MXERE 4) 13, KA o inE
EMHTH L3O — 7 Z KL T\ D, #HIEZNZEN Sample 1 DO —HEIE D BAV SRR 1

(MR KJE L £) &, Sample 2 O —HEEDOIRBALERI (WRJE I £) OFFERIISE
T, WINbLRIFMEOH LH—DE—7 2R LT,

TR DA A ARELEN O EHAEERL D Sample 4 &, ¥R TH D Sample 1, 2
DOFFERRICE % Fig. 6-2 17, FERTRT Sample 4 (£, H—0OFEHEILEY—7 (WK
W ) 2oL, AT Fig. 6-1 &R U —HEERL - CToh 5 Sample 1 & 2 OFEHLKIL
BT,

82/82max

1 l | |
2 3 4 S 6 7

log(trequency/Hz)

Fig. 6-1 Experimental results of dielectric loss responses for samples 1, 2, and 3 at R.T..
The solid line with two peaks shows the dielectric loss curve for sample 3. Here, £, is the
peak frequency of the dielectric loss peak in the lower-frequency region, and f1 is the one in
the higher-frequency region for sample 3. Broken lines show the dielectric loss curves for
sample 1 in the lower-frequency region and sample 2 in the higher-frequency region; £ is
the peak frequency of the low-frequency peak and £1is that of the high-frequency peak. In
this experiment, the measuring range of each dielectric loss peak was set within the range
that can determine the position and shape of the peak corresponding to the ionic

conductivity.
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Fig. 6-2 Experimental results of dielectric loss responses for samples 1, 2, and 4 at room
temperature. The solid line shows the dielectric loss curve for sample 4. Here, fis the peak
frequency of the dielectric loss peak for sample 4. Broken lines show the dielectric loss
curves for sample 1 in the lower-frequency region and sample 2 in the higher-frequency
region; fi is the peak frequency of the low-frequency peak and £ is that of the
high-frequency peak. In this experiment, the measuring range of each dielectric loss peak
was set within the range that can determine the position and shape of the peak

corresponding to the ionic conductivity.

3.2 XHREWT/ 2 —2 Db Oo~a 7 R OHEE

Sample 3 & 4 ® X #REHT/ ¥ —2 % Fig. 6-3 12139, I MLREFEOWEREZED D
A2, XHJRIZIE, CuKs (2=1.3847A) %M, RIFrMAIL 12200 2 H\\ /=%, Fig. 6-3
O T OREHENE X #RIEHT A (20) Z2Rd, oI Z ST DIRMEROEH & (£1%)
ZRT Y, Zo0 Sample DEIF/ X — 13, EH D HEEERE X ORRERO N1 7 RIS )G
T5Ho0REre— 27 2 Ete, IREACSEFZ KRS 5 /2 MO EHT e — 27 1%, IRMEERE A EH
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Sample 3 BL V4 Dl FIZEBNTH 27T ENL% THDHZ L EZ/RLTW5, Sample 4 DAMHID
[FHT E— 7 1T 22 BASRAH 23, LarL. Sample 3 O%bind 2 B —271%, £ kv £
W27 b L. BB 2~3% DIRbER 2 Ee Z L AR L T D,

20 degree 3862 3887 39.13 3938 3963

L l;l
I
I
I

Sample3

Sample4d

1 | | 1 1 1 L1
Iodidemol%% 40 35 30 25 20 15 10 § 0O

Fig. 6-3 X-ray diffraction patterns of samples 3 and 4. The bottom abscissa indicates iodide
concentration of silver iodobromide grains, which corresponds to the diffraction angle of
the silver iodobromide crystal, and the top abscissa indicates 20 angle. CuKs (.4 =1.3847

A) line and {220} diffraction angle are used for this experiment.

3.3 A A MNEEE ORI
BB frax DE— 7 EAPENT, A A ARG o \ZHFIT DY, BRI TR A A4
VTHDOIBHEHINA oS EOREERFMIZ, X (6-1) /), EMH b= LF—1F, #
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FWEA A OB XL F— LT R LE—AG LOMTRENS'Y), ZZT. n
IR TF-TEIERA A > DR, e IXFEM ., w1 IR A 4 OBEIE, ClIEk. TIiTixE
B kIR~ B TH B,

o=neu=(CIT) expl-(U+ 4G)/kT] (6-1)

Fig. 6-4 I%. Sample 1, 2, 3B LV 4 OFEBRKICED L — 7 AR ORERFIEDN S H
MUK —HEIE ORI 2 5> MW Bliaa O TP A A AREEDOT L=y 27
oy hCThHDH, ZNDHOEEERFENIL, Fig. 6-1, 2 OFIENTE & 13870 5 EZBEE R E V-
V3 TEHGERTORA. O LTELRIEA A URIBEIL, EEOKMOA A AREE D
M & 1ZZ DT D DY, DIREARTFIEIL. BAHO A A AREEE O EE R R LT
LEEZLND, RALROYE—HEER 75572 % Sample 1 & IREALEROY—HEER T-20 5 72
% Sample 2 D7 1 v MR, IZIFERR LI AT,
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— O -Sample 1
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Fig. 6-4 Temperature dependences of the ionic conductivity in sample 1 (o) and sample 2
(©); A indicates that of the low-frequency peak (LF) in sample 3, and o and * indicate
that of the high-frequency peak (HF) in samples 3 and that of Sample 4, respectively,
obtained experimentally. The relationships of each point are shown as each straight line.
These temperature dependence data in this figure was obtained from the different

experiments from that in Fig. 6-1 and 2.

EAROBEE NS ROTIEE(L RV F—IZENZE10.52eV & 0.33eV TH VY | fHIFAREL
Ripolz, “HEHIEK T Td 5 Sample 3 DEJEHE ' — 2 & Sample 4 DHE—E— 27 7B 45
LN AIE, 656 E Sample 2 DB — 7 LIZIER CHEKICH D, £ 6 OIEH L= R/ ¥ —
X, TNE40.24 eV & 0.28 eV ThH o7, Sample 3 DIXFERKEE— 7 oG oiLicA 4
{REEL, Sample 1 & 2 DA A UARHEOMIZH Y . ZOIEHEL= L ¥ —IX 0.46 eV TH
STz, ZIVH OfER % Table 6-2 (2787,
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Table 6-2 ITonic conductivities and activation energies of the samples obtained from the

experimental results in Fig. 6-4.

