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ABSTRACT

A procedure for synthesising films of polyacetylene has been
described in detail. Photographic evidence for the open fibrillar
structure of the material is presented.

4e 0
RESUME

La procedure de synthase des films de polyacgtyl~ine est d~crite
en d~tail, L'6vidence photographique prisent~e montre la structure ouverte
et fibrilleuse du polymZ-re.
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INTRODUCTION

--iolyacetylene (CH)r, is a simple organic polymer with a linear
conjugted (unsaturated) structure. It can exist in two forms, cis and
trans.. which are shown in Fig. 1. 'CCH) is almost entirely cis when
synthesised at 77 K, the cis-trans ratio decreasing when the temperature is
raised until isomerization to trans-(CH) is complete at about 150C. The
polymer can be produced as a thin film or a flocculent precipitate and
consists of randomly oriented fibrils about 200*-in diameter.

Pristine (CH)" is an insulator, but when chemically doped, its
conductivity approaches that of the metals. It has been proposed as a
component in Schottky diodes and solar qells and it has potential as the
cathode in polymer-electrode batteries.- Films of (CH)Mdoped with Lit
C10 $"and CF"S 7jhave been used as the anode and cathoge in
electrochemical cells employing a poly(ethylene oxide)-complex electrolyte
and also in non-aqueous liquid electrolyte cellsl.-

Flocculent (CH) is produced by bubbling acetylene gas through a
catalyst solution, but as films were required for the battery studies
associated with this work, a variation of the Shirakawa process &was
employed. In this method, purified acetylene is admitted into an evacuated
reaction vessel containing dissolved catalysts at low temperature. The
films formed are removed in a controlled atmosphere box. The details of
this method are described in this report

PROCEDURE

Equipment

A gas handling system, reaction vessel assembly, mechanical pump
and cold trap similar to those shown in Fig. 2 and Fig. 3 are required. In
addition, an argon-filled glove-box with continuous gas purification,
such as Vacuum Atmospheres or equivalent, is needed in which to handle the
final product. The atmosphere inside the box must have water vapour and
oxygen concentrations of I vpm [i.e., no fuming from TiCI 4 or (C2H5)2Zn;
exposed filament burns for 24 h; freshly cut sodium remains bright for 10
rin.].
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Cleaning the Reaction Vessel

The vessel is washed with hot soapy water and any adherent
material remaining from a previous polymerization is removed mechanically.

The vessel is then rinsed with distilled water and filled with a
concentrated solution of 10% HNO 3 - 90% H 2SO 4 for an overnight soaking. It
is then rinsed once with distilled water, three times with acetone from a
glass bottle (not plastic) and three times with trichloroethane from a
glass bottle.

The side flask is cleaned with dilute HNO 3, distilled water and
acetone. During the cleaning operations, the Rotoflo stopcock is removed.

Materials

The catalyst consists of triethyl aluminum (Aldrich), 25 w/o in
toluene, which is used as received, and tetrabutoxy-titanium (Fluka) which
is distilled at 140C and 0.5 Torr. The distillate has a pale yellow or
straw colour.

Toluene is distilled under nitrogen and hexane is used as
received. Both are stored over 4 A molecular sieves and sodium chips.

The acetylene is dried as used by passing it through columns of
CaCl 2 and P 20,; a dry-ice trap removes residual acetone which is sometimes
present in cylinders of acetylene. The gas is metered by a needle valve in

the line and the cylinder is protected by a flash arrester.

The acetylene is purified on the day before it is polymerized.

A spare reaction vessel is attached to the line below the bellow
(refer to Fig. 3) and, with valves B,C,D,E and F open, the vacuum line is

evacuated for about two hours. E is then closed and the line is considered
to be leak-free if there is no noticeable change in mercury levels after
one hour.

During the last twenty minutes of this hour, the acetylene line

is purged with nitrogen from the cylinder (about one bubble/sec) while
valve H is closed.

