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S Polyacetylene, (CR) , is the simplest organic-polymer, got j*.1.-anrras
C.) forms may be prepared as silvery, flexible, polycrystalline, semiconducting films.
LJ The cis-films can be stretched over three times their original length with partial

.j alignment of the (CR) fibrils. Through chemical or electrochemical doping, theJ electrical conduct ivdfy of the films can be increased oval tvqtlve orders of magni-
tude with proplrties rangn from insulator W10lO10 ohm- cm-), to semiconductor
to metal W10l ohm-'cm )*. By the use of donors or acceptors fl-type or 2-type
polymer, respectively, is produded. Wnen-03O56a.-M 1F1 11050 Mat~ inC(R) 'films
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20. show marked anisotropic electrical and optical properties. 
Studies have shown

that rectifying p-n junctions as well as Schottky 
barrier junctions can readily

be fabricated from (CH)x .
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OlRMiIC HETALS AID S1ZCCUDIICTORS:

IOrTACEU .LDI (C!)_, AND ITS OnVnnTZA

Uy Men .. N&acLd Clepartment of Chemistry)
eand Alan J. leeget (Depertimaut of Physics).

Undversity of ?enmylueae.

Philadeiphbi. PA 19104

Polyacetyleue. (Cm) is the stuplest possible conjugated rSuaic polymer
and to therefore of spejal fundamental Interet. In a gvr'es of studles.
Shirahsa e &1. (1-4) succeeded In uynthesizing b. qualy polycrystzingb

film of (CE), end developed techniques fot 4n..roUlng the cis-trans contest.

ass

TRANS

712ure I Cis- and tins- polyacecylane. (CM),

nbo (CH) filam hae a Zuetros silvery appearmee; they are fe2lible ad Mp-paw t e , excellent mechanical properties. F cat be mods free sted-

gag. or On eubetratee MuCh glass or setsl. Film have bees made with
Chi lche , vaying froe 107 ra to 0.5 a.,

(1) SUTUSIS or (CIO) mm

Polyaeetylee film my be Prepared by Osiply wvetin the Inside valle of
a glaes reector vessel with a tovese salaries of (CCWJIJ MA (a-C E.0) 4 1
Ueagler catalyst sad &ha immeditely adttiw aM e 8a a rese o .a
fhm a fey centimeters up to p I etmeopbere preesure. 2he eohesive file P-
Ambw a few seaonds to I bar, depamda gm ebe pressure of aestylem sad
temperture employed, e al surf"ee lich hav be wet SY the cetalyst s-
let f. If a pelymetimatei.e mperature of 780C ta wed. the film to
feneed almoe cpletly an the i rt ira temperetre of ISOC s used
(dee solvent) the filIs reined . s am . omerm. With leem tmpeea
twoa Vlymeriatime th file Is o0s S and 20i sm-ser.
The hla-teemr say be toeevemetly egeverted to the l-iemsen tabem-

e1 aal seale fors) by heatin at S& 2 fer M1 oar. (14). Out wed
emua of (Cm) (5) my be proered Using Maet astalyst teeetretioca. U4e46
my he i seii-sd to yield bih peems. very lee dessity. 51een-libe
(CE) (3).
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(2) STOMC- PROPERTES OF" (CH) UMs

Electron microscopy studies show that the as formed (CI films consist
of randomly oiented~fiblrila (typical fibril I amoter ca 200 . The bulk den-
sity to cs 0.4 ga/cm compared with 1.2 gm/rn as obtalmed by flotatiom tech-
aiques. This shows that the polymer fibrils fill only about one third of the
total volmne. X-ray studies show thai the film ate polyczystslline with In-
serchal spacing of approximately 3.8A (1-4).

(3) DPING o (CH)_ F1125

hen either cis or tranu (CII) fil s are exposed to electron attracting
substances such as Ir I 7 AsP 5 , 12SO4 HelD4 , etc. vapor, they become
"doped with the species and their electrical and optical properties change
markedly (Sea Table 1) (6,7). They nay also be readily doped electrochemical-
17 to 7ield compositions such as (CH0.07 1x (CHd(Co).06 X,1.• €l"07)0.0771. , *e'. (a).- S~lts containing the CO;) or (,%2) loms such

as (U 2)+(Sb .alsoct as good dopants (7) e.g.

(oI) z + 0.05x('O2 )+(Sb? 4 )- - (CE(Sb?) 0 .0 5 0 J + 0.0S102

All these dopants are electron-attracting species and may be considered as "p_
type" dopants.