Ionic Conductivity (Q-1cm-1) at | Activation Energy (eV) at 240-298
R.T. K
Sample 1 6.3 X 108 0.52
Sample 2 4.0 x 106 0.33
Sample 3 (High) 2.3 x 10-6 0.24
(Low) 1.8 x 10-7 0.46
Sample 4 2.7 x 106 0.28

% 4 € : Pauly-Schwan/Hanai ¥ % F\V 72515

REACER —EEER T- OFEHRRINE % PS/H #Hina W CEHE L7219,

TNENRACER L IRRAVER D~ 1 7 AR B 72 2 Y — Rk 7 O FF BB RN E I MW BilEg
FEHAT DL, TNENOHOEBLEN RO HILD, ZOfEIX, ZEMERL T O &S o
BEREHBIRTZLNTED, SOITEEOBEBFERLHRE L, BB &3O HFER L
ET D, WZIC, TNENOEREE AR ET UL, EEER 7225725 Sample 3 £ 4 D
FRAREROEEBINE AR D, 22 TiE, RALR L IREAERO W & & HaFE+IT 13.0
ERELIZYS), Fio, BT T UVBHAOKEERIIFERT —F bR 3.0 L L, ETF %
Mk & U CTlolz, BHRICHEA L7z 2 b OFeEAE % Table 6-3 (27777,

Table 6-3
Parameters used for the calculation of dielectric loss curves for Sample s 3 and 4. ¢ core and

0 shell are obtained from the experimental data of Sample s 1 and 2.

Volume Ratio
Sample 3 Ceore Okhell
of Core to £ core £ shell
No. medium (971 'Cmfl) (971 'Cmfl)
Shell
1:1 3.0 13.0 13.0 4X10-6 6.3X10-8
4 11 3.0 13.0 13.0 6.3 X108 4 X106

BB DA A AR ERE Sample 3 OFFEHKIGE OFHEAE R % Fig. 6-5 IZEfH TRT,
Sample 3 (%, i (FEMEEE— 7  RKFEIEE frgn) &6H (RBEREE Y —7 @ fKJE
B fow) HZXMET 2D 2 OOFERIE—7 2R LT, I, BLEREB X OVKEALER D —
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&R -7 572 % Sample 1 (KK EL figer) & Sample 2 (MK JE I Agrer) (2XTT D5
BHRINEZ R LTS,

BB DA A MAREENFE Sample 4 OFEHKIGE O EAE R % Fig. 6-6 IZFEHRTRT,
Sample 4 (% Sample 3 & F72 v | H—DOFFEHEIE—7 (RKRJEWRE ) 2707, B
Fig. 6-5 D& LR U< Sample 1 & 2 DFERKIGEDOFHEMETH D,

I AgBr f AgBrl
\ £ Hi;h/
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Fig. 6-5 Calculation results of dielectric loss responses for samples 1, 2, and 3. The solid
line shows the dielectric loss curve for sample 3 calculated by Pauly-Schwan/Hanai theory.
Here, fiow is the peak frequency of the dielectric loss peak in the lower-frequency region,
and figh 1s the one in the higher-frequency region for sample 3. Broken lines show the
dielectric loss curves for sample 1 composed of AgBr in the lower-frequency region, and
sample 2 composed of AgBrl in the higher-frequency region calculated by Maxwell-Wagner
theory; figer is the peak frequency of the low-frequency peak and figm:.1 is that of the
high-frequency peak.
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Fig. 6-6 Calculation results of dielectric loss responses for samples 1, 2, and 4. The solid
line shows the dielectric loss curve for sample 4 calculated by Pauly-Schwan/Hanai theory.
Here, f*is the peak frequency of the dielectric loss peak for sample 4. Broken lines show
the dielectric loss curves for sample 1 composed of AgBr in the lower-frequency region, and
sample 2 composed of AgBrl in the higher-frequency region calculated by Maxwell-Wagner
theory; figer is the peak frequency of the low-frequency peak and fige:1 is that of the
high-frequency peak.
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Fig. 6-5, 6%, Sample 1 7»5 4 OFFEEHEKINE % Pauly-Schwan / Hanai #ia & VN Caf
HLEMERTHD, bl Fig. 6-1, 2 1R LI ERERE T 5 & FHEMSRITENEM
WCHEBRARER L~ L7, FEST|T, ZMAT AL D K= L VR EBERDA A AMNREE %
Iz - T EMEER O ERLIGA N, Pauly-Schwan / Hanai Bl Tl C& 5 Z & 2R L
7o 12 ARl RILSROEABEE XD Z & TEEER & BB DA A NREE %25 2 7= — FHAE Gk
FIZBWTH, Pauly-Schwan / Hanai gz @H 325 2 & CTA A AREE O "B E N FEEL
LTS Z Lol L7z, Loy LEBGRE R L EHRR RICIZ. W< OhD0EWR RO, £2
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C Sample 3 (ZOWT, W OEWE RN L7,

1 DHOMEL, B — 7 AEERDOENTH D, Sample 3 OFFREFERIT. ZHICH YT 56
JEREHMOE—2  (fiign) 2% Sample 2 (fgea) D E—27 M5 0.15 log AL RJE £
7 ML, BERICHE S T DR M O v — 2 (fow) 7% Sample 1 DB —7 (fige:) 725 0.2
log BNL7ZT REEEMA~Y 7 AL am Lz, —F, ERERE. @EREMov—2

(fi) 1EEIREITH LR E < 0.25 FBREDIRBEEEM~D > 7 MR Uiz, ZHUSk L, &H
MO —27 (£) 1%, 0.5log Hifiisy & K& @EEEM A~ 7 M LTc, ZOZ L3O
AT ANREENRHERBREID 2HRERENVWIEEZRLTND,

Z OEWE, Fig. 6-4 OIREERFEFICHENL TS, Sample 3 OEfEEHflo v — 7 &
Sample 4 O &' — 7 [ X IREALERFE D A A AR % [k L 7= Sample 2 & FEEL O KA T %
ALTWD, Tk L, Sample 3 ORJEWREM ©— 27 OIREKFAEIL, BB TH S
Sample 1 O D L, G MNITHEZR D,