When the vacuum line is considered to be tight, the nitrogen
purge is replaced by acetylene. After 20 minutes of purging, valve H is

cracked open slightly so that the system to the left of the manometer
slowly fills to one atmosphere pressure (about 5 min). (Valves E and I
closed, B,C and D open.) Valve H is then closed and E opened to
re-evacuate the line. The discarded acetylene is collected in the cold
trap. During this time, acetylene continues to flow through the
purification line and vents, through the bubbler, into the fume hood.

t (min) 0 1 2 4 6 7
C 2H 2 (torr) 0 10 27 47 59 67

, r i11
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After 7 min., E is opened to evacuate the reaction vessel. A few
minutes later, D is closed and the dry ice is removed.

Following the acetylene purge of the system, acetylene is
re-admitted slowly to one atm. as before with E closed and H slightly open.
The valve H is then closed and the purification line flushed with nitrogen.
At this point, the stopcocks B,C,D and F are open and E,G,H and I are
closed.

A dewar of liquid nitrogen is placed around the reaction vessel
freezing out the acetylene which is degassed under dynamic vacuum for an
hour (E open). Stopcock E is then closed and the dewar is removed to allow
the solid acetylene to evaporate. While the vessel is still cold and with
the acetylene in a fully gaseous state, B is closed isolating the acetylene
for later use. E is opened to evacuate the line, then C and D are closed,
the reaction vessel is removed and placed in the glove box.

The line is kept under static vacum overnight with E closed for
leak detection.

Preparation of the Catalyst

The catalyst solution is prepared in the glove box on the day of
the polymerization.

Quantities: Ti(OBu)4 1.2 ml
Et3A1 solution 5.5 ml
Toluene 12.0 ml

The Ti(OBu)4 and toluene are poured into the reaction vessel and
the Et3Al is added 1 ml at a time over a period of about one minute. The
solution turns green at first and then dark brown as the bulk of the Et3Al
is added. The solutions are mixed by swirling the vessel several times.
Bubbling occurs and a slight positive pressure is generated. The reaction
vessel is transferred out of the glove box and attached to the vacuum line
and C is opened to evacuate the dead space above it.

The solution is outgassed by opening D momentarily every few
minutes over a period of 30 minutes. A puff of smoke at first appears in
the vessel at each opening of the stopcock but ceases after ten minutes.
At this point, the solution is briefly swirled between each opening of the
stopcock causing bubbles to appear. After 30 minutes a dewar of dry ice
and acetene is applied to the reaction vessel and D is opened for ten
minutes. No bubbling occurs, even under dynamic vacuum, when the solution
is swirled at dry ice temperature.

Polymerization

Following the degassing of the catalyst, stopcocks D and E are
closed and B is opened to allow the acetylene into the line from the
reservoir.

N 
Ne.
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The polymerization takes place when the acetylene gas comes into
contact with the catalyst. To increase the yield of polymer film, the
catalyst solution is splashed onto the inner walls of the reaction vessel
by shaking it carefully after removing the dewar temporarily. The dewar is
replaced and, after waiting to allow the vessel to obtain dry ice
temperature, acetylene is admitted by opening valve D.

The typical consumption of acetylene gas with time, in the
equipment described, to produce a strong film is as follows:

t (min) 0 1 2 4 6 7
C2H2 (torr) 0 10 27 47 59 67

After 7 min., E is opened to evacuate the reaction vessel. A few

minutes later, D is closed and the dry ice is removed.

Removal of the Catalyst

Since the purification of the acetylene, nitrogen has been
flowing in the purification line. It is now allowed to enter the vacuum
line and reaction vessel by closing E and opening H slightly then D. The
pressure rises to 1 atm in a few minutes and H is opened fully to permit
pressure equalization during the extraction of the catalyst. Excell
nitrogen passes through the bubbler to the fume hood.

The catalyst solution is withdrawn through P by means of a
long-needle syringe which was previously filled and emptied three times
with nitrogen. The used catalyst is discarded.

The punctured septum on P is closed by clamping a new septum,
with a greased flat surface on it.

Valve H is then closed and E opened to re-evacuate the reaction

vessel.

