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la : R = 0 
b : R = Se

-Br + Mg

3

I + Na,R 

4a : R = S

2a : R = 0 
b : R = Se
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2c : R = S
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4 b : R = Se

Br—f y—Br + 4b
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3 # t K ir'f fs

© i #-f ,r>-'}i-y-zfi' 'y
FTS [ R = CHj_ - OS Ox. — O — Cbis ) h 3 j-fs :j) k-o i'T

Ztf if Is K tfj f|U ^ I /< © 1", (A), (B)vftuiif:^ 
X‘b, \o^/Ao FkT- 0 ^%?j;mff©£*X‘ ft:A)b fiK*T, K(B)Ff\f t3"T"'

H ic-tf/cn) 5#^, cmt-?-*)$]
if M 4j fr if bkK.

*-7

£\, ns-ixi^A-^>7" f A

doping
method type

polymerization
temp. (°C) time(hr)

molar ratio 
(I2/PTS)

conductivity (S cm-1)
„ „ -7A 1 50 72 excess 2.6 x 10
_ -7A 1 RT 2400 excess 2.6 x 10

„ -7A 2* RT 120 excess 4.3 x 10 ‘

B 1 50 72 0.5 2.2 x 10-10
-4:-----b 1 RT---- --- 1440 0.5 1.2 x 10

„ „ -SB • -' 2* RT 120 0.3 5.6 x 10 3
-4B 2* RT 120 0.8 1.6 x 10

* Co*° at the dose rate of :1.87 x 105 rad/hr.

Y'h'>}-§]i, 7/<>h4M
(&?-), tX'7'{x®($M) y-v>7. 2ft
II f-fz/ 0 n *x, # i&lx's f? ivj iv fc,

^f| f© < > f AS b PTA * B^9 > T • f]Ji£

doping-polymerization* dopant molar ratio (dopant/PTS) conductivity ( S cm-1)

B-2 SbF5 0.3 5.6 x 10“6
B-2 SbF5 0.5 5.0 x 10~5
B-2 AgC104 0.3 1.6 x 10~5
B-2 AgCl04 0.5 3.3 x 10~4

B-2 FeCl3 0.2 1.5 x 10-5
---A-2 --- - so3 excess 1.9 x 10"4

* Co^ (1.87 x lO^rad/hr) for 120 hr at room temperature.
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rAHrt, PTB ;>U*4€a nfiy4(rttft<MSa
r- 9 Mm rv Hu kfi biwufrm, n&

it. R-jOkt/Hcocrisrbif.

£ K- 7't-ft $4^/< ,#'j M rf’9 y /ia (-io'^L

tiimL&rt iS,
—CHpOSO'^-^^-CH^ # -CHpOCONH-^^

Dopant Molar Ratio Electrodes Conductivity
(S/cm)

AgC104 0.5 Ag plates 2.5 X 10-2
AgClO^ 1.0 Ag plates 3.4 X 10-3

-?AgC104 1.0 Au pastes 6.5 X 10
(7.1 X 10-2)*

AgC104** 1.0 Au pastes 1.1 X io"3
AgC104*** 1.0 Au pastes 1.9 X 10°
AgN03 1.0 Au pastes 6.8 X 10 3
Li I 1.0 Au pastes 1.5 X 10

. -8Et4NC104 1.0 Au pastes 1.4 X 10

* measured by the four-point probe method.
** mixed with monomer crystals, and polymerized by y-ray. 

*** mixed with monomer crystals, and polymerized by high 
pressure (4.9 GPa).

i<j>, t •) - PTJ -»r-
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f>'), X^iMI /ttf pjZfct/ix'fiK^v-? Yr^l^Y-
r>/u K##-, tRM >tt~/o- ^/cH) p),/ '?)Vly('t~/‘’s/c*i/>= 
€# K ?] &UfX (£.4-). $•$!« H’<!•)-/f IW >, QSf BP/fi SCf » 

(S-F) Ti5; 7 A/< ;IL2 f rH,$¥tH
11 a : k-n-^> />,

/yw> *g (.&(>)% v r- *-'7“tsiki' v
escA,£SK$i'*')mPnK M,

JhiH&tMfijfJt&te'isfrfaR. * h,^tnij 77 — r 7 "Sl-so

Conductivityundoped ( S cm-1)I2 doped I2( wt% )
BDy-oc 10-11 2.1 x 10-4 63Cu1+BDy 10~9 6.3 20Cu2+BDy 10™9 10.2 42Ac-oc 10-i: 0.13 56Cu1+Ac 2.0 x 10~s 0.24 23
Cu2+Ac 1.5 x 10“5 ' 2.9 51 •

#4 . ,f‘ !/ - f> ,$ PYP')-A7/^/> /)#€.-}77 -^-

f/A'T-MkiM tfc1'tL/M-y Y'*'> Y it At 31 &&'})'»'

ft |, v<) 7 c 4 t-x| -$. ^ ^ - - fe £ f f» f .f. n
(/\c)rhi)fab\\fc Ykb)a:
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extraction with —^ Vacuum distillation—> TEB5" monomer 
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Exp.
No.

Solvenc" Electrolyte Tempera
ture
in aC

Current
density
in
mA/cnv

Time 
in It

Conduc
tivity
in S/cm

1 PhNO, Bu.NBF. 5 2 2 II
2 PhNO, HujNQF, 25 2 2 6.2
3 PhNO, BtijNBFj 45 2 2 0.96
4 PhNO; Bu4NBF4 5 1 2 1,5
5 PhNO, Uu ,NBF4 5 4 2 1,2
6 CM ,CN Bu4NBF4 5 2 2 0,052 j
7 PhNO, 4- H2Ob) BujNUF, 5 2 l ci |
8 ClIjCN +• H jOhl Uu4N[lF4 5 2 0,13 d> |
9. McNOj . - Bit jNBF, 5 4 2 0,025 I
10 PhCN Bu4NBF4 5 2 2 0,1 !
11 PhNO; Bu jNC104 5 2 2 36 |
12 PhNO; Bu4NPF5 5 2 2 7,4 |
13 PhNO; Bu4NI 5 4,5-5,0 2

XT fret, fii K-7 ”-7/ w A ^ x 7 h/i/ti M&ftfo, 
tr'^xAi'(/fc jfNj{j-.£~-jf3-=-v y) <?)3.^7 hiVc — ^> z k.fl'7,^iJf$f%.

bk1$ 7/ Zl/A (i, A°'j {2j--f^-V>)7:-fo%~h 6 f+S

7y AA f l3, 6*4-°, //■** ^ c^-'lz^l/i' \y£Mi£jJ
[7 /.j^cvi'1 oiPfej-lLY%, fllK'"7'A'AA&5'7fl^,^ y' \'-'P>J*L{z$}$~/

1500
Wave length in nm

Fllj. 7
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> K Pal l Z fej fee 7 ft fc / <> h" l z 1 -Q i) <r> 7 ,# i ^ it 6, 
s K'7% K ?< ^A £ 3 ^1 r. PAK- ^ >7>vS> 'J,

i;£f5„ :fuif /T’7
$j isi/.yhiMi/iljv'4€'^ r-^2.:mfe^T-wyjw/fefefe
*kj»t> t> k. fLb K %>. 4 f'. BT+ y- *'■ >7'pre /kAa SEf f#
jlf/^?-y»*c#Tfd.

11 X -7 # v> f ft >^> Klo Zjfbf ls/7 e il\ Ilf

J-<>2t>(7.#.te^-r; T-f),rzt'%
■ ^mhfS.^S'kt iz>3- A7/-f/f-7^ a( i tfrunr
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K, fH%#it# f̂%f.fe77:tf: 
Jr'J, A^3"^(/A. "r/fmz-f^.imi^-'k
€^f jLfr'M-.

<gH<:H=cH^-^

n ~ 1 1/2-di(2—thienyl)—athvlene (E)
n = 2 1,4—di (2-thxenvl) —1,3-but:adiene (BD)
n = 3 1,6-tii(2-thienyl)-1,3,5-hexatriene (HT)

B5 k Hjii, ^ilshMfifrtr t 7fz , IKS’) -hbfl
fc')7-n y, t'*tf.%.-z-t%&u k^'fiAHtf>o:n<m\
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Solvent Electrolyte
Temp
CO

Current density 
(m A /cm?)

Time
(h)

O"
( S/cm)

THF Bu6NCI04 25 1 2 5.6X10'4
PhN02 •• - - M 5.0X10"'

- BuzNBPV, - - 0.9 8.1 XI0"5

•• Bu/.MPFg - " 4 1.5X10"3

- Bu^NI •• 2 •• -
- Bu^NCIOi 45 1 2 1.3 XI0"3

~ •• 65 " - 2.9 XIO"6
** - 25 4 I -

** ” •• 2 2 4.2 XIO"6

- •* •• •• 05 2.6 XI0"2

“ M •• 1 4 8.3 XIO"2

ee •• •• 0.5 0 1.5X10'2

*• » - *• 2 1.0 XIO"1

- - •• 0.2 20 1.7 XIO"2
*. - 5 6.1 XI0-2

F-^>7"(B)tKiHc* -'J'Zffrk CU)'>pJk,&Z*t7HIXH- j. ,t'*!/fx-

i/ > (c ^ \ r I ^ x M r i ■1 #,

1500
Wave length in nm
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A-17

"t-QH-n

(I)
la Poly(2,6-pyridinediyl)

1 fc Poly(2,5-pyridinediyl)
1 c -Poly(5,5-pyridinediyl) 
Id Poly(2, 3-pyridinediyl)

—£ N = CH—CH = NT—Rr^

(in)

ID a R= 1,5-naphthalenediyl 

10 b R= 2 , 5-pyr idinediyl

(II)

II a R= p-phenylene 

II b R= 1, 3-naphthslenediyl 

He R= 2 , 5-pyr idinediyl 

II d P.= 2,6-pyridinediyl

(IV)

IV a R= p-phenvlene

IVb R= 1,5-naphthalenediyl

fc‘l (/6--7T^py;x/lz7< PA sFj- c
£ if-i"- h <f-T- *
-9'7## IT, rtvy (^-7^-Vk-P
(rrsel vf.*y 7'7i^MrSc
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fjir-0 K-/x> H^6 (x #
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( me
l J 2.£v°c # feA'^

life ir\h^r

>V7"D Tfe PJ" y frfrClsf-Z»

T^O^Ser

PPSe

^o-O)
n

n

xOSe-O}
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Exp. No. Solvent Additive Current density(mA/cm^) Time(h) Yield(g)
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1. # @

1. 1

1.2^1 8 #

4^-wi/&-6&#l: j: U , 10^

<5 o

(2) S6CI±, ®2«8K#xt. *1# • &S#KMf 6&Rf-f m#%t

ft?tmlift:, %##&& A-*&A.*<oa#?#&a#&#aff&.