Fig. 6-3 1273 X #RIal4r > FBRAS B13. Sample 3 O " BRI T- DO FFH A 2~3 F /L% DIk
{BiRE 5T Z L 2R L TWD, BALSRFRICIRILERDNRAT D & A A BN HINT 5 Z &3
HMHN TS, Takada I%, BALERIZ 2 L% DIRMMERZIB AT D & A F A5 ED 2 £ (log
BN T0.3) FEMMT LI E2WMELTNDT, o T, KAEENO Y —2 (£) DA
BMA~D 7 MEL AR CERE 2 TV %RREEH LTV D &0 ) XBREHTOREFR L AT
Do ZOFERSDIRILIBDOIRAIL, BB IIRILER D B BN L LR O — B0 FR A g L
T, BPTRBA LD LB Z DD, T ORBRFERMIL, BaHERRR 1 7 ALEROVESE
EE T2 RIRT 5 2 Tl cE 2 THA D,

2 OHDEWNE, =7 DEETHDH, Fig. 6-712 Sample 3 & ~EAEERI 2B LEtHHE»
S LNTARERKE— 7 L EAREE — 7 O — 7 St b B & B OGS T O BER
2T, B ORI 0core & o shen DELOXIHA R L, MR e — 27 & SR e
— 7 DESDERT, ocore & oshell (IZFANEINRALIRD G725 Sample 1 EIKEA LIRS
72% Sample 2 TH LB EZHWD & log (ocore/ oshe) DFEIE 1.8 E72%, & 51T 1og (o
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Sample 3 ® " HAFERL - IZ3UV T oshen D EBREIL, FHRME LD 25T EREVETHEIN
700 TDE X geore & oshen DIITHREAET 1.5 L7205, ZOHE Fig. 6-7TIZATRT L 912,
FHETROIZE— 7 &SI 0.60 725 0.67 IZHIINT 5. —F7, EBICEBRTHE L - E% Fig.
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Fig. 6-7 Relationships between the peak height ratio of the high-frequency (HF) to
low-frequency (LF) peaks and ionic conductivity ratio of log(dre) to log(cehen) for the
dielectric loss response of double structured grains in Sample 3. O, A indicated the

calculation results and ® indicated the experimental result.
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Fig. 6-8 Relationships between the peak height ratio of the high-frequency (HF) peak to
low-frequency (LF) peak in the dielectric loss response and volume ratio of core to shell for

the double structured grains in Sample 3. O and A indicate calculating points for the

volume ratio of core to shell = 1.0 and 0.87 respectively.
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Table 6-4 Ionic conductivity and its activation energy of the 4#-Agl large crystal (Ref. 18)
in the intrinsic region, and those of Sample 1 (AgBr) and Sample 2 (AgBrslz7) grains on

which PMT was adsorbed. The measurement temperature range was 240-298 K.

Sample 1 Sample 2
B-Agl AgBr Microcrystal AgBraslzr
Ref. 18 With PMT Microcrystal
With PMT
a = 4.59, c¢=17.52 5.77 5.86
Lattice Constant (A) hexagonal face center cubic face center cubic
wurtzite type rock salt type rock salt type
Ionic Conductivity at | 6 X 10-8(c| |) 1.3 x 107 (¢
6.3X108 4 X106
300 K (Q-1cm-1) 1)
Activation Energy
of Ionic 0.79 (el 1), 0.59 (¢ L)
o o ) 0.52 0.33
Conductivity (eV) (intrinsic region)
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Fig. 6. Shift of the frequency maximum versus
surface volume ratio of AgBr cubic grains.
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Fig. 7-2 Size dependence of dielectric loss response calculated by Pauly-Schwan/Hanai theory
for the double structured grains having the shell of 0.10 pym thick with high ionic conductivity
and the core with low ionic conductivity. Spherical shape is assumed for the calculations in
place of cubical shape. The grain size represents as a diameter of the sphere which has the
same volume of the cube. (/S indicates volume ratios of core to shell. Dielectric loss peak
shifts to lower frequency region with decreasing volume ratio of shell region versus core

region.
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Fig. 7-3 Size dependence of ionic conductivity in shell region calculated by the use of
equations (7-6) and (7-7).Thickness of the shell portion was set as 0.10 pm. The fitting
point was set at 0.2 pm to connect the calculation and experimental results. Value of the ionic
conductivity obtained from experimental results of dielectric loss response of the cubic grains
having sphere-equivalent diameter of 0.2 pym was considered to the value of o shen at this
diameter. The value of o shen at this fitting point was estimated to 5.1 X 1075Q71 - em™1, and

used for the calculation of size dependence in the dielectric loss response.
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Y, BT D FERREREEE X fmax DWREZ 52 54 A UAREEE LT, obux DfEZE 2.0X
1077 Q7 leem ™ ERRE LT,

3. 1.4 FIEMER

BAVSNRL A 2 BB LS AR B 2 A3 5 2 EEh & AL T, OIS D L WER
T EAE R 2T L7235 A O BERIISE DR - A AMEfFPE% . Pauly-Schwan/Hanai #
e HWTHEAE L,

MNP Z Table 7-1 12774, KL OEA A 0.04 pm 72>5 50 um ORI TELSH, O
JEA% 0.10 pm & L., JElZib 72 o shent DRIV A ZAKFGMET — & & opax DIEZ FHWTW 5, KL
TH A XOWHUZKS U £ max DIEZFHRE LR A Fg.7-4 12777, MH [P-S Theory) & L TR
L7zAk&E OO AIE, FRE 2 ISR OV TROZHBEREETH D . ROBHRITE A
EREATE D TH D, X [Shell) &Ftdl L7zE8E, Fig. 7-3 IR T3 O EZ TR D
DTH%,

Table 7-1 Characteristic values for calculations. d means the thickness of shell, X means the
edge length of cubic grains. &£agBr and & Gel mean the dielectric constants of AgBr and
gelatin layer. obuk and oshen mean the conductivities of core and shell. g1 means the

conductivity of gelatin layer.

d X & AgBr & Gel O bulk O Shell O Gel
pm pm Q1.cm? (at X=0, 2um) | Q1-:cm?
Q1 - eml
0.1 0.04—50 13.0 3.0 2X1077 5.1X1076 1X10715

£ max RLFPRITHAF L 72 < e D E B o OMBIFR & . O/S e DA% KM URL B DIt

B9 50X 1 OHBIKR, W KL FREDBBERDIRALLT E 72D Fmax (7 — 7)RUTHE - THE 1
LR DHEBNRRD 3 RDEMRE MR CTRT, S OB E b Lo, FHREERE EEOM
FECIXHE L7ZLL T D 4 DDOH A RFEIT /0T, fnax DIEZ RO T D ENEELER LT,
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Fig. 7-4 Size dependence of frequency maximum in dielectric loss responses calculated with
Pauly-Schwan/Hanai theory. In this figure, (grain size) means diameter of the sphere.
There are four different size regions in the size dependence of frequency maximum in
dielectric loss responses. These four regions are distinguished by some factors which
determine the frequency maximum in dielectric loss responses.

