
A0 A058 378 pVINSYLVANIA UNIV PHILADELPHIA LAB FOR RESEARCH ON —ETC FIG 7/14
ANISOTROPIC ELECTRICAL CONDUCTIVITY Off PARTIALLY ORIENTED POLYA—.ETC(U)
AUG 78 V W PARK. M A DRUT. C K CHIANG NOOO1I4—75—C~ O962

UNCLASSIFIED LRSN TR 7 G 7

~~~~ 

__DIIE;tTr ~



- ~~~~~~~~~~~~~~~~~~~~~~~~ ________ 
~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Unclassified
SECURITY CL & S S IF ICATIO M OF THIS PAG E (~Th.n Dais EnI.. 

~V I,_~iz -
REPORT DOCUMENTATI ON PA~~~~ BEFORE CO~ PL.ET1NG FORM 

-

READ INSTRUCTEOMS

I. REPORT NUMBER

Technical Report No. 78—7 / 
GOVT ACCESSIO N NO. 3. REcIP IENT S CATALOG NUMBER

4. TITL E (.nd Sub IItI.) S. TYPE OF REPORT 6 PERIOD COVERED

Anisotropic Electrical Conductivity of Interim Technical Report

Partially Oriented Polyacetylene 
• PERFORMING ORG REPORT NUMBER

7. ALJT I4OR(.) I. CONTRACT OR GRAN T NUMBER( S)

Y. 1. Park,
t 
M. A. Druy, C. K. Chiang, .~~. G. N000l4-75-C-0962 ”l4acDiarmid, A. 3. Heeger, ~ U . Shirakawa ’ and

S. Ikeda 4
9. PERFORMING ORGANIZATIO N NAME AND ADD RESS *0. PROG RAM ELEMENT. PROJ ECT . TAS K

Departments of Chemis try andtPhysics 
AREA $ WORK UNITNUMBERS

University of Pennsylvania , Philadelphia PA l9l~~ NR-356—602
~~~ t~ esearch Laboratory of Resources Util ization,&~VC Iaatitute— o~ Teehne~e-ou , Yeh~ha~~t-, ~~~~~~~ *2. REPORT DATEII. CONYROLLING OFFICE NAME AND AD RZ~S~ August 7 , 1978Department of the Navy ______________________________

Off ice of Nava l Research *3. NUMBEROF PAGES
16Arlington, Virginia 22217

*4. MONITORING AGENCY NAME 4 AOORESS(U dlU.ftnS fioni Con t otlln4 OffI c.) IS. SECURITY CLASS. (of Phi. voporl)

Unclassified

(5.. DECLASS1FICATION/OOWNGRA DING
SCHEDULE

~~~~~ ~~~ DISTRIBUTION STATEMENT o1 Phi. R.port) -—
I Ljj Distribution unlimited; approved for public release. D D C
- ..~~~~ ~~r2r~ r ’nr1nr2~~

SEP 7 1978
C..3 *1. DISTRIBUTION STATEMENT (of Ph. .bair.cl .ni.r.dfn Block 20. UdfUae.nt~~~~~~ .po~) 

~~ L~1I~J
~ii~~~~ E

IL SUPPLEMENTARY NOTES

Prepared for publication in Phys. Rev. Lett 4

IS. KEY WOR DS (Conilnu. on r.v.,.. .Pd. II i.c. .. , and ld.nUt~ 67 81ock monk.,)

Electrical conductivity; oriented polyacctylenej- polycrystalline films of
(CU) ; transport properties; electrical anisotropy ; temperature dependence of
vs,; ~opant concentrations; semiconductor—to—metal transition; quasi—one —
dimensional metal; electronic properties; four—probe techniques; stretched
(CR) films; scanning electron microscope pictures~ randomly oriented (CR) (0 er)

A2 A~~ST RACT (Conlinu. on v.v•ra. aid. if n.c.. i.,y and id.niIt ~ b7 61.ck nu.ib.t)