1 . 3 SR l )BroS^I$ro$l6H-BK)^ -f y h 

1.3.1 U 7-fceH/ yrofFS

(1) mi ^ ^ (D ^ 'iS ?a. rail 1$!? <b V% "? 3iL‘ B miB‘u [»] x -^- bh ^ V T "E 1/ ~>' (D ^

(2) -t Ofi'n'Ii'liS > v? liiti'^'f >ij| ^li be ^;B &f U x

(3)

(4) ^#^t±x U T-kf- 1% ^OfF

(K#56.57.58.59 ^@E) '

1. 3.2

(1) K-/L7L^U7-t^i/:/(0#:p#B3HbK:'3V'-Cx

(2) B%%59##x^Cxi9F(D^ $ h^ibx

^##Ux

(3) K-^yhogSGu

(4) #%/ Lx

(^^056.57.58.59

1. 4

1.4.im@&I^]^V7-k^lx^(Oi^#



4r --- 2

(1) Cfl%OlS#:&&

t> c 2: *: J: U * W:SB#MT&

U 7y ^^#6 c 2r^-c#it.

(2) f&#mv7?f'-amvx c 2:

A5Fg(DK-/<>h^ML, ^- 2000 s/cm » (Tj_-500s/cm 

U iz. o

h^yx#:

C 2: t cfLTt.

1.4.2^V74z^lxX(7)#%y±-?:A(D#^

(1) K-yu^^V7-kf-yx(T)^9-#a^'fbt:'OV'T^^'/:o

^^WilgP'-i^^ac^vx K-X^htcjca 7^C#i&(D tar6 

6 c 2:^##^^: K-v<y h@a&K:'OV'-c^%3Lt.

N K R #5^0^^ S F- bf ^04- a
K- L'^y c 2:

-2>’r — £ bfritic

U x S ?tfe6c ctiitMft 1~i

% x 2:U^#%<b

o) cfLa-?o N M R
V bf CCO#%y ^-
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Si 1 $©8r?SM lErolSMi

2 . 1 o

co##^m#2:^x.eti6. ^c-c,

#^e^V7-t:^ix^(CH)x o^g^faHb, c

( C H )x (7)^%/ <(7)

^k:^*^-wi/mfr2:j:ums@21% ( c H )% » ^ etc 

( c H )% ^#5 c cas ( c H )% oms#-?#

)& \ $u ehs ja x ^ fe 14 x Jk t/ ^ L ^ 4- "is -V 71/ M ^ $fe Wi {•£ O ^s ~C Swj x ^ *C CD

y-y ut (c H)%. (D N x R v kf >-

y^#y ^3 —y Lx 2: l: "O w T%^ L6o

. 2. 2 ^^A^VT-k^ixxcofF^

(1) 1

cis-(CH)x 2c R Tj L’Cii^flii^CDjIaBFjtwjS (M 3b eb x ^4eb ) •£' r> "O^ >z

-tfy, P-^^i%yy#m^#BLx (Ti(0C4Hg)4-AL(C2%)3)

^^ ^ -t±6 c6, i?y#^CDR0 A^@"CT -t:f-ix>'g"&^fT6't±6^2:^j:Ux 

gll j:?6:7 < y V L^%^Acis-(CH)x

#6C2:tC^3!)L^o C(D^^T#^6/^^^[H|cis-(CH)x ##(7)±#^a 

##A#CO##CD^#\ 6 y o#&&ds K / /f

L-c^ U x v^^:±# /f

xh-e^)6C2:^t)^^7t:, ^Cfx

^(D±^^x i"6:6^)10nin]A@^(7)±#cCDt(D^#6fL-CV\6.

400 - 600 A T& 5.

^^x cis-(CH)x smm&iso " C x 2#fm^n^Li:#,#%{b'6 6

c2:^j:Utraiis-(CH)x(7)^^6^:&^6,/c.
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(4)

cis-( CH ig x(± AsFg K - f

(<r S/cm ) ( Ig x 1^2-2

(A5F$- K— t* ^ $''(D%&&) ^7jki~o crfiSti Montgomery v£ ^ <k o X $'] 5e U iz 

#-c 5. K —x h ^ y V A(?) cr#) ^2 x 10^s/cm

<rx ( 7 ■< y U JKSlfi] tllir*55lSiro a®) ~5 x Krs/co ro$iV'mSe#E 

&7ri Ufc. cn e CO 0-cis-( CH )i7 4 ;UA, Rt/ KeyerBO® 

EK9C CH )x 7 4 **, <rw, c^O®*®

#$ K-/<y t K## LTV'tV'C t I

Ike. m*69M»iteov'TTfc6»$. 0 2 »>i»:b*>a * » e K-tfyy

tJC-5ftt cr/ 5#me&5. fiiBf K — f y Z -c

MzSttth? -c b ^ 1z <n », SEto e ii o¥# i:: 4 Ltos. cod

ia#em%/&*?#&-#-a#. k-/<y ►#$*•* v-t-&e6

4^ -y U T ^ -3 T 6 C 2: -o

tZ o

(3) -?"#%& . SaBsiJI

a . S ~F tiS ia.

cis-( CH )x» %(/' trans-( CH )x ^ ^

^-t^L^r^LlEIS — lx B3 3 — 2H^i-. cis-^x trans-^^t^^^v h

c& c» )%

d #. l tc-ov^-cm 1 2:

ig 3 ( CH )x? ^ y v

b% 0#^^BaughmanS0X^##Kj:U b =

4.47 A 2:^^e,^TV^5, d#a b/2\ b/4 2:

c i s- ( CH )xli; 2,

b#^|Pi(7)[m#A^ d = b/n ( na{##%) (D^-C^)6C
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baa t (±f«l C t O'? 5. + **>%. ■- 75 c. £: ii 7 <

7- v ^foEnn^m i^-aui'sc i t» utv>s.
trans-#:tC-ot,'-C t)l»]*|i,t71®|E|8)( CH )x 

Meyer BOSSit" 3 7 7 ?#&?& < , 7 -( 7 U A-*!fiiJ5»K»^»ro#tA 

/tb ft $i & ~c £> & jrSISSh-fc.

b . An i3H iS ;xi

®®|8J cis-( CH )x O'ie-TE®jvfSi$ (11 -1 ) l±, Baughman, 

Robin «t U -it^Tp. LT* U , cis-

MShh, a = 7.61 A, b = 4.47 A , C = 4.39 % ifxTi

V%

trans # 7)$*sM-SiB. OV' T ii Ban shear. B C J: lJ MM , Shiaanura, 

Robin B K j: y cis-.ft i H Cliiali ‘J , *t£V

dil-e* 3*75 5* Sffii Ob'TV 8 * 75$SEr6] trans-( CH )x 75®?

iEiijd# - y t 0 4 mfe>?atrans-( C H * * - V

75 )W $T * B t r ans -1* 75 ?jin bh jzil ii; ii4 Bi m , a = 6.95 A , b - 2.38 A i^ 

?-SSSs) , 0 = 4.02 A ilaftldi'V/c.

(4) — in" 7 — 7 * v K -g # ®

JttT©S*tK J: 9 56BI6) cis-( C H )x &&&T* 3'< v-if 

©7*f uyl^iSxtf? *sr •* A'S'&irb'*. 6 c £#*>*>•» fc.

uxs*f»**ai$ufc. -<7-if

T##f 6hB5 K-mi-X^ CSttteOFSTE# Ufc«*K (1 . 1 • 1 ) 
t ttlhftsnK^u 4-Bifi -Cillf L ti.

(1. 1. 1 ) ffiilSffSitt* ( 1 . 1.1) @75Klt*$ tf-* 2; LT8,

.CCCi4>?i ( 1... 1. I) R»18^#®««.t»)fcUTV'5C. t 

06K<y-ffy® ( 1 . 1. X ) BotABtSt. fir- P-2 

*|6], fttt*.<l. 1.7 > , <7.1. 1 > 75*i I»] 75 JSjffi * c i s-( CH )x 

Ci^7$g^i6] ( b#) ow.n t mtW'DPf-Ss.ii^i- 5X7
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< 7-4 yy - 7r 9?-ti Cl, £2 2n*J©«#. «*2.2 %RV5.9 % T fc 

6 . i x 7 4 -r 4 y »" • 7 r 7 ? -;»s L © =fc 7 tr/Jx 5 v 2: 2 cyfa-~.©- tf F 

4'> + iHfi!I#TJ5. -x y-if yisifeS F'/ £ yco4>-e £j :Sfa I'fiKfi:

c2 y if 1: Aio toi-iifaycti: 1: $:fti s n a c ;c,fan 6 fa, c, fa

fa7At£ £2 $18. 07 ©$

<fc 7 & 2 ^fa(0 62fa#:®E#n^. :ftf) 2 7JfaO* + 

Aatb 72 0 -CfcO Cl t £2 ©%f A©### 71.5 ° j:S»XffiV.

cis-( CH )x 8S a, c HSi Kft + 0 J3KS14 ii , fa y -tf y CO (1.1.1) Flirt

lifijlrt'tti© 2 fa t&b-f, »?-ffi*fat0^toSfa*5± CTV
S. * V, 0Stti6«©ESiK^r>r 2*1 •«-7 n6«®*6Sias«

fax I7 7c 77- idi, 2s^lC0xl;^x'£t fa S(j ^ , 2h fat 3jtn tin ( CH ) X © 'o' Jiici

faSnjAs-eS) £ fa Sis £nft<,

3 *' v 7 -t-fa v- y ©S'® > *- x'