£ max in the region (D approaches to the constant value that is mainly determined by o biu.

£ maxin the region @ is mainly determined by the volume ratio of core to shell, and increases
proportionally to 1/ (grain size).

£ max in the region @ is influenced by oshen that is increasing with decreasing grain size,
and indicates the change with a slope of more than 1/(grain size).

£ max in the region @ is determined by o shen and increases proportionally to 1/(grain size).
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DA FNEEE TR E DR LG 5,
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(DE:#%O5mnﬁ%02mn®EWTi BEER & e (ZEMMEMTIE) ORRELITE] e &
BALT B0, A OEEN (7—-6) XEKMLTERT 720, Fra DEITEE 1 X
D EVMEZ R,

@ EEDPFEORELD 2{ELLT & 72 HDERFMSPE 0.2 pm LU T O YA G CIL, B O8N
<720, (7—7) REKML T Fuax DRV XOWEI BT 5,

A A A MR ORLT YA ZRAFNED FEBR

SEEJERF 2% 0.08 mm 7> 549 10.0 mm D SRAVERN. FARL 1-FLAI O F IR I A & TR
K& | JE I EE K DR A A RN & 7=, Pauly—Schwan/Hanai #i&12 L 2 5HHEICB VLT,
Wb BT A—2—%, 2 BEHEERL BT R & BaB O RFE L OMYE O &~ OIRFEL
IZDOIMEIFT A DT, SEHEE C/S D% UWNERICITEIT 2 2 L IXEHEIC B L0 18]

4.1 FEBRFIE

SEHTERF S 649 0.08 pm (i 0.064 nm) 70549 10.0 um (7 & 8.1 pm) & TR
R B2 T2 W (YR ZE 10%R0%) ORALERNL IR 1225725 28 OAAEZ, = b
— VR X TNT oy MEERAWTHE L7, 40°CTHEM L7z Z b AR 2 ERISHEICH W
LTI, WL THI 100 pm JEORIRIZEIE Lz, MIEEESFIL, # 3 BESRICEEHO b
D& AN

4.2 FEERGEE

AAFZGE AW TR 70N RV A DR OB & LT ERFA 2S£ 0.08 pm. 0.20 pm & 5.1
nm O RALERNT H IR 1 DOFE ER KIS E & Fig. 7-5 1277,
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Fig. 7-5 Typical dielectric loss responses for AgBr cubic grains obtained experimentally. The
grain sizes are 0.20 pm and 5.1 pm, respectively, and these values represent diameters of the

sphere which has the same volume of the cube.

WIS E—OFEHRIMREZ R L TEY . 22D AL b DA A AEEE,0.08 pm K
FML.0X10™ Q™ -cm™', 0.20 pm K F7A85.1X107° Q™ -cm™ TH Y, 5.1um KT 2.0
X1077 Q7 e em™ TH D, RE LB DR A T, PRI 0.20 pm. ORI, K-
DEEBENEASEER OB TR SN 2 L1122 D, —F, WM SEN 5.1 pm O 71T
FBABORIBI ST D RBHLED /N E < RFREMZITIRIZEA O TR S LD Z &b
R DA A AREEEIZIEDON TN D & FREND, 0.08 nm KO EHANIE 107 H z 25]7E
IRATH LMK 22T TODR, WTNOFBRRICE SHPEOBNHE D=2 2R L,
fEHE B IHEE LN LD, BRIV A RORAR D ORI T1E, BT A X3H8EE
FEOKFRETH D LEZEZBILD,

BLF-H A REIFE O FEBRER % Fig. 7-6 (77T, ZORNIR LT % O A X0k 1-OF5EH
SIS, Fig.7-5 1R L2 B FRBE, RFEOBOE 0 v —2 2R L, EREROADOL
BRDLFERER RIS, BT A REEEOBNZ & 2R E 0 OB, W E 5
PRI A XOMHU IS 2D 2 & 2l 1 OMBIHR, HEREMmAOZE M AHE 1 L0 b
KEWEEROFBAR, FHOHE 1 2R MBI O 4 ROMHMHIC & 0 | EEERR DR
YA REAFEZ DO HDD 4 DOV A GR35 2 &3 kT,

@® &, BLFH A XDOZAGIZK LT Fmax DIENZAL L2 2L R8T H D20, BRE G AN
2.5 um A DN ZNITHET L EEZA6ND,
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© OEABENFK 2.6 pm 2> 549 0.33 pm OFIIL, Fmax &KL I A ZOWEL L HELHIT 2D
M TH D,

® D% 0.33 pm 75 0.12 pm DOH A Rk, QOFEILIFREICEZLS & BRI LB O EIC
Iz, Fig.7-3 (TR LI BEB OARE AR - A ADOK TN EFT 5B Z 20T, fmax D3
BT A ZOWEITKT LB E 1 X0 b ARSI 2R TH D,

@ OF0.12 pm LUF O A RIKIT, Fmax BFFORT- 31 ZOBEITHHIT D8R TH 5.