Washing the Polyacetylene Film

The film is washed with hexane from the side flask. Valve D is
closed and I opened momentarily to allow the transfer of hexane vapour and
argon into the reaction vessel. Then D is opened briefly to re-evacuate
the vessel. This washing procedure is repeated three times.

Finally C and D are closed and I left open; the reaction vessel
is removed from the line and placed in a dry ice-acetene bath. The hexane
in the side flask is swirled and it distills over. The reaction vessel is
removeed from the dewar and allowed to come to room temperature while the
film soaks in hexane. The hexane is poured back into the side flask and
the washing is repeated five times. The film is allowed to soak overnight.
If the hexane is still clear the next day, it is transferred to the side
flask and I is closed, otherwise, the film is washed again until the
solvent is clear.

The reaction vessel is re-attached to the line and evacuated for
'h to eliminate the last traces of hexane. It is then transferred to the
glove box where it is opened and any film still adhering to the walls is
pried off with a bent glass rod.

O l7 I'll.V
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The reaction vessel containing the now loose film is taken from
the glove box, attached to the vacuum line and re-evacuated. It is removed
from the line and the film is washed several times by distilling hexane
from the side flask as before.

Finally the film is removed from the reaction vessel in the glove
box.



RESULTS

The (CH)x filw which formed on the surface of the catalyst and

the wetted walls of the reaction vessel could be removed in one piece. The
side of the dark brown (CH)x which was in contact with the glass walls wab

shiny with a golden sheen; the opposite side was dull. The thickness

varied slightly along the 10 cm length of the cylinder of (CH), from 0.02

to 0.06 mm and the average density was 0.21 g/cm 2 . This figure compares

well with the published value 3 of 0.25 g/cm 3 .

An SEM photograph of the dull side of the film is shown in
Fig. 4. It can be seen that the structure is open and distinctly fibrillar
with a fibril diameter of -0.02 w. The smooth side was firmly packed with

little open structure.

REFERENCES

1. S.Etamad et al., Ann. Rev. Phys. Chem. 33,443(1982).

2. A.W. Johnson, DREO Report in preparation.

3. M. Maxfield et al., J. Electrochem. Soc. 132,838(1985).

4. H. Shirakawa and S. Ikeda, Polymer J. 2,23(1971)

5. T. Ito, H. Shirakawa and S. Ikeda, J. Polymer Science 12,11(1974).



H H H H HH

C~ c C C c

H H H H

cis

H H H HH

I I I I

H H H H

TRANS

FIG. I THE STRUCTURE OF cis and trans Polyacetylene

-i i 11 ,1'1



c-

0

Iw

w-aL

> w<I-.

U,
-j

Z QL 0

0 U.) U
a: >WCM

zH

oo

ng paV~'&%~



z0

oz
-j

ozz

0

2 E-4

WL DO. CL'U
oiO0D 2'

1-4

z

z w
0

'u 0

00
U.U

zz

00

0-~-

130 E



FIG. 4 SEM PHOTOGRAPH OF (CH~x



UNCLASSIFIED-
Security Claselffleatin

DOCUMENT CONTROL DATA -R & D
(5,r'r rtily clasiecatin of title. Irudy of alistiaict arid indeiriq annotation must be entered when the overall uioctiment is claisw

1 014IGINArING ACTIVITY 2a. DOCUMENT SECURITY CLASSIFICATION

Defence Research Establishment Ottawa - Uclassified~
Dept. of National Defence ?b. GROUP

3. DOCUMENT TTLC -.. ______ -.--.-

The Preparation cf Polyacetylene

4. DESCRIPTIVE NOTES (Type of report and Inclusive dates)

5 AUTHOR(S) (Last name, first name. middte initial)

A.W. Johnson and A.W. Underdown

6 DOCUMENT DATE 7a. TOTAL NO. OF PAGES~j NO. OF REFS

Ha. PROJECT OR GRANT NO. ga. ORIGINATOR'S DOCUMENT NUMBER(S)

25A10 DREO TN

8b. CONTRACT NO. Sts. OTHER DOCUMENT NO.(SI (Any othser numbers tite may be
essigned this dacwnrft(

10. DISTRIBUTION STATEMENT

Unlimited dis tribut ion

11. SUPPLEMENTARY NOTES 112. SPONSORING ACTIVITY

____ ______ j Defence Research Establishment Ottawi

13. AB3STRACT

A procedure for synthesising films of polyacetylene has been
described in detail. Photographic evidence for the open fibrillar
structure of the material is presented.