Partial orientation of the fibers in
~~~~y~!ysta11ine films of (CH)~ -~1eads tosignificant improvement in the transport properties and to the introduction of

electrical anisotropy.~,,..Wtth an elongation £/~ 3, the room
1temperatureconductivity of AsF c~~ ed (CII) is in excess gf 2000 (Q-cm) , i.e. coinparabi

to that of high qua~it~y \thg1e ~rysta1s of (SN) . From studies of the tempera
ture dependence we conclu~e that the intrinsic ~ sppropriete to the fully
oriented polymer is consid~ rab1y hi gher. The increase in anisotropy on doping
suggeat~’ that at dopant conCe1Ttr~tions above the seutt~~ ndu~~ or~t ~etá3~ kOver

DD ~~ 14/3 EDITION 07 * NOV 6 3 5  OaSOLETE Unclassit~iedI J A 

•tc~~~i~~ CLAS IIFICAT ION OP THIS PA G E (*~i.n DSP. lnfSt.~~
S/N 0103•014 -  46 01 I



—
~~
._ j~~~~” ________________________________________________________________________________________________- — - - —— - -- - - L_ — ~ — - ~~~~

••
~~~~~ ~~~~

~ 
1-M~~~~~~

~~

t~.19. ~Con L ’d)

film; inter—fibril contact; charge—transfer mo~~ l; acceptors;
polycation; po1yu~ r chains; [dH (AsF

s)ojoJ~
;[dHIo2s]~

.

20. ~Cont ’d)

tra nsit ion, the n~ ta1lic state may be quasi— one— din~~nsiona1.

i
I

i

I



I — - — 
-~~ ~~~~~~~~~~~~~~~~~ - .

9 ~~~~~~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~ • ____ ~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~

OFFIC NAVAL R1~SEARCEL

Cont N~ $~
14_75_C-~962

Task No. 356-602

TEChNICAL REPORT NO. 78-7

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Y. W.\Park? M. A. Druy, C. K.~ Chiang~~ A. C. ~~ cDLarmid

A. J.~Bee~er~ L/Sbir.kaV1~i~ ii~~~~
S. Iced.

~~~~~ ~rc~ L Prepa red for Publication

Physical Review Letters

Departu*nt of Chemistry and
tDepartulent of Physics,

Laboratory for Research on the Structure of Matter,

)
~ 

University of Pennsylvania ,

I ~ Philadelphia, PA 19104

‘Res.arch Laboratory of Resources UtiliutiOn
Tokyo Institute of Technology

Yokohama , Japa n

~~~~~~~~~~~~~~~~~~iguSt 7 , 1978

_ _
Re

p
ro duc tion in who le or in part is permitted for

any purpose of the United States Covernn*nt
U’S

~ ‘JT ‘mt. ~gj _____

/ ~ Apptoved for public release distribution unlimi ted.

~8 O S
~ 4 

~ 40

~~~~~~~~~~~~~ ~~~
.- ——— -  - . 

~~~~~~~~~

~.



____ 
- .. : 

- 
~~~ :‘~~

- -
~~~~~~~

-‘ 
~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ 

. 

rT~I

ANISOTROPIC ELECTRICAL CONDUCTIVIT~1 OF PARTIALLY

ORIENTED POLYA CETYLENE

Y. W. Park~ M. A. D ruy? C. K. Chiang~ A. G. MacDiarmi d~
and A. J. Heege r t

Laboratory for Research on the Structu re of Mat t e r
Univers i ty  of Pennsylvania

Philadelphia , Pennsy lvania 19104

and

H. Shi rakawa and S. Ikeda

Resea rch Laborato ry of Resou rces Uti l izat ion
Tokyo Insti tut e of Technology

Yokohama , Japan

Abstract  
.