D XSz, Fig. 7-4 OFEFEEICHNT 4 SO RFEAS . EBRFEEIC S B,

Bz, LARMIC Takada 28HIE U7 kBl 24, HIEEAIXIZIEQOMEE 28 1 & 732 5 fEhk
WNIZH VD | RO E+ 5 & L= Takada DR LS L TW\W5 2,
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Fig. 7-6 Size dependence of frequency maximum in dielectric loss response of AgBr cubic
grains obtained experimentally. In this figure, (grain size) means sphere-equivalent diameter.
There are four different grain size regions similarly to the calculation results in Fig.7-4.

indicates the area that was reported by S. Takada 2, in which /max increased proportionally

to 1/ (grain size).
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HERIICE DY A ZEIFMHIZEB VT, Pauly-Shwan/Hanai #igd AW TR ORI 4
DY A ZFEIDIFAEN . ERRICH W o1 7 AR DY A XA IR 72 2 LI X0 EhR
IZBWTHiER SN,

i £ CHEBBNC AR LI TRIERA 4 v 3k NI — 1204 L7z & LT Maxwell
-Wagner OHig% FHWHEZ L2, Foax DIEIZ, KLV A ZOBINE & HIC@QDREEEDD
OO D> T, 7NV T DA A UAZEECRE D ISP L T & | Fig. 7-4 OFHEEE
R Fig. 7-6 O FEFFERICRND L 924 DO D Z LT,
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BB R DVBL TV A X OWENZ B LT D4 Bl O FEERFER & OF )5 128, Pauly-Schwan/Hanai
HESIZ I T, ZOFROFEBIICE DRV A ZOWHI AT 5 DI1E, @A A A8 ED
B EARA A AMBEE OB ORFE O EL TR SN D Z &V 5,

DT, ERASENBIOE LD 2 fFICE L 250 & @QOEIROEERIZH VT, Fig. 74 ®
SIS & Fig. 7-6 OFEBRER 2 TRMICEAS S5 & FHRRE THE L2 0.20 pm OERFHY
BEIE. EBFERTIL0.12 pm (YT, FERICEHREMS R OSHERAE Z£1 0.12+-0.20=0.6
LTI A RS ST 2 L THLND 4 5DV A fEKIT, OLQ@DEHROEERA 3.0 um.
@LQ@DHEIKDOEEF T 0.30 um & 72 W BEREFFER DRI 4 SO Y A XFEHROEER & 12FE—E
Do EBRNOELNZ@L@OFIROBERIL, BN 0.12 pm [ZHYT D2 b, @A 4w
(REEDRREROEIT, FHECTHRELZ 0.1um LV#< K006 pm B HNE, T7hbb,
A A AHERE & LT A T2 ZE R EARE O 31358 0.06 pm & RATS b b,

BERE T IR BT 2 EnMmb TS TS, — 05 AT BIE, 8E2 0.035um 7
5 0.148pm O = U 2% & mTe I v RAGIRNL T IR - FLA TIL, N A DR SRR
OYHEINDEELY QIREREL R 2 L E2R LTz, e bF USFIRICRETDHZ LT,
COERTF LTRENEIE TS Z 20 b. N A RAITEE D BEIR T, M & EFL &2 L
FETREO N F U REEAE LT WO THHZ EaR Lzt D) 18, ZEHENEOFEI,
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D BRI L2,
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TR LT DRI STz, 29 LTI TABERRI IR, K~DRMBENMEN -0 7 AT
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ENT-ETLIELEOFFBEOHEX, EAOEEMHITKGF T EEZLNDY, £, A4
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FTH, FAEBENXRMICRLLEEZLNTNSED O —F KFEEA 4 itk v Pins
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EEENREL 25D, Froa TRKFERIT, BOA MR8 EEZ RS Z N TRy 10!
DRI CH@EmWA A MREER TR IND D, R CTOREFII D222, a7 AR
RL T D— M7 A A ABEEERIELE Th 2 ERRIEL, A AV BEERSWEAICIE, &EE
B COMEEAT O MENH D03, HERIETOFHERINE O @ EREERME 10MHz f2EThH
o722 12 = oAk T OFE RIS A IZE LU 2 Tk, IKIRT 2 2O B — 7 OfFfEZ R
Wed~ 2k e A 572 28 SIRATEE T, mERE B — 2 Z[FE T & 9 B & AT k2 o 72 2,
AWE T, T VFWEEEHOA = CRAREEINZEAN L, FIRICH T 20 E P2
2GHz £ TR L7z, ZOHEEIZL Y, X @A A AREE 2 H T DR Ol il REIC 72 0 |
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A TIL, IRERGMEZ IAVEFH CREMICEHE L, ZvE THAE ST % BALERBkL -0 1 4
MR BTFRIRA T DERT R — K TFORBART v /b EDHEZIT/RV, I
(LSRRI - DA A iR B2 LD 193,

B2E A A AMBEENE & ERART v L DOE

FEBLIEICE DA A AMREEREIL, A A MNRHE o LFERIOMKE 525 20— 7 JHik
B Fmax DEBIBMRICHD Z L 2FIHLTNETY 19

TR DS F-TIERA A DGAIZIE, A A A8 EIT TR (8-1) FHUTHEV, &7 RIERA A
v OBENE L REORIZHET 5, EOIEH LRV — Eag 13, B THRA 4 OBE—x L
X—U AR RV —AG O TEEND, T2 TnlIBFHERA A BE, elXFEMN. u
IR TF-BIERA A OBBIE, A 1TERK, TIIHSHRE, & 3Ry <=0 ERTHH P,

o = nepu = (AIT) exp (— EadkT)
= (AIT) exp{— (U+AG) IkT } + « + « -« (8-1)

HRTRER BHO I VALERFENIT. VY 7 A4 MEEEZIY . A F U REEICR GO ® 5
TERMBENTND ) 10 = DA A AREEO RS, AT RIRA A OBE = L X —0D
BGMIZ LD, BRI VX —IE, il AT U (0.62 eV) & TEERSr Ui, (0.29 eV)
MBRBM, BEDEINNEL | ZOEFREND) ) o> TA A AREEIL, c B ATy
oy WEIRESY o HRY | R BCROSGEIZIE, (8-1)RAUL(8-2) RDERIZ 2 DDy
DOFITRINDT 12, ZZTon o, 005 13, 2183 DIREUL. A, AZE DT,

o =Con + 20,)/3
= (A4, IT) expi— (Uy +AG) kT }
+ (A, IT) exp{— (U, +AG) IkT } =« « « « - (8-2)

