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ORCANIC METALS AND SEMICOMDUCTORS:
POLYACPTYLENE, ‘C!llll AND 1TS DFRIVATIVES

by Alan G. MacDiarnid (Department of Chemistry)
aod Alag J. Beeger (Departmant of Physics),
Oniversity of Peansylvania,
Philadelphia, PA 19104

Polyacetylens, (CE)_ is the simplest possidle conjugaéod %rganic polymer
and is therefore of upoefn fundamental interest. In a s;q.::-;._.‘og .gud::..
Shirakava et al. (1-4) succesded in synthesizing hish quality polycrystalline
films of (CH) sod developed techniques for Conerolling the cis-frans conteat.

(Pigure 13,

TRANS
Tigure 1: Cis- snd trans- polyacecylene, (Cl)'

The (C)_ filns have s lustrous silvery appearance; they are flexible and sy~
pear to have excellent mechanical proparties. 7ilms can be made fres stesad=
ing, or on substrates -uchsn glass or matsl, Filas have deen sade with

thicknass varying from 10 ° ca to 0.5 cm.

) SOmRsIs oF (D), TILS

Polyacotylena filme msy be prepared by simply wetting the inside walls of
a glass resctor vessel vith & tolusss solution of (Eﬁl,d“ and (a-C R .0),TL
24egler catalyst and then immediately sdmitting ace gas &t f ssure
from a few centimeters wp to ca 1 actmospbere pressure. The cchesive film grows
duriog 8 fev seconds to 1 hour, depending cn the prassure of scetylens and
tempersturs employed, en all surfaces which have bess wat by the catalyst so~
lution. 1f s pelymerisascion tempersture of q-n'c is used, the fila is
forwed alwost completely ss the £3 {f a temperacure of 150°C is weed
(decane solvent) the film s fo s the tran . With room tempers=
ture polymsrisation the fila is mog ﬁ sio- and 202 isemer.
The gig-isoner may de couveniently converted te the trans-isomet (the thermo—
dynanically stable form) by hesting at g8 200° fer ea 1 hour.(1-4). Dark ved
gals of (CW)_ (3) may be prepared using estalyst concentrations. These
(qa) h(”'mt od to yield highly perous, very lov deasity, “fomm-1ike”
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(2) STRUCTGRAL PROPERTIES OF (CH) _TFILMS

Rlectron microscopy studies show that the as formed (CH) filus consist
of vandomly ot!mud’nbdh (typical f£1bril diacater ca me. The bulk den-
sity 1s ca 0.4 gu/cn” coupared with 1.2 gu/ca” as obtained by flotatica tech-
aiques. This shous that the polymer fibrils f£111 only about one thixrd of the
total volune. X-ray studies show th:i the filas are polycrystalline with io-
tarchain spacing of approximately 3.8A (1-4).

(3) DoPmNG OF (Cu) FIULNS

When efther ¢fs or trans (CH)_filas are exposed to electron attracting
substances such as Br,, Iz' Asrs, izso‘. ncm‘. etc., vapor, they becoce
*doped™ with the tpccies dad chair electrical and optical properties change

markedly (Ses Table I) (6,7). They may slso bs readily doped elactrochemical-

1y to yield cowpositions such as [Cﬂ!o.w]', (CH(C!O‘) .065513'
[CA(Aa?,)g o777+ #te. (8). Salts containing the (W0)' or (50,)* foms, such
as onz)‘(su‘)".am act as good dopants (7) e.g.

(CR), + 0.05x(80,)* (Sb7E)™ » [CH(SBEG), ocol, + 0.05xN0,

All these dopants are electron-attracting species and may bde cousidered as “p-
type” dopants.

¥ost of the physical studies ou doped (CH)_ films have been carried out
using Iz ov ur, as_dopants. Raman studies shova that the iodines is pre—
sent as”the I, fon (9,10). This implies that the (CH)_ chain must
therefore exist as’a polycarbonium fon. The usture of the ASY, species ts
still somevhat uncertain. Elemencal snalyses (Table 2) (6,11)bave given dif-
ferent tasults, possidly because of slight differences in doping procedurs or
purity of the AsF,, vhich frequently contains HF. If the dopant spacies con~
tains arseanic ud,ug’ti.n in the ratio of 1:5, then it say be present as tha
diamagnetic (uzr °) 10m(12). If it tains the el {n the catio of
1:6, then it is p}umbly present as the (AsF.) 1ou. Photoelectron spactro-
scopy (12) shows tha principal species has the empirical foraula ll!', vheress
I-ray absorption (13) aad I/R data (13) indicate the prasence of the' (hr‘)
ion. The latter fom could arise through one (or both) of the two possidle re—
actions below:

tascrery), ), + yar tal, are)]),

(@, + Saasty (@ nsrgz 1, + sty

Sleccron-donacing, 1.¢. "n-Cype" dopauts, may slso be introduced iaco
(ca), films (6,14) (Ses Table 1) sisply by ismersing the film in & TNF solu-
tion of e.g. sodium naphthalide, viz.

(cm), + 0.2na%a"wper" - Dl g (D)), + 0.20stpeh

The (ﬂl).ewn in these materials msy be cousidaved as a polycarboniwm foam.