Partial orientation of the f ibers  in polyc rystallinc films of (CI-I )
~

leads to si gni f icant  improvement in the t ranspor t  p roper~~cs and to the

introduction of electrical anisotropy. With an elongation ~/ L 0 3, the

room temperatu re conductivity of A sF5 do ped (C 1-l)
~ is in excess  of

2000 (~ -cmY~ i. e. compa rable to that of hi gh quali t y sing le c rys t a l s  of

(SN) . From studies of the temperatu re dependence we conclude that  the

Intr insic  appropr ia te  to the full y or iented pol ym er  is cons ide rab ly

higher. The inc rease in an isotropy on doping s ug ge st s  that  at dopant

concen t ra t ions  above the s e m i c o n d u c t o r- t o - m e t a l  t r an s i t i o n , th t ’ metall ic

state may be q u a s i - o n e - d i m e n s i o n a l .  
- , 
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in a series of recent studies , we have domonst  rated that  the

m1con iuct in~z pol ymer  (Ch I )
~~. pol y a e e t y lone , can be chcmi~ ally doped

1 4

with donors o r  accep tors  to yield n- t ype or  p - t y p o  mater i a l , t h a t  the two

5
kind s of dopant s can compen sat e  one ano th er , and that  a p-n  junct io n can

5 1-5
be fo rmed. Through c ar o f u l  cont rol of the dopant concent r a t i o n , we have

shown that the e lectr ical  conduct iv i t y can be systematically va ried over

eleven orders  of magnitud e cover ing  the ful l  range f rom i n su l a t o r  to

semiconductor to mut a l .  Transport,  and Inf ra red t r a n s mi s s i o n  studies

Indicate a scmiconducto r - to - m eta l  t r a n si t i o n  at a dopant coiic out ration
2

near 1%. The room t e n ip er atu r e  e lec t r ica l  conduc t iv i ty  of a s— g r o w n

polyc rystalline f i lms  of c i s_ [C I I (A s F ~ )~ ~~ 
was repo rted as 560 (O-cm) 1

compa rnbk’ to the best sing le c rystals  of o r g a n i c  metals such as T 1’F-TCNQ.

Thi s hi gh c on d u c t i v i t y  i s  pa rt icula rly i n t c  r e s t i n g  since  e lec t  ron

mic roscopy s tud ies
7 show that  the (C1i l~ films cons i st  of t a n g l e d  r and omly  ~

- 
-

• Oriente( 1 f ib ru (t ypical  f ib  ri 1 d iam e t e r  of a few bond red a ogs rums) .  The

su red dens i t y 8 i s  0. 4 gm/cu ’? compa rod wi th  1 . 2 gm / c  rn” obtal nod by

flotation t echni ques . ~nd u ’ at t n g  th at  the pol y m er  i ibri ls  f i l l  ont y about  out’ —
7,8

thi rd of the  t ot .~l volume. X — r ay stud ies  show th a t  t h e  (CI I )  f i lm s  a re pol y—

c r y s t a l l i n e  w i t h  j u t e  r cha in  sp a c i n g  of app r ox imat e l  v .~~ . S A. Consequent l y we

expect the I n t e  r chai  n e lect  ron i c t r an s fe  r m t  ot~ m l s  to be smal l . 0. 1 ~V , i. e.

less than or compa r~iblc to the j u t e  rmo lecu la  r t r a n s f e r int og  r a ls  a long the

_ _  

_ I
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2
6b-a~~s in TTF-TCNQ where  the i n t exm o le c ul a r  spac ing is 3. 6 A. On the

other hand , molecula r spec t roscop ic  s tu dies  of shor t  chain  pol ymers

lead to the conclusion that the int r acha in  t r a n s f e r in t e g r a l s  fo r  ca rbon

at oms sepa ra t ed by 1.4 A arc  of orde r  2 - 2 .5  eV .9 Thus we anticipate

~ highly anisotropic band s t r u c t ur e  wi th  cor responding ly an i sot ropi c

transpo rt in (CH)~ . Indi rect evidence of thi s was obtained from the
Itempe ratu re dependence of the conduct iv i t y in (CI-l )~ doped to concent r ations

above the semiconducto r~ to rneta1 t r ans i t i on .~ The conduc t iv i t y was f ound

to dec rease on low e ring the t empe ra tu re in a manner  s imi la r  to that  observed
10 11in pol yc rysta l l ine  (SN) , subl imed fi lms  of (SN) or pol yc rystallinc