Kiteh D 3 UALIRD A A AR L, S|l CREICIEM b =R L ¥ —D/N SV c SISy D 7
WL, EDBERS LT D Y, REETIE, I VLERRI T DA A U AREE &2 BE N D
RIRIZNT THIE L TWA DT, B RIERA A4 DERT RV —D/NS7r (0.29eV) cifilciE
B2 " HHDRE RSy DR 5N ZEAINC D (8-2) UKW TR FHIERA A v DA = R L F
—MN2fELUETHD (0.62eV) FHOTFHIT/NSL, Tr=vRAT vy MIBINDA A 158
£ old, (8-3) Ciltlan s,

o = (A, IT) exp{— (U, +AG)) IkT } - -« « - (8-3)
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E-C, (8-1)RUTHTF 2 A A UMREEDOIEHEALT RN X — EagiE, = U {LRMKI 70K TIE
TRl (8-5) RTEBENDLEEXBND T, ZOLEDOAF L OBET B ZTHBAIO
HTIERA A OBBEEZTRY, IR bMBFbALEEZ N 12,

Earg = U +ANG = U, +ANGs =+ - (8-5)

—XFDOREFERA Ao E8RA T 2B LS D T L VRO E R 2L ¥ —AGr 1T, T
B8R A F v DAERT RN FT—BLOEEA A ZBIOER T RV —DIMTEDLEIN S,

AGr = AGi+ AG, e e e e (8-6)

FEmNEL T 7 U o TV RBa DN ERCT D55 2R SR A A LR A A U ZE LD A RN RIRFI
BExD%. AG =AG, BN TWD, KEaN Liz7 L7V RIxtOAERKIZ, EICHEL
e U TN BERA T DB L TREN OIS FRISRA A 2 b 7R e AICHELEX
VIR, FEERNE O T R OEA T BBE T H & THRA A UL EERT LT r AN
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2EATHFELCTHD,
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— R, FEERREICEBRONEE LRT O Y VERAE U AEAIT, NEHENFNEZIERT 5

BROWMR DEIAT, THAARE LTERSND, N T ACROGEITIE, Hitdh NER Ok T[]
WA WREn  LFEE ZANT, TAMRIE(8-8) XTHEZBND Y,
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BN/ NSNS S /NEbE BP0 MER ORI F o tha BiF, %ETo
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DE—7 BBIEINDM, KIETIEDEEL T -2 20O —27 23, éﬁ:ﬁd<t%ﬁﬁ@@’
7 MNLAENLEOERY ML, SHELI-E—7 TlEelholz, = BNEESHA, E
HNmE BT 52007 ZRELT, E—7TIC LY B — 27 DBEaiTo7-, — JJF»%’EU)
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Fig. 8-1 Dielectric-loss response curves of silver-iodide tetradecahedral-grain emulsion with
average equivalent-spherical-diameter of 56nm from 173K to 293K. White arrows indicate the
peak positions of the low-frequency side peak. Black arrows indicate the ones for the

high-frequency side peak.
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Fig. 8-2 Example of peak-separation for dielectric-loss response curve obtained by assuming
Gaussian distribution. The solid line is an experimental curve, which is clearly separated into

two peaks as indicated with broken lines.
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Fig. 8-3 Arrhenius plots of the peak frequencies in dielectric-loss responses for both low

frequency peaks (LF) and high frequency peaks (HF) in Fig. 8-1
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DD DIFBIZONTLLFICELET 5,

$RA T e A A AU PR AEICELE Sz {100} 1 CH E VSR EALERRL 71T
H—0fEREAY—7 2R 1Y, —J, Ebon—FHDA 4ok ns (111) mChlE
Mo NTEAR RAVSRRL 13, RE RISy & @R D 2 DO — 27 2R3 2 LM bATH
570 1Y ZONEERRAGERRL T2 380T D ARERE B 1, RIS B T DR TSR A A i

LB LIREISND —F . @EBE L, REIZRIE LIZRA 4 OBEIR 6 & HEE S
T%k”o:®ﬁﬁﬁ@WAﬁ%ﬁﬁﬁMﬂT&5@%%&%%#%%%3%6;k?ﬁ%?é
ZEiF, ZoBRELFTALEAOND Y 18, —F AREOU ALY 7 A MEEEZ RO
@wavmﬁM%i\Eg4;m¢%;{mm}@&U{w{UE®2@®%@#6%%éMT
WD, WIS RAREE {111} & FRRIC, SBA A i AbA F o D EL B0 D 5

DA FLBINNG/2AHTH D,
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Crystal Habit = {0001} , {10-1 1} Crystal Habit = {11 1}

Fig. 8-4 Schematic diagrams of a tetradecahedral grain of silver iodide and an octahedral

grain of silver bromide.
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OEERANC 2 SB D — 27 REN D Z L2, I VR AR F CHIER TE -2 LIt 5,
o T, A S VSRR T O%E b IRERER S S E R RAGEREL T & FERIC, RL TN
DA FANEHEZRKM LTS EHE L, 2k, AfdG CIHEEEEE —2 Lo fiohn
TeT =2 &R, A A AR L 22 T8 DR 21T - 72,

5.2 3 TALERMORI 1D A A AR
THVE TIZHE STV D 3 UALERO KRS &t K ORALER O KR i & PohL 1 D A A ARG 1B
T 57 —4 % Table 81 (TR, ARG THOLNAREEEMOBELAEY —2 L AL DA
FANGEE 3 LSRRI TN DA A ARERSY L L, I DL A A AR L 2
DIEHAL =R V¥ —%5% Table 81 OLMICEEH L7z, FH. FEIMNICEEREKLS 2 HHE L5
BEBEMHE L ORLE, b OEE iR LU FICEET 5,
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Table 8- 1 Comparison of physical properties for fine grain or large crystal of silver iodide or
silver bromide. The values in the column of silver iodide fine grain are the values obtained

from the high frequency peak.