Yhes pure polyscstylene is doped vith & dosor or an scceptor, the elec-
tricsl conductivity iscressas sharply ever maay orders of megnitude st low
esucentration, them saturates at higher dopaat levals, abeve apprexiastely 12

1%~
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: (6,24=19). The maximus conductivity we have reported {o dafe at room tempera- a
. ture for non~aligned cis-lCH(AsT), 10 1200 ohs ~ em ". Typical behave
for for the conductivity as a :..2:21.. 3 dopant concentration (y) is shows ia X
Tigure 2. These conductivity studies suggest a change in bebavior nesr 12 do~ &
pant concestration; a semiconductor to metal transitiom. :

.‘ — ¥ v v

OL foany) :
2 = ]
3 L}
3 s
.‘ s ]
3 w!
] * /
4 ot
% { o )
3 A
L
-~
0 008 Q0 QS 020 0
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Yigure 2: Electrical conductivity (room temparsture) B
a8 & fusction of dopant concentratioa.
-
70 verify the existence of the samiconductor-to-metal tramsitfon, far ia- 4
fraved transmission dats were taken (16) on ssmples of varying coancentrations
of fodine and As?, (vith qualitatively similar results). Ia tha case of the
62 sexgle, thers I3 no cbserveble tranemission throughout the I/R dowa te /’
20 e °. This is -consistent with metallic~type bghavior. Thermoelectric .
pover msasuremants (20) and counduction activatiocm energies (17) alse show the
seniconductor-nstal transitioa very clesrly. -~
(()) TEXTED FILMS: ANISOTROPIC BLECTX! 5 A
/’
ch (CH)_filme may be stretched te ¢a 3-4 tises thair origimsl
uuzg"-:u esvells partisl orteatation of the (CH)_ fibrils vhich resuits ia
8 lazge igcresse ia conductivity ia the direction 'allel to the stretch di-
zection and

s teduetion is conductivity {s the direction perpandiculgr b,
stretehing (18). TFor ensmple, conductivities in encess of 2000 oha * =

bave dean ebserved vith AsP -doped film (18). Optical studies using polsrized
umm-mamu»?.mum&mmu-m (a):

f1lwe (19).
{ (6) SDICNDICIOn PRYSICS OF (SN, PILG ] <
; A ssries of studies have been carried out Which clesrly demonstrate that
8 testifying p-a juncticns as well as Schottky darrier jumctiens caa resdily Ve

.‘”’ . .
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fabricated from (CW)_(14,21).1a sddiction, rvecent studies show thac a good pho-
tovoltaic effect may be cbserved, vien, for exsaple, parent (p-typs) (CR)_ fa
ia contact with & crystal of (n-cype) ZnS (21). Such systems may have nfu-
tial use in lowvecost tervestrisl solar energy productios. .

™ ewggsions’  f (LUSRATRD

> As can bes seea lné!’tgm Ludich coucatos a list of conductivities of
cowmon substsnces, (CH)]'is quite reusrksdle in that {ts conductivity cas be
readily vodified to spau sn extvaordinsrily largs renge. Consfdering possible
polyacetylens derivatives, veplacement of soze or sll of the hydrogen atoms 1a
(cH), with organic or inorgsnic groups, copolymerization of aceryleae with
othet acetylenas or olefiss, and the usq of diffevent dopants should lead to
the davelopmant of a large uwew class of conducting organic polymers vith elec~
trical properties that can bs controlled over che full rsnge froa flusulacor

to semiconductor to metal, R

Tigyre 3t List of conductivitias of common substances

(9)  ANOMIDCRANTS
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TABLE I .
3 . , Dopus FoR (o), -
: . Conductivi -
| {oha 3 =) E)
3 25°c)
eta-(cl) 1.7 z107?
: ! trans-~(CH), bl x 10°%
s i A. p-type {electrop-attracting dopants)
v | i trans-[CACIRN)G o) 72107 . -7
i "0.04"x -
Y f tﬂﬂl‘[ﬂﬂo 02]1 . 1% 10
] . -] s
trane-{CiBr 1 . $x10
: i 0.05'x =Y
; . trans-[CHBr, ] 4x10
’ . 0.23'x
b eds-{CH(ICL), ,,] s x 10t
" 0.14%x 2
eu-lﬁlo.”l: ] 5.5 x 10
. trase-[CHT, o), T 3.0%x m:
| o traas-~{CBI 3 1.6z 0
0.20'x 7
m-(a(nr)o.u]: 4.0 x 10
i trans~{CA(AST g oa) 7210
9 H 570.03'x
trans~{CR(ASP), 1ol 4.0 x 10
$70.10"s L]
s 4 eto-(ﬂ(u!,)o.m)’ 1.2210
i (CONTTNUED ON NEXT m;ln
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TABLE X (CONTINUED)

eds=[CH(H,30,)g 106 ™% 070'x .2 x 1":
cla~[QUECION G 177 (By0)g 2971, 1.2 x 10
“"“’(""s’o.oso’x 4.0 x 10
et3-[CH(C10,) aeus)x 8.7 x 10°
C‘”[wm")o.o77]x 2.0 x 102
8. n-type (electron-donating dopants)
eta~[Liy_s(ED], 2.0 x 102
efs-l¥ag 51 (0L, 3
ets-{Ky, 15(O], 50
_tun.l-[x-o .”(an ]‘ 80
."ds" or "trans™ rafers to the principal
1somaric composition before doping
T 11
ARALYSES OF MP’-W?B ‘CIQ LS
- 1 W ¥ "R § ot
Calc. for
(CR(As¥ ) g 41, 37.64 3.17 23.48 35.71 100.00
Cale. for
[al-’.(“r‘)o.l’x 37.53 3.46 23.40 35.61 100.00
Yound 37.67 3.69 23.73 35.81 100.90
Cale. for
(ﬂ(m’)o.ml: 40.13 3.0 24.80 3l.44 100.00
Pound 39.86 3.73 24.69 31.48 9.78
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