(1) F-/L&.#UT-tf-yy ©#?#&%&

( ch >x © p.-ey^K* b 

Stc j: Ugfa, 2: Ut.

in lt, i;t F-tf y^ Ufc*Ae?3c - k h ex-f

x b fa8Hb£0 s cxxt, iz |f-z<y h*jg»$ o.z%-ea#ft'(b*$—aifitl
*6», 0.8%-Cliiz 2: A/^'traas # CMeft LTi'JCii5 N K R Xfa 7 

h 6## c (ci s-# 6 c = 127 ppm, trails# o c = 137 ppm ) <

j2 f-xy ;.#*# o.8%WJt-e»3S«KJ6K.J: 6 sp3gsfcj3?5f;©'> 7'fafa 

fafa 3.8%tiJn?lti2'fii'ira5Ec jc 5 sp3 igg£ ft X © -> X" fa fa fas* * 45ppe , 

31 ppm C (7) 31 ppm CD^^'iWWi-t CO-^ S 7 h#

*6Sxr-ffi^-S'Cl2#zra Ffc-CHI- © SP3i@jftftX £Xfa-o©faiSS-e 

feo. croixtt 12 F-t* y jpftS icofttSttft, $8. #

^D CD4-JK^-o *C V'1 >6 C 2: ^ 7)^ -o fc o A$F5 K — kf ^ i?' CD ^^ It 3 lppa

cD^t/^;l/a:S^)6a^V\^, 45ppm CD^^^-;l/^m#^fLT^6.
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6. L * L, iffEro] ( ch )x o«5ltoM^tttitg# Ufc7 <

ro i 7 tiromS€S$ t -tiutSit**it]ro«^g«)Srott7?li

* <, -*(7)7 y y y ;cfiroS#5i6]ro'eSi5«$2: %ftit@m&:5iSro

m»e$$roJ:bltSil£t-5 £ y *RSS*^;tJtt£:» t-ct'o

i I' ? t !: i> f S J .

$KiS ( ch )x rottSesiiH 9 it^x* i ? it 4^* y ry;—-7>roS$ 

*#*61# y ro^f$a$a- p-^y h Bc-t* ", tf'/ytstiiti, 

-efi# 5 e.ft5. ***%, TSBlSl ( CH )x rottS®* ti: li 7 y

y y ;nt yk3?*:® is 2z#t&&^iSro#%y -y t* v y^gtro ifcitSifS Lx a
IJ . C ro.fcb* B^SaSaS^SS* 3 C 2: i'l-e $ 5> = Baughman S (i I2 

r- tfyy U*( CH ) x ro X S IS y 6 ffi IS @16 to 8 /? i*ibTV'5„



S I. ififefsi vi&vh
®7 rsl fifi d f ifc (a ), ti v ei /t t l i

a) cis#

4- 3 o HI 15 tt R 0*uRhm«nn * Itobin *

* 1*1 d I (n<) 3 t (no d

3 8 2 ± 0. 0 l S 1 0 0 (10 1) 18 0. 10 0 (ZOO). 
(10 1)1 1 8 1

(oil) 113 7. 3 •. -

Z 9 3 ± 0. 0 1 5 5 8 (201) Z 8 8 l 8. 7 (201) Z 8 7

(211) Z 4 1 1.1 -

2 2 4 ± 0. 0 1 5 1 2 ( 0 0 2 ) Z 1 9, 1 1. 5 (301),
( 0 0 2 )' Z 2 0

# ^ * i*i (10 2) Z 1 1, & 3 -

(311) 1. 9 9, Z 4 -

( 2 0 2 ) 1. 9 0, 1 1. 6 ( 4 0 0 ),
( 2 0 2 )' L 9 0

(401) 1. 7 4, 1 3 -

I. 6 9 ± 0. 0 1 5 5 (411) 1. 6 5. 4. 0 -

1. 2 1 ± 0. 0 3 5 3 - - - -

Z 2 4 ± 0. 0 l 5 S 0 z* BMifihmsnn, Rob t n O I8&H» X jRB M X O \
x. *m(»

f 1. 2 4 ± 0. 0 1 5 6
1. 1 1 ± 0. 0 1 S 4

C2-) V. rt."s i2^.

4 P3 O 81 Sg 1.1 <R S h 1 m a mu r a * <9 f* /R Rob i

* r*l ••“ d............ 1 (bkO d t (hW) d

3 4 6 ± 0. 0 I 5 1 0 0 (200) , 16 8 i 1, n ( 2 00 ) 3 7 2
(101) i (10 1) 3 5 6

26 3 r I 8 (201 ) Z 7 5 Z 2 (201) Z 7 4

Z0 2, ' 2_2 (301) , Z 1 2 1 0. 3 (301) Z 1 2
fc ;r ti t*i

(002) ’ ( 00 2 ) Z 0 4
1.7 3 r (400) , 1. 8 3 11 ( 4 0 0 ) 1. 8 7

(202) 1 ( 2 0 2 ) 1. 7 9
1. 4 9 r 0. 6 (302 ) I. 6 4 0 ( 3 0 2 ) 1. 5 6

1.3 0, > 2 (103) 1. 3 6 , 0. 9 - -

~Z0 1 (Oil) 2 0 8 -

ot -m m ~ 1. 7 7 i (211) - -

( k = 1 ) ~ 1.5 1 i (112) 1. 5 6 -

- 12 7 0. R (212) - -

1.1 8 6 2 ( 020 ) 1. 2 3
-T-'r-«^i*i

~ 1. 1 2 6 (120) I. 1 6 -

( ♦ Ihlm.m,,,, ^Ol.VWtTtfigt'rd' *,03* 81 fill .«♦ Robin (>0MMHtXRBill<-(,0)1;81 Mt '
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d
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w
/X # - 5 %

n>j_ ft $V 3 * ■v. o M Ml rt

ed * d ( # as $z ~7% zx d 3
M ■v. > rx X

kr I ' ml

4 "4 ( . R# d' X cv 3 cn rx rx V

N* (d fX (CM 3 h CD X I X nnV

X, H X )# V ft X' D>0 d rx is4

( Vr # h- n V X X m 3
V Mi -v. xz s d Nbr i^:

m ft Zx ( * X Ml S % WT

0r £ r IX bt rx c o 3 C£> 3

ft ias d X Rs RF X d PC S cn %8

r ft r^ 'd % X
CD tif
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j[p Hf # l hr Mi n 3 CD rv
ov & 0. 0 /X ZX j> l^i 3 4 3
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ft # cv X3 Hf 0 a ll 3 d r«V X-

CD d' E d -4 H B d ? CP
CP (V Vc|» <- ex > % »- X

3 eX Ot ri r^ 3 m cd X
34 GP d' to ft V St n d
# 0 CP vP T)CD V % d< fX V RM —

n ft # rv d e>» V ( V

cv £ fP ed 55 % rr h #n 3
py- CP 4 ° zx. ft- rv w H d

E 3 ( to pa ° ft l 3 ov -H

Cm * -o h # cn tif

n <41 w r^ d- ft CD

V ( n Ml 34 Hl CP 0 D-O 3
& tc S r * gs d: I

d Xm X >{5 S d X# a B

Bs 3 rv W CP 3
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i. 4 zmi£to8f%M%nai (iiin)

1. 4.2

(4) SSSft'XX# y T-fc?-y h>i«5£ «*■#>£. 600 na tfffi

Ei® '> u r Hr 1- u 'sftl-mmi.mJsfaoMW)

cfi*t4Ci^l5 4>ofc. croc 2: (**•>• tfyvestas#l4i!#css-4■£

©cE#t xy ^

2.459¥JE-h¥S3©SgsE

S1> *~ya6 5 6cs#C5|^-f 5fc»iSSi6)^y T-t-6 y yro*^®

c*t£-ec 2 ~ 3 ©PR* ££njL6#fc.
•<y-if yS&-h-c^kf^ ^->i-;vsirS-ti:Tf#feiSSi6i'y x—*y r-t^u 

y&mvx 6©)ti§i|BttX©—o2: LrElixy ? h >6i®3E Ute. 6©## 

60 10 C^i-. 7</y frCA#*y f h >6®)65-ti::teE»tx

y ? h > (0 1 o - a ) by 4 -f y ^iSiKItKAS*'1:? 1 >648)65* 

TfcSStxy ? 1 > (01 0 - b ) 2:-5f±. EStsPXtfEW xy ? h >©##( 

500 ~ 650 na ) iAfr * 0 M -o X O' S . TffS fa 2: Se:S|6j ©E8f S©$0'C

o v> -c (±. i@Efa©^yy-tfyy©x^ y y >fa©( ch )x #^^©Bfatt 

*6SScg<@5ii5. fct:u. xy^

s. x ^ yy>cf4f*A#*©#-6c>x##*©###m^mtfi. x ^
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1.2*1SioAtttoiS

sssmtt-ejraxtt. estttci- <rnfc®BV'tc.

V y * ^ u- Jrt/fliffiS-6-K:
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105S/cm oWSECgffi-a-.SiSS'EttfciS# LtSaSS^tSl^ L, to

1.3*1 MoA-f Eo^*0^< v H

(1) SS14a¥«S#O$l3k60 U x

(2) mmoTt^ix vm##&AAL. t11
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•S. (WfP 56 *F~ 53 *)

i. 4 tns-tioi*i*i5ii

(1) S«6lSi5>dLoS,Stt*ffl!«1-5^C!6iS*$a*filAt:fcl±fF$ L. S 

ettWffiSS6$liz; VA:.(2) MoJS (##%. aSHb
cto8CLtifcIio«9 7'tfi/y|S8ft1yiSIt*£Lt. to 

&*, >>77 7tfyvtSfiw±i:»S^I,t1lfcS^#i!Bt'*3I«: 

ttAV'fcLTb.ifii L-r “»y h v” t ?tto*s y -f ;va»$#6
n, coEffiStrta jrVSSSa 5X io12 q/ □ (S^IS 300° c ) ,
9 X 10s a/ O, 0. 1 S/cm 400° C ) . 7 X I04 £2/ D. 1

S/cm (S-&SE 500° C ) -e*S.
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T4-S. ::oil«ftli^lJ7bfK' ( 2~3 s.-e 1/2K®T) CJtKt-
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L t.
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L/c. tt-lfctf- u -r y»*e©J&$l±i5%-ea^,/c. 7>vir b r -fe *■ y y © 
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ita±-t-5c-t@‘-f, *«#%#?<!: LTaw#@(%&am-&#a#s3t&

4>ifc. . .