Net of the physical studies on doped (CR) film have be carried out
ustng 12 or Asa5 aedopents. lama studies show tha the ine Is pre-
se" as the 3 Ion (9.10). This implies that the (CH) chain must
therefore exist a8a polycarbolium ion. The mature of the Ail species is
still somewhat uncerta n. Elemental analyses (Table 2) (6,.1)'1 given dif-
ferest results, possibly because of sl&ght differences in dopes procedur or
purity of the hAs * which frequently contains 11. If the dopant. species coa-
tains arsenic OAndue in the ratio of 1:3. then It Wa be present as the
diamagnetic ( 2 7 ) sn(12). If it contains the elements in the ratio of
1:6. then It is2£8 p2 u"bly present as the (AsTF) Ion. lhoroleccron spectro-
scopy (12) shows the principal species bas the empirIcal f omula MF S where"
I1-ray absorption (13) and 1/1 data (13) iita the presence of the (As?6)"
ion. The latter on could arise through one (or bath) of the two possible Te-
actions belo:

+ y1W 10t,13 4AyE? *

C()U + 3+Sw ,1 * C 2o(A.( )l 1. + o ?3

lec mvdoeh sefti Ide o. "u-cype be etsd my as be Inoue d atef
ties of e.g. sodium usphthalide. vim.

MX la~ + 0 .2spth

soe (CM)a chain in these materials my be considered as a polyearboaisa iS.

(4) I M J 93Ur ;m= or WO1fe l'D] C) 7M1 AND Sf

Ubm pure polymectyleme is doped vthb a deucr oam nepeer. the senf-
trisel emedun t ivy inres" shbrply eor m eurs of mooide at low
fe aen tiom, t em saturates at higher dopast levels, abes oppeogdmtely 1

.134-



(6,24-29). The maxim conductivity we have reported_1 to at rem tempers-
twor for son-algned cle-IE(A) to 11200 elm cm Typical behaw..
ior for tme coodictIvii-Y as a K0110 n It dopa Concentratin (Y) toschows is
Viware 2. The"e comiuctivity studies ouggeat a change in behavior sacw 11 do-
past conceet~ateng a semiconductor to metal traniion.

II

0 enS Go cis 920 GAS

nagre 2 glectrical ""adctivity (ToOM temperature)

af a function of "oPast assacstnation.

To verify th existance of the saniconductr-tw-estal trancitioo. far In-1
frared tranainiaaien data ware cakes (10) an samples of varying concentrations
of iodIne and Aar (with qualitatively similar results). Zn the case of the
ai smqle. there Is no obsewabla transmission throughout the 1/1 done to
20 am,* This Is *cousistest with aecallc-type behavior. Themoeectric
powew 1eseet (20) and coductiem activacims esegam CjL?) also chew the
semiscmdcter-matal trossitiaa very clearly.

(5) FAM uTLI zIrID11 : ANI110T? E.ECmALMW AND CA g=& 5TZU

Skefh (=) film way be stretched te 11n2-4 times their erigimal -
joeIF- hi iuam~ partial orieaamie of the (CM) fibrIla Which reaulta in

a larp tacrese i sau tiy is ede d"meti aae to the strae a&-
reetem snd a redoettes Is conductivity to the directien pwev~ensuhr
atwetehog (18). Par exmle. eeauwtivities to Mee of 20M elm an
have bean observed with Am? -depd film (16).* Optical studies osing polarized
light show merhed anleetregit behavior of beth the doped end andoped CEt) I
11laM t.

(0) sugMuMor a c ofW~ CO - Mol111

A amriss of studies have bae carried oft 16ich clear1y daneectrate that
reetifyeg- Juntion as well as Scak hanrier Janctiea. cam readily be



fabricated from (CA) (14,2.21a oddities. reet studies obey that a red ph.-
towltaic &ae aq t b. obaoga. When. for example. 1pare.: (P-tpp) (cot) is
Is costac: with a crysal of (.-qpo) Zags (21). soch system say have p.!..-
tial a" IL. 1e-cool terrestrial enter aseray production.

f (7) caS&aSxONS UL(' 3yt b
As cas be seenfs~~iae $hc cnains a list of Condulctivities of

*comag. substances, (CO)ns quite eamrlablo to thAt its conductivity can be
readily modified to spA1 as extroowisartly large rap. Considering possible
polyacstyie. derivacives, replacement of sow. or all of the hydrogen atom In
(CH) 3 with 0rgut 0 orgai SMrp. OG. copolymerimation of acecyleo with

othe seeyleas orolef a a the we of diPfferent dopazats should load to

trical Proportiun that a beisrleovrthe full camge freeInuao
to semiconsductor to metal.