12
TTF-TCNQ where  the t ranspo rt is limited by a combi na tion of an. isotropy

and interpa rtj cle  contact .  Itt these cases , the conductivity dec r eases  even

though the single c rysta l  t r anspo rt m e a s u r e m e n t s  along the pri ncipal con-

• ducting axi s c lear l y impl y metal l ic  b ehavior .
13

Shi rakawa and Ikeda have recent ly  repo rted si g ni f i c an t  ori ent a t ion

of (CII) a f te r  s t re tch e longa t ion ;  they have been able to va ry the  amount

of or ientat ion by com bined mechanica l  and t he r m a l  t r e a t m e n t  r e su l t i ng  in

elongation with L / L 0 1 to 3 w h e r e  ~ is t he fi nal s tr e tched length  and

the uns t r e tched  length .

In this paper we pr esen t  a su rvey  of o u r  i n i t i a l  stu dies  of the

electroni c prope r t ies  of these pa r t i a l l y o r i en t e d  (Ci i )  f i lms .  We  find

1~ --~~~~~-j— -. -~~~~~~ . - • - 
--
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that the orientation resu l t s  in e lec t r ica l  anisot ropy w i t h  c~~/a • 10 in

the undopcd f i lms (
~ and i refe r to pa ral l el  and pe rpendicular  to the

orientation d i r ec t i on ) .  The elect  r ical  an i sot  ropy Inc rca sos w i th  dop ing

suggesting quas i-one-d imens iona l  meta l l ic  behavior  in the full y oriented

• doped polymer .  For s t retched [Cl1(AsF
~

)0~~~~J with L i t 0 3, 011 (300 K) >

• 2000 (O-crnY 1 with a rt isotropy of approx imate l y 16. The t empera tu re

dependenc e of the conduct iv i ty  in the doped or i en ted  f i lms ind ica tes  that  the

conducting pol ymer  remains meta l l i c  to low t empera tu res .

The polymer  tUrn s w e re  synth osi~~ed us ing  techniques  developed
7

by Shi rakawa et al. and desc r ibed  in ea r l i e r  publ ica t ions .  Orientat ion

was achieved by s t re tching c i s -( C l l )  f i lms  at room temperatu re with

subsequent add i t iona l s t r e t c h i ng  du ring i somerL~at ion  at 200 °C. Det a i l s

on the o r i e n t a t i on  t echn ique s  arc presen ted  elscwhc re. The elec t r i ca l

conduct iv i ty  was  inca ~u red by fou r - p robe techni ques u s i n g  samples  cut

pa rallel and pe rpend icu l a r  to t h e  o r i en ta t ion  d i r e c t i o n .  The resul t s  we re

supplem ented and independ en t l y checked by means of measu r ements  u s i n g
14

th e method develop ed by M o n t g e i n e  ry w h i c h  yie ld s  the aniso t  ropy and the

pa rallel and p erp end icu la r conduc tiv it i e s  d i r e c t l y f rom a sing le sam ple .

Af ter  ini t ial  measu r ement .  th e  samp les w e r e  doped wi th  iodine o r  AsF

and subsequen t l y measured  both at room t e m p e rat u r e  ~nd as a func t i on

of ten~pc r atu  re. Dopant cone cnt r a t I on s  we re  dote rmined  f r o m  weig ht

Inc roase. Typica l  samp l~’ s f or  . 1-probe measu  r ement  wer e  f i l m s  1 cm
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by ~ cm with a thickness  of 0. 1 mm. The Elec t rodag contacts  we re painted

ac ross the width of the sample. The Mont gomery samples had simila r

dimensions and thus were  well in the  t h i n  sample  l imi t ;  E lect rodag contacts

were painted on the fou r corne rs.