(b) 7 A- ft B 7 -fc ^ y y

tr y i? y a ft tX h y xf *7 $ y#®7 5 y&#% 3:

B##-6#&#ft. 1»>L. #^S(i£fc-ffi< ( - 1000 ),
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9 1 ;w*02 KjRt. 200 , 300 , f}



5 — 6

XtS 350° C TS-& LfiiKtitt, 2200'icm C-7 7 - 7* * .x I- U .O'K
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2000 —• 2100cn C —B& Ce=C K £ SaJKliS* £©&*
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oV'-cSi Is co x P Sx^< ^ h ;l/ £ 0 3 x^X ) jv |i _S->

TtO© f- » 1087.B e V ( A ) , 1085.7 e V ( B ) 6 fc <J , M
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tt*» y $■{!: Lfc©. tf-? A Ii'>7/$ifc(±t7f O'^yac 
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N ( E f ) :

*a-i~. 10 A t btifStstlt
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4 0 0 ° C #-&# ~ 1 018 / e V • on3

7 0 0 * C ~ 1 O20 / e V • c B3

400 * C -Cf»fcfi-&#©S£'i£&®®0(I«::£<g>R'> U = G e # 

1018~ 1019/ e V • c «3 ) Cm#*

400 ° c V R H -e*S c £ *£8 tTO'

5. L* U 700° C j: U

$<. bfcii^c V8J £ tiSxfcO'

(4) & BYSSHE

'>7;7-tfP7iiM( lire 7)>e> ) -eStS-fir U iSSltttm 
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v -v (i c h. $ -cfS-6 $ ii t m & m. Sc-A-mSS i: b-tBStttmy -r a-a tffi 

O'5 i, oT t e> it ro fc s SWttmiSO'7 ^ ib a *s.
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fn] „h L- "C V' S»

->7 / T-b f- b-v|±±f5%#A&M#%A V, oo'-c— h U ;bSm —pE 

*!®seu, -3g#ii«u-ty-7*-y # €.c®jsa®»s±#
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Reaction
Temperature ( C)

Atomic Ratio

Carbon Hydrogen Nitrogen

400 1 0,23 0,21

700 1 0,09 . 0.17

1000 1 0.03 0,14

Monomer 1 0,33 0.33

PCA on Quartz (NO-47)

PCA on "Ktioton'

Doys jn Air

/KU 5^7/7t^U>cr)^^jgo)Efc 
PC A: *$®&~>7/7tr^U> 
PA : tftn’^zJ-vy

1
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tt. 38**, Sa?S6$*-cffV'. 150 • c / 5 ARflSElE u-cff-n A. on 

e»3 7 -( ;v AcolliSHtt. £ £»£ L < floET-S c

ofc. m X. tt, 2fSE#LA7 -f ;y AroE#-y?|6lC0'8Sl$(±, 0- = 700 ~

1,000 S/cm it(iilJr.Di. 5 fc, v$!®* "CE#tti)R £ C t bi' -3 it. 7"

Blfwy*-#*- h*T 2.268#t5tiKJ:afII 7 = 1,005 

S/cm ^SfifcLit. (52).

E#K * 5#*#0A±tt. * V -n-$SroSlti];tljjitKS-f < 

n4. tnii, X a @#f j: y 99 e * K S n ?t, f *6%, SlcE*7 / ;U Aii,

*£|S], SS#-".* ? - v 5 * 7)Vo it C75 1C *t U , 1.8 fgE# L A 7 -f A-

Att. siifc1 jrt/EE-EEioyn - K-cttibSMsatAKiSi^^-y 

fc. (04)

5: ?t, E# 7 / !v a (i, Si®M;5ti;4:7R l A. -*- * A *>, '8$ K 7 = 330



7 — 5

S/cm <7) 7 4 Jly A & 1.8f£# ih 5 2: # y? it] co 'E S ii x cry/= 752 S/cm 

^ |p] ± U x # iE A CO % # ^ fi x <r_t_= 155 S/cm Kl-tiST L ?t« % oo kb l±> 

cr///j_cr=4.9t?2bo7to(^3)o

^ V k: a -;i/ 7 /,' ;(/A j; U 5X 10^ U/z^x ^ V 7

^ y V 2: # -o /k, (05).

^ V 7 -k f 1/ 7 ^ y U ;i/^g| ^%5x.6ti6C2:^j:U

^%^fL^(7)tc^Lx ^Vkfa-;i/(D#Aax

V kfa-;i/7 ^ m#4k = &;i/4f-as&5

10 m eV @^T^Ux CfL^-C^ni?tl,TV^5#7gt^7l;V^ —

. & c (06, ^4) , #?-#?)#%##, AM

%-c^) 6^x lwj/< U y-CD/k^tc^i^-fb#^^^###^:^^ t CD 2:#

-ZfiteM U x &§# K X o X It x cr o cd L t: o ml x it x ^ V "7 — # (7)

x v < *6 2:#K##;m##i#y;K: <k&/<u

U 7-mi^mcDl#±^^-^ UTV\ & 2:#%^ti6. 

#eti7tL7ifUkfa-;L/7^ 71/A c 2: t: J: tl U

7 %#, (^5 ) » ^7k,

^^^x 150 * C ^iM%2: A/2f<ST ##, ^^C^tciOO BRB%

mU-Ct)^#^ti(ST#fx 570 B RB-c %'8#@c#%l#1 #(7)1/3 - %{%# 

U fz. o c fi 8 % x ^ V hf n — ;i/ 7 >f ;iz A (± x 5 C

fit: o

kfa—<: CD 4^ x kfvy 

^7^1g#m-6Lx E#Blor-10.S/cm CD4f V kT V y^X7 -f ;i/A^^yz. 

C(7)7/fJl/Aa,

(3)

(-n ck um%#f&x l^#gEcD^ V kT D - ;u 7 /f ;u

A&#7t. ( O-- 300 S/cm, 100% ; %#&# <7^100 S/cm,



7-6

~ 10% ).

(d ) c <n 7 ■< >v u % -f d t* u v * — #1 % — 6 4> 2.2fgJi#-f-© c t K. ± 0 ig 

aS$ 0- = 1,005 S/cm tMUt. 4fc, I#t5 C 2: C i‘J , 5SS,

-t i? 3. 5 X ;JS® U < |4l_h L fc.

(/\) XSHIilf £ U , !£#7<ii'i#SlS]Ltl'SC2t?§6i'i:Lfc. ifc

<-) ty, ffise-6-$.vE#c£5

«#ftrSl±K'7'0'T<73 3S«^» L < 81 i -3 ft.

(*) ( cr ~ 10'2 S/cn ).

2. 3 eiRS-ii £ 6 &-V'»g6S^fS»ie»^co^5-f

(1)

N, S, 0 * -S-ti* 5,6 - Z 9*e

_ aj*u. ^ty#$2:S'*ttcor*m6sa-<-t tie) .

SSttfc^fec * 2>S,4§i>i©£y'iffiswii; £ *J tf-3 fc.

(2)

h u 7'S--)\sm* ■£&&&&#■( I ~ IV )*s«*$Sg.fc*lbK: *‘JS 

U < 1S$»$f6]±1-5 c £ fc. #IJ X if, 3 -7 Sro jtiB K - k* y -y c

idSSffiii 10 tffr6j_h L. <r~10 S/cm (S7) . Cft6©

lit U -r-©m«®ti K-x y h ec 3 ~ Ufc. 3 » * K - tf y <f

ic £ oPJiS’ESigii, 7x-//SmMtCftSO«:i'-)t. (07).

IB SSMEetimg-e *>■=*. 2: c»*s K-Xy 6 4*ui£SnyJiffliSiC, %x 

if FeCl3/ - 1- n V ft y, I2/7t 1 '/KSSU t5)g*i'6 1

?■&<! 7 -I 10A4S^+ XT- f y ifta-Xi z. t & I, it! Lfc. 18

$%ytu v-t F-Xy hRi|<o«|$#®te»te. 4fc, Fecig &*t<' 7 / 

)UitfiSi;liato2KK-f'/?'U, K - tf y ^'zjSbjsBS ic 8 c S c £ 

dn ;b it. ^ ^. 7 -7 x % ^7 I' tc j; u , IgF——
;izi*ic Ij&Jrtf l"1 • Sffiao&Hfc (08) .



7 - 7

S? t F'af t r5 v (V, VI) , =r P y is y (VI. VI) (

ix, X) %3E#e#tf#y J: 9 K- f y »"d?

n, tts®»s a- = io"~ io"2s/ca $-eiS1-5 c t *ilti Ufc( *8) . 

jtFBf )?'/ y(± K- fy^’c x y sft?nf p y i>' y c £

X>S £> i1 fc.

r -t yMtf 'J t - £ UT^y^-y-y yffl ( xi ) , tfy -y y$ ( xin a 

y yys ( x hi) 'v-r q r -t yy? y -r-&■&!& ufc. xi sf 
(/ x ii (i, '«:ss»s-tn^n, <r = 2.1 x io~3s/ca a£v <7 = i.sx 

10"4S/cm StltSCi-tlSLfc (S9) . X Hi ii K

- f y L * < 2: a'ESS <r - 4.5xl0'4S/ca KiLfc tf- K — t.” y 9'% 

Sfi/J X III ii, I B % <<? P ;v a J: t/X SE S iff J: y jf 7 7 7 -f

h 3 c 4*ssse»*i.te.