-o

Sa-

.1ro.

mma

64"4

flgoir 3 st of conductivities of assue subsase

(6)

the submr are imieobed to as following pereema fer their afesrb-
tiames 4.R. Oda". N.A. Grey, 4.1. Flacher. it:.. S.C. Oem. 3. Millike.
1P. 9161, 1.3. Park, 314. PeOOLem a"A if. Pam.

L. B. Shivahaow and S. Zboda. 1.1.,.. .. 3, 231 (1971).
S. 1. Slirshows 1. too and S. :1ud. P*lym. J1. 4. 440 (19M3.

4. 1. s, U. U1941010 and S. Mae, J1. P01710. goi. P0171. Own. UM. j,

1943 (1975).
.I6.. beh J.4.3. Otm, M.. lbram, N.A. Dray. I.N. Park, A.G. ftachr-
sid med A.J. Ieea. 3 . at Pelys. S"t. (a0ubt). (1979).

a. C.E. Chiang. N.A. SW. S.C. Gem. £J. bGet, .3. Loa, A60. Vockas..
sid, I.N. Fark, J. Aik. Of. See. M~. 10U (1976).



7. S.C. Can, J. Milliken. A. Prom, A.G. Macftaruid. and A..?. longer. Chen
Ca.(to press).* (1979).

S. 1.3. Nigrep. A.G. )fMac=izu. A.?. Saeger, Chen. COM. (IS pre).

I. . larada. W. Tmsimi, 3. ShIcakaw., S. Ikeda. Chem. Lett. 12. 1411 (1976).
10. 5.1.. lieu. A..?. 9inorelli. 0.?. tax sad 1.1 Sataghoan. 3. Chen. Thys. 69.

10N (1978).
11. A. Pros. A.GJA4cieuid. AJ. Meager. unpub~ishad observation. April

(2979).
12. VEL Salack. 31.1. Them"a, 0.3. Duake. A. Patan. 2.11. Plummer, A..?. 3mager

and A.G. FacD~emid. 3. Chen. Phys.. Is pies. (1979).
1L3. I.0. Clark. 3.3. Gelss. . 111.ii P.M. Grant. 3.11. Mackin. 3. Noradtx,
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17. C.L- Chiang, 7.11. Parko A..?. Nagger. R. Shirakava, Z..?. Louis, and A.G.
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kawa and S. Maude, J. of Polym. ScL. Palyn. Lett. Ed. 17. 195 (1979).
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TAILE I

2500

4"-(CB~z1.7 x 109

tvdasanta) 4.4 1.60

tram- (C E 0 .) 7310-4

uie-(OEmr) 015
I x. 10-4

trams-ECaI(As,) 0 3 J . o

truae-['OAe 3)** 4 x

elf-MM 0.14k . x 7I



?A3L2 I (cOxDm=S)

Ci-fl(*3*4)0L"(mO)0.70'-1.2 x 10 3

da-o(Ec104 )0 . 3 7 (%0) 0 .2 9 7J 3  1.2 x 103
e4s-(CICSb?) 0 0 50J 4.0 . 102

ds-ECH(C10 4 . 0 4129. 10 i2

cta-[CA7 4 ) 0.0 77 Jx 2.0 2 

A. U-type (Gectrol-4ogstinz dopantS) 2. 10
ci'-IU0 3 0 CCO)I 1 2.

C"Ia0.21(w is
±s.-frx 16 (cm)I. so

*--lsI or "tram" reform to the priwAcpaJL
* luoetic compoalclna hefore doping

AxALss 0?- 6lip-DPVJ (ca)- rxL'5

IC z3 IAs 1? Total
Cmaic. 19or

(CWcA? 6 )a. 1 13x 37.64 3. 17 23.48 35.71 100.00

Cale. for
31 *01 -1s~) -3. 3.46 23.40 35.61 10O'.00

rud37.67 3.69 23.73 35.81 100.90

as". for
7 C0(DAmS).01 40.15 3.61 24.80 31.44 MA0.0

round Mu3.8 3.75 24.69 31.48 99.78
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