Large Crystal Fine Grain
B-Agl AgBr AgBr B-Agl
Octahedron 200 nm Tetradecahedron 56nm
Reference Ref .10, 11 Ref.17, 18 Ref.12 This Study
Ionic Conductivity 6x1078 (Cp)
2X1078 2.3X1075 8X1076 (2X1074)
(Q t-cm™) 1.3X1077 (C,)
Mobility of Silver Ion
4X1077 (Cy) 2X107¢ — —
(cm2-V—1. s71)
Activation Energy of 0.79 (C»)
0.68 0.36 0.42 (0.37)

Tonic Conductivity (eV) 0.59 (C,)

Migration Energy of

0.62 (Cn)
Interstitial Silver Ion 0.15 0.15 0.29
0.29 (Cp)
V)
Formation Energy of 0.21 (Interstitial Silver Ion) 0.13 (Interstitial Silver Ion)
0.60 1.06
Frenkel defect (eV) 0.85 (Silver Ion Vacancy) 0.47 (Silver Ion Vacancy)
Surface Potential (eV) — — —0.33 —0.18
Debye Length (nm) ~400 ~10

A ALIRRFE R DA A AREE X, EORE W cITEEKS T1.3X107Q " *em ™, (8-2)
LAEBEH L FETIE1LIX102Q " em ' TH Y 1O, BALRAFERTOM2X10 Q" » cm
TZHRLIY 6515, HHWITES fEEVERHRES N TV, —F, AEELNZ 56 nm D F ¥
{LERBERRL T DA A MEEE L 8X10 QT em ' TH Y . KL T Tld 3 VAR KEESL D o filiEE
LD BRI 60 %, (8-2) XAWH L7 P TIL 75 s R &EVWMEE R LT,

2T U, AR RACSRERL T DR ' — 2 v B IS 5N D A A B I, BRF 244 200
nm DOHLADT23X103Q " vem T EWIHERHEEINTEY D, AHED 56 nm D = 7 {LERHK
B DA A AREEIZR L TH 3 [EREV, £, ZOMEIZEALSEOREEH LD 1000 K
TN LT 0 BACERRL T Tl A A AREE DRIV A XOWIITITHBIT D 2 &0 D
19 56 nm OMBHKL - Tlk, TOA A AZEMEIE, 8X107°Q " - em TRRE L TS, RV A
RO A VLSRRI & R L7356, 10 B RERE SR L PREND Y

ZAUTHKGE LT, Table 8-1 (/R TERIC, KFGduIZHIT DA F AEEOTEMELT 2L F—%,
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FALSROL A 0.68 eV iZxt L, = LRI c BTEE ALY T 0.59 eV &/ W3, ok 7 Cik
FALERDY 0.36 eV TH L DIkt L, I A bR 0.42 eV & K/ TlET 5, Zhickvay
{EERIZRACIRITHE A KA & R TOA A AREEDEDN /NS WD LAV S

:@%%K%LMTL%%ﬁéOkﬁm®%é®7v/ﬁwk%ﬁ®$&ixw¥~m\%m
ERAY 1.06 eV Iz L8 3 (kg% 0.60 eV &/ E WD) KiEEhOSA, &1 HI8RA A4 > DR
THRIF =L, 7 L VKRR O N0y & B B 729 BALERD 0.53 eV 1%t L 3 7{EERT 0.30
eVERMELLNDTD 1Y,

— 1 BACEROWRL T DR FRERA A > DAKTF/LF— & LT, 0.21 eV A SN TEY
D REERDBE LD E DT 0.832 eV £ 5, ZHITH L I LRIk 7 T DA% BER
A A DERTFNT—% (8-5) REANVWTRD D L. I VLR TOKF-FERA 4 oBEi~
FLF—IL 0. 29eV 72 DT, A A MREEOTEHLT RV X —0.42 eV 225 ZDOfEZ 51\ T 0.13
eV L AL DL, DL 0.17eV TH D, - T, I VLR THIKL 7O T-RIERA 4> Dk
TN IR LV /NS 220, ZORTORENRLE IV /NN A3 Kk &
PRL T DA A NREE N NS 70D 2 DR LB 2 HND,

I ALERBIORL 7 DA A AREE 1T, BALSRICHAMEL | IBBERICB VLT R T v 7 ICHE SN
T2 EA O EIERA AN XD FFEE L, 3 VRO SN RIE LV BN LT D, IV
{LERIZ, EALOBEMERE W=D, BALERR & BRI A NS =BT L EfLED
FRE AR DS, & T-RIERA A N L AR ICk L E PRI S2), BT v R R
HAITIX, RERELOBWNT, 7 7T A TV EOEEREMSOAND T N EEET S
{EEWN, ~Na F U AREEOLZERAE L THWONTE 2, 2 b ORBLEANL, [
A A ABEEE TS HIEAEZR2 2 19, aufbiomElEE x5 LT, 2o 0REL
FNZ X DA A AMEEE DRI E L E D L, MFOER NS L EEZHILD,

5.3 = VLSRRI - OFRRAT > ¥ L

3 VLSRRI ORI AR T ¥ M LBET D, 3 VOGS, 7L VRO AR
THLF— 0.60 eV &R DR FRIERA A AT /L ¥ —0.13 eV DD, KK DERA
I ZERL DA TR F—110.47TeV L RS bND, ZOEEZHWT (8-7) Anbh 3 v kR
MR- OREAT vl eps HRDDH EERT—0.18eV 13 HHLILD,

WA T TALER & BALERD L ORGT-RIERA A4 PR E % i35, Table 8-1 1255 & 9 IC=HIE
BT D EALIR O TR A A > OBENE L 2X10 “em? -V '+ s 7', I VLR O TR A
F OB c AT E LT 4X10 7em? =V 7' s s EWHERHRESNTND!?
8200 o TRALERP O THEA A OBEEIL, I V(LET O ¢ Bl FAT/28 TR A A
Y OBEEEITKR LK) 500 fERE WV, —F, RALSBKRERDOA A AZEE L | I V(LR D ¢
il & SEAT IR Sy DA A AREE L, FNFN2X1028 L 6X108Q " - em ' ThDH, 2T (8-
1) XEHNWT, ZNENOKTHEA AU IREZ RS 2 & BAGET OB A A IRE
I35 6X10 il em * . I VALERP O T ERA A U RREITH 9X10 7E Sem & B i,
3 VAR 1500 fERREWVZ LT D,
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Takada (X RAERIZONT, (8-8) KEHWFHHENLRIEEHF DT A K% 400 nm R &
AL o712, Lh L, ~aZF AUROEEIZIE, R OAERT D FHEERA 420 b 0N
ZEIER ORI T 595 2 L0, RABBDOGEIZITT A R ERFREPHTT 52205, (8
-8) RUTHES RIS V OZUMENGHER L oo TR 19, 73T, BAEN H IR T D
A T ANREE OV A KKAFEOERFERITH L, K Fa2REDOEA T A BERE L WO/ L
NG D ZEBER ICRY T, BRI _EEEN TOBFEBRRISE ERET S
Pauly-Shwan / Hanai #ia 2@ H L 72k 5, @A 458 E 2R3 OEA% 60 nm fE & 7
B0, BALERKI T OEMBEMEOREALE 21219, ZOEAK 120 nm % Y) 5 @Hk 7 TI,
KL -INOZEMEMENEVNCERD EHEE L7201, Z ok, 55 78D Fig. T3 BL W75
DOODOFEIKIHY T2 EEZ HD,