The room temperatu re resu l t s  ar c  summa rized in Figure 1. The

anisot ropy is plot ted  in Fi g. la as a func t ion  of dopant concen t ra t ion  fo r

= 2. 30 and £/ L 0 - 2.91. The induced anisotropy of the undoped oriented

films appears to inc rease app rox imatel y as the  square  of the elongat ion

(prio r to s tre tching the non-a l i g ned samp les a re  is otropic both befo re and

$ a f ter  doping with AsF5 ). The an iso tr on v  remains a f t e r  doping , inc reasing

modestly with iodine and mo re steep ly wi th  AsF . The effects  of e longa t ion

(alignment) on the absolute values of and G a i-c show n on Fig. l b  fo r

the heavily do ped metal l ic  pol y m e r  [Cl-l (AsF )~ ~~
] .  The pa rallel con-

ductivit y i nc reases dra matica ll y wi th  a l i gnmen t; the solid curv e follow s

0 = a~ (LIL0)3 where  c = 300 (Y~ -cm 1 .

Scanning electro n microscop e p ic tu res  of the  f i lms  as g rown and

after  stretch ali gnment  are  show n in Fi g. 2. The c h a r a c t e r i s t i c  br~inchcd

and twis ted fibr i ls  of the u n s t r e tch e d  pol y m e r  d i scussed  ea r l i e r  by
7

Shirakawa et al. a rc  clea rl y visible in Fig. 2a. Elongation resul ts  in

alignment as shown in Fi g. Zb. However  compa r i so n  of the two show s that

the fract ional  ali gnment  is modest.  Detai led expe riment s to provide a

•~~ 
•~~ quan t i t a t ive  mea s u r e  of the f r ac t i ona l  a l i gnment  a rc  in p r o g r e s s .

The temp o r atu  1-c dcp cndences  of the  pa ra llel  and pe r p e n d i c u l a  r

co n du c t iv i t i c s  and t h e  an i sot  ropy ~ r an  o r i ente ct  f i lm ~ / 2. ° I )  doped

‘-H
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into the meta l l ic  r eg ime  with  A sF5 a re  shown in Figu re 3. The solid points

result f rom fou r p robe incasu rcmcnt s  on twt ’  s ‘pa rate ( I~ and i )  f i l m s ;  the

• x points r e su l t  f r o m  the M on t g o m er y  1~~ca s ur cn -~ents .  The t h r e e  samples

were taken from the same in i t i a l  f i lm and doped s imu lt aneous l y t o a fi na l

composition ClI(As F5 
)
~ ~, ~ 1~~. We expect the Montgon ie  ry techni que to

give the most reliable data since  the measurements  w er e  taken on a sing le

sample. ~The f o u r - p r o b e  data come f rom two sepa rate sam ples (H and ~
),

so that sli ghtl y di f f e r en t  final c o m p o s it i o n s  a re  possible. N e v e r t he l e s s .

the re~ u lt s  f r o m  the two independen t  Se t s  of measu remen t s  a r e  cons i s t en t ,

and the genera l  ag reemen t  is excellent.  The room t empe ra tu re pa rallel

conduct ivi ty  is in excess of 2000 (~~-c m)~~~; the a v e r a ge  of the two measu re-  3

ment s y ields 2 150 (C~-crn)~~ . On cool ing , and ~ de c r ease  slowly ; 
•

however , the conduc t iv i ty  remains  hi gh even at the lowest  t e m p e r a t u r e s

consi s t en t  w i th  meta l l i c  behav io r .  A more de ta i led  exa mina t ion  of the

data show s that  r emains  approx imate l y c o n s t a n t , inc  reasin~ s l i g h t l y

(
~ 0. 5%) down to 260 K , whe reas  ci dcc reases monotonicall y.