(3)
(/( ) b V7;f-*S**tt#SA#|6»S *'«%»$#$ <r~10*3

S/ca 4 T- |pj _b t- i:.

(□) p U 7ir-Ay8{*#e*S»## K-y?y P

# U, >orS)S*6 P'-/<y P t At/ 7 < ;ua^^+ x P tBjfcfc ( K- f 

y y U />&',') . c n C J: y I® teM* 1C IM U T

fr
(a) 4-ary ySSSr-S'O* y x’-tfs K-f y U'ffiafS <r~10'z

S/cm



7-8
^ 1

Tt:
• CO (S/c m)

+• 2 0 ± 0 .' 5 9 7. C 4. 0 0 H 3. 4 8 N 1. 0 0 (Cl °^o. 3 8

- 2 0 ± 0 . 5 2 8 7

u H3. 48N1. 01 tc 1 °4o. ■38.

jL2: d!Vb'c — yUi/jfiiiHiliii 7 4 )%f!|i7 ^

(: s/c m )
1. 0 1. 5 2. 0 2. 2

•— — — 7 0 8 8 9 6 ' ----
PC • 7&1-K 3 0 0 7 4 0 8 6 0 10 05
QH] C.N — 7 7 4 9 6 0 —

7&W: 3 5 0 7 30 8 9 0 —

n - C6 i-1,2 3 4 0 5 4 0 8 0 5 ---------- —

?& / .7 8 3

PC : 7'a L" u > - ^ - h

z^. 3. -"S V t'C“/V7 / w A CDi^-WM-yO iiz

7//1/A ( S/cm )

3 3 0
m* a. 9) // 7 5 2
Is# (1/9)' 15 5 == 1 = 4. 85

?VL'o-/u.7 / /L/ J+ Oj

s AE
CO (S/c m) (S/cm) (m e V)

^25 1. 0 2 6 4 5 1 9. 5

1. 0 3 30 4 2 0 5. 1

- 2 0 ^ 7 5 2 9 0 8 5. 7
i Q1 - 3

-L 1 5 5 2 0 9 7. S

<f = f. exp ( — AE/kT ) , 2 0 0 ST (K) S2 5 0
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'lit. i* E ( S /cm )

5. 8 X 1 0

2.1 xl 0
1.0X1 o
2.4X10S b !• s

< 1 0
1.5X10

4. 5X10

4.2X10

4.2X1 0

1. 5 X I 0

*" V — — V-'iv l ( ti# ) % a E(S/cm )

KcHcbn

X

1 1 ( 2 2 6 )

8 r j ( — )

Sb Fs (58)

so, ( - )

3. 6 X 1 0~5

1.3X10~4

6.3X10"5

3. 4 x 1 0~3

IX

I, (216)

I, ( - )

B r, ( - )

Sb Fs (58)

SO, ( - )

1. 6 x 1 0”5

8. 2 x 1 O'"3 ( 74yv/. )C^

2. 1 X 1 0-4

1. 2 x 1 0"3

5. 2 x 1 O'5

VII « H

I, ( 2 8 2 ) 8. 0 X 1 0"5

\M= n

VIII

I, (53)

B r, ( - )

S b Fs (41)

SO, ( - )

LI XI O'6

1.0X1 O*5

1.4X1O*3

3. 5 x 1 O-4

H H

V

t, (170)

S b F$ ( - )

SbF,*) ( - )

SO, ( - )

Fe C 1( - )

4.8X1 o'3

2.3x1 o"3

1.7X10"3

1.4X1 o'2

1.5X1 O'2

VI

I, ( - )

Sb Fs (14 8)

SO, ( - )
F e C 1, b) ( - )

<iQ-*

2.1X1 0"2

5.0X1 0-5

<10"*

Ck ) & / ar F — f x y tjcfix® L ft Kt4 x ^ 0

b ) Sa V - t' x f -A
C ) 7 7 X 3(0 — SIC Sfffi L± 7 4 (

O
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7-13

l. 4 5 9<¥ero_fc¥X8roflf5£8ll%roE!e
(1) tr

©Sliltt^siS UXV'5 c 2: 7-v y x? nu J: »J S-fftt SHt..
(2) g#i?o-«/7^ii:ok't, ElSiKtt-d < ^^*n-y:-6jfe$'EyE

gSCJ: y iieufc.

(3) A* K— f W Lt.tf y fc*B-;ktj K-,< y h t LT, Br-^ tT a - jyJS 

Ci£j$ ( 3.3 A ) U-C 1 * y®{£ LT^S C £# EXAFS

Hit.

(4) tfB-.ii, rose mss sc j: 5m#sm-fbe-6-K»v'-c, we-Hit? ^ 

SKttisejgcttw i*.

(5) tf B-;v, y. 7 7 y«tt-(b^^-(bSiJtDW4T-cfi-6'VXS«6

yeu-v-4-^x.t:. #BHt.4eu-^-roessii^y ■v-e.fctm-ffcSIroe
s«Ctt#Lfc. KI-Ii C J: y #*.!» y 26 S/C1*^R

(6) ib^UkfcteKiy, ^ y («SK 3.2xio3s/cn ) .
(7) y tf y 9 as (SSE ax io"4s/ci) L7t.



7-14

2.4 5 9 ¥$±¥*8©SEE
(11 4:6IDEM

5 8fEitc, fB-^(Dffiiail<S®-fbSirK 4:‘J S5#l$fc
**6*y ea-,vt#. C t K4: y es$ 1.005 S/cm ©
SlSl7^0i*s#6ft4citi8 6i>t:Lfc. tu, 6 ©ilfiS-W ©E®> 

tosi'Si*##u-»•-©—#:#*. %%#m©#mj#&m:R u-cv'6 c 

£ * IB ft 53 6 * ft * -o x S ft.

&#©tlM&ff ^ft.

a. +20° c 43 4: Z/ - 20° c -e&tfc Lft 7 4 ft/ u<r>y~? v 7*<>? \ ii/toib® 
©E®. 950, 1250 43 4: Z/ 1300 ~ 1400~'cm &■$©#*SSBCS^<»
m:m#ftm*K*&#..##&. -%#m©±Tmm!i#^A± L-cv'6
t!:g#tt5tifc (H9) .
—*> +20° C -C-iHft U ft * y fc? B - Mi 2.69 43 4:1/ 0.80 eV ft. 

t ft. -20° C -C-&J® Lfc*;Vt*B-Mi 3.03 43 4:1/ 1.10 eVft Max 
&*U,ft. cne>©kf-7ii. /<-f!)l-7ByKS-3<RR + *5ii:i! 
MS e»,ft d-n. fiil+S^t5i i: ft 4: y -f>\,-'>y 1 Uft c t ii.

t©2:a#%.S4%6.
b . *E#7 ■< iv + ©^$11®®E©E*. itt»J ft * iv* b i? - ti jl 6 n ft 

ft. 6 tt ft $ L T E# 7 ■< ;v +1±. E#Sl»I ft®fr 3n»l 2: Ii353J!oJ © 

1IKS*S B*ftS y . SfrftS+S < +:;v*n y-j!*«4tift (010) .
* y fc'B - jvft430'T. C ©#ft tlV* B C 2: life 6ttT

v'-f. e#7 ^ iv a ©sis#. #ft#iem:%#&a#i-6jb*s tm%-c 

$} 6.
c . ** K-Lft*y fn-^vr 4 7V + © EXAFS ft 4: 
ff 73 ft cmm#2:©#mw%) . XANES roi&4fr 4: y . AX F-^'y b fiBr~ 
£ LTKtfc L-C©S C 6*ft ft 7, ft. *ft. EXAFS ##*%AX+
* v A 3.3 A ©E#ft Nearest + Neighbour 41 UT V> 6 C 2: *> (3. F



7-15

-Xy 1 V -T-SIroSEtilKSfi. UTt,'* c iz&m -oft.

d. ai>£#ro#!Mrosi6X. »6nt7^Aot*ltt. fiSSlcttt 

#L, + 20 * C -rfct 1 mA/cm2 178 S/cm &#ft. iftC

ML- 20 ° C -e(±, 0.25 mA/cm HTniSI 300 S/cm fcjR

Lfc»$. *nJjUc-C(±«*K(i®T tTi (011).

(2) j: 6

a. 177/- -> y 4 KS—/ -7 —fc-lb^K-fbiSIro#
*TtS-^ Lfc. *ro*§*fB-..u> f ±7 = y, 7 7 y«i±-tb#K(b9J 

K j: 0 WJEtte«I^Uv -7-4#-x.fc. *roH-&ttS

Jrt/dfV T’-roSmttli:, SfiS J:Z/SKbSlroa«K** < tt #-*-■£ n 2:

(110, 11),

•fb^BHbi£-e#ftd? u en-;iztt««m-(bS-6ST«fcM)G-|-5 7i;u f 

a ->vy a ;la tm®m'&-e*> Z ££&. Sfl-RJRx-^ ?> ju,

®M--=r$.REx^^ 1 ;y, 7?7/d? h ;Vfc'«S:t/X—BBjffft-BSS 

ffiL, 7fe$1E®lS8S»>6tt, E*(±«y(tD^iv*n-y’-6:Si-c 

<b j>$ ±> $•> o ft..

b. Fe( C104)S tfflv-r. *;vAy'-7V4:-fb^E(b*^-i-5 c b tt j: y m 

IK 3.2x io'3s/cm rod? v 5tui/.-V-.n/fc#fc„

c . d?v » a# (friifeR)

crod? U-v-aiSE 3x lo^s/cm tm Lft.

Hzh\c-{£>^-l'hz -r Af2fVc-<l>c:A/flA 

S s sfc) SCO) aoq.

2 5 9 ftJtT^fflroSEE
ft to*: L
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1. 1 -rJrtfBfSSHi&afcW^

9FSESgi6iSBS« : S^^SfiSSSFSiE*

1.2*1 *8<9A&E6BB

(1) iBS«6-ciDXtt • $E6c-f"<'nA:iS#3'^roE%4tie>V'ir.