BRI (8-8) R&YUTIHLH L. TS KRDEZITHN 10 nm BE & RAER LD /I
ERRFES b, 3 U LROGEAE S, BAUROYLERERICZEMEREORERL, (8-8) KT
526057314 (10 nm) LV EL R ENRTFRHREND, LR -> T, ERFHYSEE 56 nm
DI VLSRR T, REART ¥ ¥ L&l 5 22 g & £ OWNENIZ IV 7 @RS
LHEHESND,

Mifune & (ZERFH2 2 29nm O 3 VALEREMKL 712, WAERLE L EM 2RI 5 & R L |
NOT VA WNEEBEENWDTHZ 2R LT, 7 UA R BT IEFL O 258 )3 ]
ENDHEBEZLNTEY Y, ZOHEIT, EASR TR EOWAERRE TIHEEAWIC L v g Sh
W INToZ LIZLbEBx 65, 3 LRIk +O5EE. 731 REkoOZMERS, E
LORBE~DEELZRZGIC L TND EHEEIND,

I U LERIT, R TENES THDL Z EBMONTND ), ERHEEBSAM B ~D R b 5
2. BBEAGRIEIZIIT 5 A A it L ERE (EAL OFEGERE) ORRE S HIZH~
DT ENESBOMETH D,

o5 6 i« Atnm

1) RAF el oA A DOBPEINIT L a2 FF o+ iR S vibER 1%, Nk R
LSRR T[RRI 2 DOFFEIAL Y — 7 2§ 2 EXMERB S, i — 7 2RI OS2 2 &
NTE, F REREER Y — 7 OEFERIFVED S | A A AREE DI L= F V¥ —% 0.42
eV L RIEL o7,

2) KRSz 0TI T ERIZRILER L U M A A B E 2R T, Ziud, A7 BT 5
TERA A DERT RN —=DNINZ LIZLDH DT, BTHERA A OB L —
L, BALSRTF LD b LARE W, R FIZBITDRE ST 7LD O EERA 4 DR
TARNAF =1, F VIR E BALER & DEN/INS 72D, 1o THFH DA A ARG X5 L |
MR- CIX AR DA A AREE R E < 72 D,
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3) = ALK DR MOFEHR L — 7 DO/ LN DA A U AZEEOEME L= 2L X —
ERHO, REHART Uy vERDDHE HIRT—0.18eV &2 o7, I VLIRRMOT N1 %
RS 5L 10 nm FRE L 720 | MR T bR HIZZ M B E LT D L HEE LTz,
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I TRE 72 B KA & LT 1073 205 2x10 * Hz, JREHIPH L LT 100 K/ 5 400 K TR
EaBEZONLHERKNEREZTE Lic, 7o, B W@k 7248 5 Maxwell-Wagner P12
*f LA EME R %24 9 Pauly-Schwan/Hanai P &/~ 1 7 AR ORE 2 BERERT - D3RI
WH LA ZRE L, T2 AWTLLITFOZ Lavl- 7,

1) PMT %W S 70N IR BALSRIKL - DA A U AMREE OIR R TFIER, KGR O A 4
ZMNBH SN, ZORIC, FEHART AR R—SU R E LTAS b TE Ir? o
T EPhE A R—TFTDHE WT IO R—30 hHERA A 2L E R NI BIA A,
FEOIAENTBA A 2L L A A s8I HFE T2 b0 LB AP LESET S
HLOBGFIETHZ ENH-T, RAAVELDOSERAFT L, Ir? TOH4E 0.10 eV & FH
b Hiv, Pb2 DA, 0.26eV & RES bz,

2) BALESRRI T Ie® A F—7" 2 2 & TR LTz 2 SR T OFER KIS E BRI 2
EREER - OFF ERINE & itk 3% Pauly-Schwan/Hanai ¥4 j@ fH L 72 F5 58, Ir? T oA 40
ZREER R WD LIS AW TR L 72 RAKER 2 BERERI 13, A A AMAEEERYIZ IR /e 2 EiIE
AL, Ie? A F v F=7 M LI F—THAHEIIER S D 8BA A 22 n i) (ZEFERE)
%, 0.01 pmPANDEL TRMRZ2NHENZ 72 6T EMEMELZ R T 5 2 LAV 7,

3) FEHNCHE R OIRMEERIREE DS @ OIR A LIR OGS RL T O ERRICE 2~ D & |
(I8 D S 70 5 W 2 " HRIE AR NERICTZA T & 5 2 L3l » 7o, BHOEEE N 7
FE 2 35 2 & T, WRIBRRICRE R A A B ERE & Ff IR BAVR —BHEh 12
BTE o LHifFEnD,

4) RACSRRI 7%, mA A MG L e DR M & NE O/ L7 F G 70 B T EASERL T &
RN T, ZOFHERIGCEDR TV A REEM 2T, FEBREER L EFHBEER L ORENHZE
MM E DR X 2% 0.06 pm & RS o 77,

5) KMEERIT, KFGFMmICHBWTERALIE L U\ A A ARG 277925, MW Tz R
{BERDA A MBI IR 70D Z Bl o T, A A AR OIR R HIRILER DR
HART oYy vERkODE, RGROKESERETH D Z L2V 72, IRMEERIF1T 10 nm 2L
TOT A RZHTLHZ LD, BAUE L I1TEZRY | 410 nm OFEMkF T HRFWNERIZ SV
JHDFEL, BUBRNEERZ b7 b T EMEMENTFEL TWD Z &R T,
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REEDMKERFOZ L ovHl- 7,
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Fig. 9-1 Structure of adsorbable reducing agent Compound-I
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Fig. 9-2 Emission spectra of silver-iodide fine grains at liquid nitrogen temperature excited at
355 nm. Dashed line : with reducing agent Compound-I shown in Fig. 9-1 adsorbed on the

grains, solid line : without Compound-I.
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