The r esul t s  of th e s e  in i t i a l  s tudies  on or iented  (Cl -I) must  bex
1-5con-tpa red w ith  ea r l i e r  r e s u l t s  on the random pol y m e r .  The gene ral

conclusion is  th~ t th .~ t r a n s p o r t  is  in deed  u n -  i ted  by a combina t ion of

interp a r t i c l e  con t ac t  and an i s o t i -~ pv even in the  p a r t i a l k -  o r i en ted  t u r n s .

ii
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The int r ins ic  conductivi ty  along the ( C H ) x chain d ir e c t i on  in the doped

metallic pol ym er  may be mu c h  h ig h er t h a nt l l e  m e a sur e d  value .  The t r en d s

in the data t o g e t h er  with the e lec tron  mi c rO sCOP e  phot ograp hs sugges t  that

better or ient at ion wil l  lead to considerabl e enhancement  of the an iso t ropy

and the absolute room tempera tu re conduct iv ity  (Fig. 1) with $
(T)

probably inc reasing substant ia l l y 00 cooling .

The dependence of the induced aniso t rOpy on elongation as imp lied

in Figure 1 can be unders tood on a geometrica l  basis.  Stretching increases

the number of paral lel  f ibe r s  per  uni t c ross  section along the s tre tch  di rechon

and allow s c ur r e n t  to flow longer  d is t ances  in thi s di rect ion wi thout  the

necessity of transpo rt a cr o s s  the in t er - f ib r i l  contact .  How ever , the nu mber

of fib r i l s  ~ inni n g perpendicula r  per  uni t  c r o s s  section is corr esp ond1i~glY

reduced so that the p e rpend icu la r  t r a n s p o r t  remains dominated by in t e r -f i b ril

contacts. The re su lt i~ g an i so trO Py  and para l le l  conduct ivi ty therefo re inc reases

dramatically Ifl agreement with Figure 1.

The obse~~~ed inc rease  in an isot roPy a f t e r  dop ing is consis tent

4,5
with the cha rgc~ tr aflS~~’r model developed f o r  the dop ing mechanism in

polyacety t efle. The t c cep t O r s  (M arc present  as A anions  (13 in the case

15, 16
of iodine) wi th  the pol ymer  c ha i n  ac t  1n~ as a pol

ycation. At high concerL-

t rat ion S the ho les  delocal i  ~~t ’ e iv in ~ ~~se to me ta ll i c  b ehaV ior .  
2 The I onic

A species ev ident l y re side  b et w e en  the  pol y m er  cha ins  a n d /o r  t h e  s u r fa c e

of the pol ymer  f i b r es  and t h e reb y  lea- i  to Inc reased  an i so t r oP Y .  The

A
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situation may be somewhat  ana logous  to  that  found in gr a p hi t - - acc ep t or

Intercalation c o m p o u n d s v~ h e r e  ;t d r a n i - t i c  Inc r ea s t’ in  anisot  ropy is

observed a f t e r  i i~t c  r c a l a t i u n  as a r e s u l t  of inse  rt i on of the  in t e  r ealant

17 1~behv cen g r~ p h i t e  I ;~ve  r~. . Hsu et al. s ug g e s t  f r o m  t h e i r x - r a y  s t u d ie s

that a s imi la r c h a i n  s e p ar a t i o n  ~ ~1ect may be o c c u r r i n g  in  p~~ly a c et v l e n e .

This is con si st ent wi th  the o b ser v a t i o n  t h a t  wh en  st i -etched  t r a n s  - (Cl  I)

( u t 0 2. 36) is doped to g ive (C11I
~ ~~ 

th er e  is no c h a n ge  in l e n g t h  in

the di rect ion of ali gnmen t , but the  t r a n s ver s e  d i m e ns i o n s  inc rease  by

app roximatel y 2t~~ (ove rail vo~umc  ch a n g ~’ •l~)~~). T u e  d e n s i t y  of the

doped mater ia l  ( 1. 2~ gr n / cn l3 ) i s  g r e a te r  than that of the i n i t i a l  s t ret c h e d

t r a n s— ( C i f l ,~ f i lm (0. 5 gm / cm3 ).