UNCLASSIFIED

Security Classification

KEY WORDS

Polyacetylene

INSTRUCTIONS

I ORIGINAT INci ACTIVITY Enter the name and address of the 9b. OTHER DOCUMENT NUMBERIS): If the document has been
orgonosation oweting the document, assigned any other document numbers (either by the originator

or by the sponsor). also enter this number(s).
2. DOCUMENT SECURITY CLASSIFICATION: Enter the overall

security c assificatmon of the document including special warning 10. DISTRIBUTION STATEMENT: Enter any limitations on
terms whenever applcable. further dissemination of the document, other than those imposed

by security classification, using standard statements such as:
2b. GROUP Enter security reclassification group number. The three

grnupt ate defined in Appendix V of the DRE Security Regulations. (1) "Qualified requesters may obtain copies of this
document from their defence documentation center."

3 DOCUMENT TITLE Enter the complete document title in all
capital letters. Titles in all cases should be unclassified. If a (2) "Announcement and dissemination of this document
sufficientlv descriptive title cannot be selected without classifi- is not authorized without prior approval from
cation. show title claesification with the usual one-capital-letter originating activity."
.btrevialan in parentheses immediately following the title.

If. SUPPLEMENTARY NOTES: Use for additional explanatory
4. DESCRIPTIVE NOTES: Enter the category of document, e.g. notes.

technical report. technical note or techncal letter. If appropr.-
ate, enter the type of document, e.g. interim, progress, 12. SPONSORING ACTIVITY: Enter the name of the departmental
summary, annual or final. Give the inclusive dates when a project office or laboratory sponsoring the reaearch and
specfc reporting perind is covered, development. Include address.

5. AUTHOR(SI: Enter the nampes) of authorls) as shown on or 13. ABSTRACT: Enter an abstract giving a brief and factual
in the document. Enter last name. first name, middle initial, summary of the document, even though it may also appear
If military, show rank. The name of the principal author is an elsewhere in the body of the document itself. It is highly
absolute minimum requirement. desirable that the abstract of classified documents be unclassi-

fied. Each paragraph of the abstract shall end with an
6. DOCUMENT DATE: Enter the date (month. year) of indication of the security classification of the information

Establishment approval for publication of the document. in the paragraph (unless the document itself is unclassified)
represented as (TS). (S), (C), (RI. or (U).

Ts. TOTAL NUMBER OF PAGES: The total page count should
follow normal pagination procedures. i.e., enter the number The length of the abstract should be limited to 20 single-spaced
of pages containing information, standard typewritten lines; 7% inches long.

Tb. NUMBER OF REFERENCES: Enie, the iotal number of 14. KEY WORDS: Key words are technically meaningful terms or
ref erences cited in the' docment, short phrases that characterize a document and could be helpful

in cataloging the document. Key words should be selected so
lie PROJECT OR GRANT NUMBFR If 'pprupr.,ae, enter the that no security classification is required. Identifiers, such as

-ppli:oihli irsearch aril divelopmeni prnlet or grant number equipment model desilnation, trade name, military protect code
iinili'r whsi:h the ilociili*itt was written, name. ge omphic location. may he used as key words but will

lie followed by an indication af technical context.
Il i CONTRACT NUMBER If ,ppooprfiae. enter Ih, applicaile

ouiliet iiider which the incurentis was wttten. S

§.i. ORIGINATOR'S DOCUMENT NUMBER(S) Enter the
official document numbher by which the dKument will lie
identifited and controlled by the oriqignating activity. Ihis
number must be unique to this doctoment.



/