- L. io5s/cb

(2) se-ca. E2*8K«x.r. initt • ®5EttaBS-i-£$ei-r-* roSS*

2 £ WB# £SR*ft 4: t £ 7tft (DTSft?**f A#*&W1" -5 •

1 . 3 SSi$3i7)£*$os6j6ttBrotf-f y 1

1 . 3.1 U f- 1/ y *jvn-y- 1,6 ( 56,57,58,59*$ )

(1) h U » iifcttt 1/ y^a> y 7 A i: i?? 1/ y tmvx %

SS^Ki!), Sr&Smtttf U -s--, tfy tf-y y*A/ziy- Ffc-e-tiS-ha.

(2) -^riSUTt^U tf—yyij^zi-y — K<y#i6*#WU,

1 . 3.2 TEEfatt* U ^ 7 i^VOfF® C 56,57,58,59*$ )

(1) ggtiSStifl-toSr LV'M&tW,

Ki!), lS5W$ra®««®tt^ y * y y r 'y;K0SfSa-S*«li:±5.

(2) as--0^y -7-coH*»J:y;S#*^a J: *), iSSto^y f

5.

1. 3.3 * y 7 = — 1/ y *n y — K ( 56,57,58,59*$ )

(1) tf y 7,-y yxA/7 .f Ka*f LT®$tt;8<t:v:$'e6i6]_h$i*ro$ Lv 

K-^'y h

(2) SeiS2Stt4:fFffli-5 2: 2: K-tf y y K# U #

•«: -C * % tt IS a & * * M m -t Z.

l. 4 cn$-ero5f$M%cD$a

1. 4.1 ?i? U t’— u 7 *;yn yc KOD-^-fite £ fett

(1) M+HJ7A2 1,2 -'^BX/ifvyt, D II S 0 I«+-C«S^$



8 — 2

-tt-T, MRSt P V S 4fiF/c.

(2) sftt h Jttsasffisra-^s-ito c ,> e £ y.

*• y -7-M$2:flXS^|6l-t:T5.

(3) I 8 sit/ H # ! x x P ;v © 81S tr j: ‘J , K

#n©ftv p v s jftfc. i£fc, ^ y -v-(±, -> x, p

7yx|go«^frtiiot.
(4) 3 lESK#; 7 tifj-H ut, 1.3 x io'$

S/cm tc j§ L fc.

(5) ##%%%%/<» P;u^e>. P v s co'il + SiS^ V > -

— 4 S $ L /c. 4 roISXiiti"?-Wiillt@* 6 ©$1869£49t t i. < — S L tz.•

1 . 4.2 SEl«!*y f-T'y’/HJDfMI

ID

(2) tx-7-©##±^©##i: j: y , x / x" U ;v»s2S® CStt *

4$%eiii x -f ;i/a*;% en/c.

1 . 4.3 o?'J 7i - U X * ;l- =1 /r d p'

(1)

(2)

13)

P P S K*t LT Ta Fe , AlCla , FeCls *S$f fc CS'«t4l6]±®$*s$ U <. 

*%. Sit K — P-// h t?>5 c.i 4 jitii Ifc.

p p s (igBaaft#fiV'l)cai;'. f & 61 # & a tc K-fy^^ngi'. 

5fcirSS4SS4*T^ p p 6Ttt>-t'y<fe#v>9t*4*j8*ssm»ns.

P P S *© S 0,^-6'CtV'5 C 4

* X p s ic £ ‘J its L/C.

(4) N K R © £‘- X + S £ tc £ y . K -tL X" K±iT ill f (?) W It c &

(5) W±©»**»&. »«*»«#»£ Ur. r-fy/'Li^t S+«Ct
s m :f i* * y *t < & ij . *©/t© s is -? 4 c jr ?- © n ?- © a
* y i« L , W m M ? ± (D € f #: * m *1 -lb L /P -t < * 5 . t P' x Si m t =r)V 

V* 35 x. b tl o .

is; p ? s 4>i:*6fta'<;y/f txxvifioSiali, S-«tt%a©±-c,*



8 — 3

(7) — P P S 1C<

K-/< x h co^R^

2.^1

2.1##

Km?-,

Uo-o^a^T. — ki'—yy^;i/7 <

K (j^T P V S <hm&f) *

6::, V S^K: U^:.

^9"e%a^V (SN)x K-ov^-ra, %%#0&mK:-ft;ba#TLV'

( S N )x (7) 7 /f 71/ A 2: L,-C#6fL-cV\/t:

dx 3%/r #( s N )x (7)7 ^ y V *c t 6 ^ 7 1- )(/

A ^ # 7:.

2 . 2 ^fu e-y y 7;i/7 /f

(1)

^ / f A-XA/^^y K( D M S 0 ) 1,2 - y f a ;i/:cf y 7

(&T o c E ^%t) h v ^ A 2:p v S

^#7t. MS?#^2: UT N H P ^ H M P A ^mv^-c ^ a^HX^

a#6^Tfmv% c^Ltc^u, o M s o 50%) -r p v s

UfZo mty h V ^ A 2: L-C^. #7kl# ( NagS - 9 HzO ).

( ^s )v^f^L^#m^rm-c36a^. ^$(6^(DP v s ^#a/t^^a. #/K, 

%l fc JfJ vN a -< # ~c b a c: t zr$fo & o 7t o d c e t l t it, y x m , h 7 y 7

m#v'fat##m#-c6a. Mis 

#T^a, o c E

um^a. 40

C -r 70

20 - so ^ c /<

^ C -C 12 B#%IL h7y7^(T)#A, 40

- ^RSP) p v s u.yL.
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-d 7t »

PV-S a. Na Clt8&&Lf:#x ±#(D/ ^ / -;i/

cc 2: t: «k U x UT^#5 c

#a5%B#Km#6-c& U x 

(2) p v s coma
(a)IR^-<^h;L/(Ell)

t: - 1/ yjg?) ^ C-H 3030 cm^ L 3050 cm^ K% 7 C = C

(7)%iR^l540 cm-i vC = c^m%co±y7x^'f(:A-%j:U

h LTV\6(7)ax

UTO^Tt-^-C^^o

g#0 D C E 2: LTV'f^(7)##m##:^^V^i:^x 5 P V S»

tc(±x

660 cm-1,' 910 cai-1 C 'M 1C Si'S ;* tt-fc„ J6K, 1290 cm-1, 1240 caSrli
-tn-eti. **$, h?y%s*iz74 yomm%A#m&$*e#6R 

JR 6 B 6 h, p v s (± -> x S, t 7 y x Si.roS-6- Lt:@a 6* L-tV'5 c

t#t>Sx^fc. *fc 800 cm'1 Kii. P V S #i6K4*«to*16V'StlRi»$»
Ktna-ts.

( b ) N M R X ^ » h ;U (El 2 )

D M S 0 nJiSAK'OV'-C, 1 H-N M R £I3C-N M R %< f h JU 6 SI $ U 

fc. 1H-N » R -eii , 6.7 tK/B- » 5 »t—*H> *> ? + »#&&
^tix ±1/7 .f xt&ya h #7^o ^C-N HR T T) ± 1/ 7

l22PPm ^T^x cco^b'-^

(7)M#j(7) 126.1 PPm, 117.4 PPm c

u^kr-y L7t.

cf-UcjcUx P V S

^ V C-N M R7-: /7 h 2: C 5x

122 PPm K±l/7 4
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(c )

C 2: H a C S 2: Cl (±77^3^^^

^ co^a^x

# D C E ( c-P V S )-?#, C 2.00, H 2.00,

S 0.972, Cl 0.0317, h 7 XX# D C E V ^-( t-

PVS ) ?#, C 2.00, H 2.16, S 1.02, Cl 0.00648#a#&3#]t.

(3) P VS (%%#

P v s D M s o

c-P VS a, DM SO tC70TCT 

##uvti^x t-pvsajm#u-c:&^^(%aa-c&~3fc.

(b)

PVS N M R Cl-t-C H =

C H - SfS"C H = C H - C 1

: ^^^/^2:C6x c-P V S T# n = 40 - 55 ( ^^-#2,400 -3,300) 

t - P V S -C# n = 170- 240 ( #9-# 10,000 - 14,000 ) 

c-P V S D M S C-N M R (7)^

6^ k:'— (/ n = 45

t. h 7 xz# D c E

C 2:^6^ V , Cft,#/ D M S 0 ^^-f6^##(7)±/h2:

(c)

K-v<7h2:L"C3 7#^^Vx 4^-f^T^^U-r:2:C6\ F-kfx 

9.3X10^5 cm TF-L'x^#a#L<%:2gm^^±U. 1.3 X 

10^S cm Ka-r# L7^o

(d)
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■o - .3 6 “VC- ti^gm-e-BSSto :? z:
q}z/i * ^ £ v « n n -fqm 'xn naj-v-ts -k

■p-e-toa .£z ,3 ftap'i/rtf -N (W

sa j 1 ? -z-ys^ ¥ ? <2 4 s if 3 it®, ts i a®
;i $.^S(Zz< z - ^ d - f, * °^c.^iji2, gicziz:/,-^. d - o jfi

'¥)l}to>9ijf3 1 > 'V6-*4yWM

'a4TC»TW

"V9
¥s?«-^sa4 Tdt-0 1 ^ <z -l-ism ? -1M >x 16$ sax co

s a J 21W4*’B ,'5??vAi'l -t 6 >x«I® s d

X ,e<£S4slE18±# 'f!9 sepgaa • • ■ -IM <? S d X O)
?¥!#« Sid • f, «3.q^$->9

^A5r s toW91Ii VQ?5p: -d 0I1IU] -q B s<X'-l SEp^ig 3 °2/.