The inc r ease in ani sot rOpy up o n  d op i n g  t o g e t h e r  w i th  t h e  i n fo  r red

high conduc t i v i t y  a long the pol ym e r  c h a in s  su~~ge s t s  tha t  we max ’ be d e a l i n g

with a q u a s i -  o n e — d i m e n s i o n a l  ( 1 d) me t a l l i c  s y s te m  in the doped pol ymo r.

it will be of i n t e r est  to di r ect  f u t u r e  expe  r imen tal  s t u d ie s  t o~va rd poss ib l e

observat ion  of the wel l  - known 1 d i n s t ab i l i t i e s .  -

in summa ry ,  pa r t ia l  o r i e n t a t i o n  of the f i b e r s  in pol yc r y s t al l in e

f i lms of (CI I )  leads to si~~n ific . in i  imo  ru v e m en t  in the  t r a r i sp o  rt p r epe  r t i  es

and to the m t  r ed u c t i on  of e l ect  n e a l  a ni sot  ropv . With  an el at i on  -~ “

• the room t e inp e  ratu no c o n d u c t i v i t y  of As F doned  ( C l i )  is  in e x c ess  of
x

2000 (~.— c m )  ~ , i. e. compa r ah i e  to t h a t  of hi g h q u a l i t y  s ing le c r v st ~Lh ~ e’f

(SN) . F ro :n st u d i e s  of t h e  t e n ’~~’ i-a tu no u t ’ncfl denc C ‘V 0 ~~ ne lude  t h a t  th e- 

-
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int rinsic appropr i a t e  to the fu l l y or i~en tcd p ol y im -  r is cons ide rab l y

hig her.  The I n c r e as e  in  an i so t ropy  on dop in ~g s u gg e st s  t h a t  at  do pan t

concent r a t ions  above the ’  s er n i c o n d u c to  r - t o - m et a l  t r - i n s i t i o n , the m e t a l l i c

state may be q u a s i - o ne - d i i n e n s i un a l .
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Figure Captions:

Figure 1: —

a. The electrical a n iset  m-~my, c-’,, f T , a s a fun c ti o n of  d o p a r m t  -•

conceut- r a t ion  f o r  pa r t i a ll y n h  gii ’ed (Cl I )~ fi bns at d ilfe  ren t
values of e l o ng at i o n  ( ~ /

L IZ  dopant

£ 2. 11 iodine
2 .11  AsFr

• 2 .9 1  iodine
o 2 .92  AsF5

b. Conduct iv i ty  of meta l l ic  h ea v i l y doped ~ Cl l ( - -\ s  F )
~ ~~1 as a

funct ion of e l o n g a t i o n  ~ / as obtained by M on t g o m n e  r-y ni th od .

• • • — pa rallel to ali gn m ent d i r e c t i o n

x x x — pe rp cnc licu la r to ali g nm en t  di i-co t ion

Figure 2:
a. Scanning e lec t ron  nile roscope p i c t u r e  of as  - g rown (CII ) .

b. Scanning elect  ron mic ro scope p ic t im me of st r et ch  o r i en t e d
(C}I)

~~
.

The average fibri l d i a m e t e r  is a p p r o x i m a t el y 200 ~~~.

Figure  3: Conduct ivi t y v e r s us  t e in p t ’ r~t t u  re f o r  0 r i e nt e(l ~ C l l (A s  F~ )~ ~ ~The fi lm w a s  st r e t ch -o  n i e n t e d  ( .~/ -
~~~~ 

Z. 9) p r i o r  to dop ing.  -

• • • — f o u r  — pro  be men  su rem ent s
X X X — Nl on tg on e ry f li ca  Sn r e m em i t

- 3
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