3 «21 t - 0 <?■■ ff.<*¥ "4 ^ %0- AS 9'E ' 9 3 ? S3 to S A

d ' ft T a 7 3 9 cxwx<$ % -6 - to to'll- -1 '21 {/- *

*.d z >/*#*?!,„,:3 "1 ?/4) J( )d0S3 - OH ) 30 3 03 #*#%#

Mto S • • • A'~ ****>' (.B)

•?Ul3¥l^9?i«gBS *J> -2i 'a_tog

4 44? 3 3 ($a-# *-° '#21 'lfa:#5f ¥1 OHni'OHOH '9 4

(%g:ltg%M*M#3 YSBffl) Sf?«t 41®'»•£•£ 2 T 2i»3f Z /

/o a N 3 '0.3 3 °4V^mt4 ? 3 2 %a-#mimw -945 S Ytoig

'¥iai»to 0 a 082 “414 2 H1j|j42Jr®to( OG : s ) «« 0S>

‘(e0I X 2 : 3 ) 0 U 082 • • • -1M ¥ J- H JSmS&la - O')

5 JL"i ‘V’fc-'V -b * & s- & (mz'l <4* -N ?l#e#to9lf3
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P V S C : H : S itcDmmma 2:2:1

-C3b&C0:::#Lt 2.4 : 1.7 : 1 T&cito — P

V Se 2.4 : 2.1 : 1 -C&Uma#K:i&V%

P V S , P V Se 10 -10 S/cm 2:4§,V'#k CfW=>

KHfm&K-b'yyi-aZ: 10 - 10 S/cm

<--fc Q 
/to BH

3 lEseitatttf u 9-y y-'/vcofF®

(1) MEcotlM

*• u ^7 y/i/ ( s n )x a, s4n4 ©iSSiatJtitj s2n2a

<t y r?mtz C. t tf-eS s. C0>j»»«fMJ6©»«ti l-T. # 

?Ri±-> ;ux — <y — A/ifiM't' $ft. t C 6 ay CcoMEit. g

’K V*i" < , 6^-oi@i@-c <b 5 7t 61, J: 0 ^xSiT'dSlj&niffids** BfrT-TV' 

■fc. #jE«<ofll»$##Ki«FS&<

U, Slit BE • SKtSl® (SI)! %4F-*S c & t'JltB Vfc.

ElS5RK#vc» .Ce (± Cu2S EMU, cn^tHidlBSlStlEItS

c tw.j p S 7X7 P;vSHE^e.t)^-Dfc.

(2) iSMSfa 7 -f ;i/ArofFS

Sm®f#*3S#9 XS«±K, «*Ufc S2N2 & SUE dH±, »/*E# 

fi LTlSJii:^#-45 c i e ± !), 7 -t A/ilsaiSESltlii: to^T 

B&& Ufc® — 5 (7)i7 & #MeE|S] 7 <f 7L- %\ & f# zt =

4 iKV7x — uyXA-7zf l-'ERItSiX

u)

4? U 7 = - Iz y x ;v 7 -f F ( p P s )K%#% F - x y 1-tS^tJii 

t>K, F - t* y E a # 7 »3 & $ ifc 6 S it @ E S8 ® 9;, %%#, DSC, ES 

C A ,13 C - N X 8 arEJ: iJWDlt.

1 c*:«



8 — 8

(A) K-^'y h toSSS

as, PPS0 H - /< y F ^ LtSSHO’feOii AsFs.SOs , SbF5 , 

HSO3F, Tklf AsF5 « P F O- F Oi/A-#0*-C&a. ®S5<om*)*!± 

10 s/cm @e-c* y , AsF$ <0 ica
L, AsFs 4fc, ttto K'-^

y F ^ ms k SS, =h (D* A iirSJGU *■-!-< , P-fy^snfe pps to 

«SEttSS*-e*®tcffiT't5. F-«'yfHtliltt^i<, * 

Stti^±S6®^@ST* tj , ^o^jatf-esgE ft Stomas ns. $ *l± 

P P S to K" — -'< y h FeCl3 , AICI3 , TaF5

Smttlil-fc^jfctO^Sft F-A’y FufeSCi* 

Etti Lft. ctiftro K-^y *J, - f b > * y^co*8i-®

LfztfiX AsF tik-A6

fc5. K- tfy^$S»s^sc$V' ( < 1 hr)

cne,® K-Xy F SrfflO'x# (=>nft«»EttJilTtO®‘J x&Z.

FeCl] ; 3.4 X 10"^ S/cm

AICI3 ; 3 X 10"1 S/cm

TaFs ; 6.5 X 10'2 S/cm

(B)

m##T&6 p p s *s k — fy^c^oTft^'smft^^a-rs^Pi

oh'Tli, as Shacklette 6 (O A/»5—$85 Kl$tt An 6nT k'5 .

•tftti-fe, K- eym

$#»S4.C-C, <y/f*7x y«/i5»^;sn, iftHimtStiASS 

a 1-5 £V'e>E-c*3. U* U, c tolii l± ^ t:E8k*|g6^ e$i^ snft *
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(9-cii* < , *c-e$S>ira K-kfyjftr#

rPPS aifiw^-fbfcffMc&tsf u 

a M"l" Pfcfr 7 ft.

(a)

£1\ K - ^ y h »s p p s ©if<D J: 7fc&fta K-eyfJnJi>4: 

S'* ft. PPS a, 7 -f jy a rofpS^fe#tt i o tiSaattro^* i> % <T>i£ 

ff Biiaftto, t;i/7*ni?-i K- tfyifcoMfii&SS't-Z. aaESiuo 

% c -eS * ros^aa-tbES: %-7 7 -t ;u a S:fF$ U, t tt 6 a *

IT A1C13 , FeCl3 , TaF5 © K-fy^4 £5 C * 7 C. t a £ IJ , MS 

tto®S4S^ft. < 10 2) PPS Ti± K-

fy^a**s#«it)* <, i k-

—*> SS^-fb*#® < aoitx K-fy^®Ki±jS < * y , 

fti7<JPATli FeCla , TaF5. a £ 5 K-tf y ^*a^W8B-e* 7 ft. 

ftftt. A1 Cl 3 -ti± K-fy^tJli^TfitJ , PPS 7 < iv MiSE-Ba

E-fb-fS. cron# aici3 £, 04 —1 a

S U ft £ 7 a, ^aaii P'-tfyiP'lt i^TMSntO'i. etui, K —

xy F x& c t cut,

ftft%t#x_6tt&. 0 4 — 1 £ y £> *, 2, £ 7 a, K —

C J:5T)#-6»sE%5n5 tor aicj3 oF-by^Kti T#A?a#@

;* tl T U * I/'.

-*, S 03 am# 7 f )l/AtfS«7 -f 11/A iH«K K- fyftJ

c t:*5r $ , #6ti2,e£J$S5G(97 -f 11/Ao%A#a^@dFa&v%

S O3-C F- tf yy Lft#, K - U y F &8k£ Lft3$aBa 7-f.il/Aa04-2

as Lft £ 7 it, siai < «^$tvf IffaSi: *-= ti'5 e t&frfrZ.

6U2roS*^B, PPS ch'-byfaifsatstij, &S2B^o K

-fyyasB%*s$6jgsanajgiuv'£5|x. en-s. ift, F-fy

fCSti P P S fflMSft©»SKT)0'TliO> < -O^wai^fiS* 2#,

ti±<7)^**e»ay;roi7tts$x6n5. s&a*,. s o3 ©t?* p p
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s o&S&a&iM-c# & V h Tit, 7 ^

2>s, TaF5 A1C13 0i?CfeBU«8tSSl'F’-^>'|.i;|±K-^

yynict4C5SiItt%® PPS roSStttt*#

(b)

K- fy^'lu. #cD

Rtf DSC CDW^fr'C*-,*. 0 4 - 3 iC^ L fc £ 7 C 

F-^^Ciot PPS roSH§¥i±!6]-fc U SAKoRlRtf-j'zbSlS 

&« K'>7PtJ. tt, F-t'y{ftfc PPS CD DSC ft£g K ttfe 

ft-lb. RtfffliiSK#? cn6coj$6Xfct h'- fy?"

tr £ y c-ci'5 c i £5rc®-£a i><D-?$> a.

(c ) E S C A Rtf IIP #$

P'-Xy P »S P P S *^$6cD^fcDg8S-KEfi;-i-5#>t*5fc» P'- f 

7i?tt PPS CD E S C A cDifflSefcfi-o*. 04 - 4 CjR Lfc£ 7 C. 

p' — fc’ 's >? Cff->t S2P cDX-<? p jUifftjSt C> S+ CD fcf- ? ^$a 

fcftj. C(D&*fi> r ^ -k y *-CD P'-£ CD0T-C

r f Hr 7*^ - LtP'i Ci4sLtV'Jifiipn5.

l!l, ESR « IP (DifflE^6EStlS^-iDE-C'*:ecDSlb*S4 c-cv 

a-?&6 ? 04-4 cDiS6*i±;:jt6iD#igi4 £ 0 it

SMI-$118 Uyt&cDbl'x.a.

F-fyfciJ P P s (D#a%-(bcMfasnj&&#a 

13C - N M R 0ig4 8CS:-,fc. 04-5CjcLfci7lt, h'-fy?

SuKfi afe t £ ftiDK*tC £ i, ? 7 >\s f— ? K-tTv^f

cn(±, K-by^Ciotofti^ttraK
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ftS c t L-CS U , K- eyJfCiiSScflttKM

Shacklette <n=t=r)\,0)£ ? t:jS K*M-C, 

"syVf-±^^(0 N M R i> b;l'4'6SSt5 i 140 ppm ftjfftct'

- ? »ss n a a-f-c $>■£»$. a*4-ci73jai5£-c(±* (D<t e>* f- ? a is 

*b 6 fi T V' * O'.

(3) ami--<#%]_&

astt«aiii L-C%ID;1/&#WL-CV'6.

-f-**>*,, 2-f K-^y h afiStSUE^roffiiiig^ti ( 3 p )

#%", -c, P p S t S+l?2: KofcKt

M^assts s P3 3 K6tt®i £ *£*1

K), WT©£?*ft®*i5Wlt2..

SHi§ISgm#8a'H'-ca, BaxE-ii>se#ttff)aiEa j: -, tS



Energy / a.u.

©-I 1R spectrum of t-PVS(upper) & c-PVS(lower)

02 0^,3C-NMR

PPM
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(V tf .r. t/ y 2uv 3 y K)

i. 3 mi  ̂h (man)

l. 3.1

(3) - h 0 2: UTtflV'fc P V S

i. 4 cfta-c*)##;##?)## (man)

1. 4.1 # V kf -=-1/ y * ;i/ n ^ .r. K (D -6 ^ 2: % %

(6) p v s (D±^j0.m^^a-&^:^jS^m^an^Io)manK:j:U,

(7) P V S fc'&ffcLv 4£t?0 I R h

-3^. *%K% PVS^^MjG(DMfG%#K:ov^T:%^L^.

(8) y yt;^±y- P 6M#2: L/-cmv^6#UV^ P V S #-&#&&##

u yt„
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(5) 5 9 4FJt_h¥*8ro$«

P V S ©iUffliSUT©fOffl4 02.-<< , #$S#|0]±©#W4:#-3 

it. j:y. at#®#®*®** ctk

■gft3& Lit. ifc. #*S@& P V S oMt*U, ^«Sl£;i#Coi'

c.©*nE&88£ x."C, A^'Sc^SSrinx.

*2H$tt«K«nfc p v s *#•£c ±^i©cneo*ii:

a. .
p v s a iso-iso ° c -e*-(b • hr si ;»$*&$ y. mA?m©±m^sa

ft© 1.4 -*?+ -t y 1.-0-?#^# L-CV' < c tififrfr^it. t r-c.

P VS ©5fc*C«-SH. >-U. <t> KgBr #t? 7 *.-A"fb&S ’tM't £ t
it <k y , 1$($ 200° c ffi < £-c 1.4 - -f

*. St$S66l=l±#-ti:5 C j:CB638 L-fc. *fc, *«H4*#*< T 

t. ir*S)S*K:$-(b®—y;i- pjxf)i/ryty)Aj'B

u p'tmani-5c j=cj:y. ^$5664:-en^n 250° c, 220° c ctt 

!6j-h$-t±3 c t&-e$it. 
b . p v s ©***S^*^dS2:-B^SlG8i#

p » s (oSMiftfttMl-t, PVS © 1 r x<9 h iw©»gfc 

SBK Lit. *fc, PVS ©em*##© d m s 0 

y*M#E6©EfS«6«FCj:5 j:V'7X*-A4:il«Lfc( 06) „

gflO—b-efc5y?B)bxf uyi, jg®© o N so ©©f fit# 

2k#m#*&mv'5C2:K:zy. ^A#2k*@# p v S tAALA (a 

7) . *fc, i? 9 n^/jLf-v-y*! D M S 0 ©2ft :£©*$:***

**2:***©S-6Lfc-SE*2kSg^ PVS j! 

ifcjSI-*, c t tfhi'iit. «#© I R X't? b
3030 cm-V S 2250 < <6«&<W K ■> X b U

fc. ifc. ti-iiiMftSlb b 5 tfif fi

910 cm' 1 *> 6 720 CD,1 640 Cl/ *» 6500 Cl'1 2: yc # < y X b Lit. —
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**m?-©M» U6V'K*-K*#m*ma%x,):-y? h urv'fti,'.

@**ft© P V S -CO) I Rro«H#lE LA'C ttUW 
U-Cl/'S. *fc. K&mm-ebZ D K S 0 ©**#, A# L/t P V S

©±«s«ja+cA*jatf tv'^*n,4:»s c s e, k: -y » d )v

xf i-yt U T '> x 8, P 7 y xfficDP'-f tt* fflV'T t>, &A*a P V S

a y x, p X vxm#mcD@#*-c*& £P'x*nj|,%#-t©£. W_k©&

*£, y ? D)Vxc^izy j:^*-)Vj:cDiltocDKl£;Ejg

p v s roirfifcEJS«tiit06cjRUfc. cna, #u^-«a©ri5*jfts© 

■PHfti: Lt, 7 -bi- u y + H##H-£ L-TP'S t P' v t ©-cfc£. cm 
+ H#ti?Djnfi/yia*»6 H i Cl ffl#*CJ:tl4C, CKCX 

;i/x ^ pyxtyiyn p y##an Lt# y D « s o a

* y#i&#6cD**cD@81ica@fc$S!6*UT33 U > y^y

juT — # y cd®$;#3Jx. £>ii.2>.

c. xfU'/!?ftl'-lg40PV S M

P V S ©Matasc, Xf Pi-y^B^xtf-yyi:

©Kf5a«t0, -Ero#St*1-a P v s roinScjSS) t-fc. i-f, y 

X - -y •< y y )V -1? ^ * X: ^ y y©$56#®K: £ 0 , i-X-xf yy<5fi' 

-;y©-a P y » Aig£-&)£ U cniyi'Djuf-yyiS D * S 0 

SE^-eRlSS-iifc. 'y^nxfi/yHt'yylifflySCiiap, 

a^A,!fyxm#m©»t#i-& p v s (08) . it, p

7 y x - y <>B)yxf yytjjjP'SciKit;, y xltill: P 7 y xffl 

IliSWlSCKCfc P V S MtiCHitSfc (09) . c©# 

®#B, Xi^y y-yf-ii/- P *fflP'fc-^*SJS-ca, 7tfl/y>t>l# 

tmAfasm • #inMfSta*!S:2.ai-^S)S®«#«p'T©s iP'xs. 

40©if LV'AA:*#s t x 7-©ili-5? n jyxt^- u yWfP©/\ciy 

y (b-fb-^fe afe®-c # a :: i ### o fc.
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2.55

a) nestis
?K, K- t? y^'ti© P P S© l3C - N M R ( CP-MAS) V 

(i. a tit. jSfit^jRC £5=fo©tr-? K- tf y ^ Uft. P P

s £<0%.%.*$ dizBMiz&M-tpp

5 © x .infeSt £ ti T i? 7 .x — ^7^7 < K(DPS) 6 ffl , cfric Al 

CU fctSs* ( F- tfyiO L;fo%roro l3c - N K R (^%) fciBIELfc.

Al Clj oK-e'/^KJ:!) DPS ii P p S ©«•& £ P]

-fburau . K- tf y^dFhfc p P S tB»4:«S»B« Cr^'i £it

(2)

DPS, tiirf Al Cl F-bX«H) DPS© ,SC - H M R 604 -

6 D P S © C, lt«)S-rS 135.5 PPm ©£-?ti Al Clj ©gsJPC

i y 131.5 ppnKS®»-y y h i-5. c©tx;i/##©#*^6#% L-c. 

04-5 CjR L7i:£ 5K K - £ y ^ L ft: P P S *i'>y^tf-l' £6:5© 
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(2) Btas»fS®5-fcK c V D

S p> C -f -* v -f '> 3 yfj c 2: K ± y SmttroilSO'Wi: 7ftrofc<S#r
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(2) KI»I4:SS2U Slt)t77-tH' DVD SKliy^r^ 
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3000 * C 1 X 104

4 y $ —\s ■< '> 3 y 1 X 105

SS, SSi*tw$5it5«a:$roE»2E<b(± i ^RJ-cikb l %g$-c* U , c

UlSV'c u*.

(3) ^7 y 7 -f h«iii6o#$4:«-W LfciB*, croESli d ( 0 0 2 ) Jgffl

BBPH^S 3.357 l ?&af 7 7 7 -f c tz):#

$ Lfc.

^7 7 7 -f h ®!BroafliSttl±lE-C» 0 , 10 K if <? 7, 4°K TA p / p

~ 2 -c*5. 4fc*a*(±aj$SK2: t + 311^57

7 -f < . z<7>3k±+ V -t-<D»Wstffflm£te?>i!i'ih-c
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oeSKIiStoftT® < . SBKCftSfcS^-, to kPR-rM y ? - * u- -t -> 

.yfjGici!) e x io5 s/cm conmm (£%$-?*£&) ^

ftTO'-S. t,»>UCftSc9i/777-f h ( 10 mm fl )TLt'f

6ftf\ cro^,»«^#4 2: Gtl±8LTl'i!cl'. — *^7 7 7 4 hWlttOX

u»> < (nmm ix 10 s/cm) , tnt 3000 °

C 7 7 7 -f h tb L- t 4 y [Sj± b*0' ceSE 2x 10 s/cm) .

rKX$8«<0_hir C V D h 4zfc«dFt±5 c
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( C F ) t Ltd u C C&io ■Honel*P-75, » 

v-a “ b v-A” H - 40 4i0tsfflb'fc.

C V D Sclb'fc88ttt^tJ7 7ST, ««£ 0-7ltW®*£)5$t:

y7'&flSx.*.lIX57 -i y*- fcflljftStt-cV'S. KtSSfcX^
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JFFgSK G F tAft, %S®EcoSSt4:tt$6L-C
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CF tLt * I h o III 1* P - 75 cci-bca * COT: 7 -7

iSfitL-c C VD Sc i y K®*S-6-?*adF-tt*.

C F rogjfi»5* y B < . »>-7#6ft* C V D - C F (0#a%£$^A
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it t LH(SslM*5Ex.S t > KrHroiKiii £ a C
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7 -f b c%mmt#mr/f y?-XM/-r-7ay

tiGiCiy, «SE4 E^ffir^s 105 S/cn i -TS c. 2: aitfljfcfc. S 
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fclSSSrtK. t / -? (^.y-tfy) fcSAL, c v D SKi 9*«a®B c 

F _fc B if 7 7 7 -f £t BJr-o-c, if 7 7 7 -f

yt.. 10#. £ y-v yjjp( ~ 3300 • C , /<-, f A )c±3 r;y=f ytfx* 
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(3)
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0 14- R M & Kjo. 4 ° 8 '-> >* ii ^Hfny <D S E M U 8

HOPG

2000 2500 3000

tfg j% t& tK (°C )
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4 8
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243 1 5 X yf ,& t"c V D 7.5 105 1.7 10.6 110
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1. 1 jrt^SFSSIgiSESaiS

•• 55A^ro-6r^ • 7 r -f > EES«##4ro9F%

E%sei68iM« :

1.2*1 ffltoA&toBiH
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i. 3 * l *Sro*=¥*roSIJ6ttB©#'f V h
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a. -^/xn-ir* yfctf-A/4lK:tf US-fbtf-.'i'. U — ct - * o ;y 
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