AD-A273 673 t @
e

OFFICE OF NAVAL RESEARCH
Contract N00014-82K-0612
R&T CODE: 4133032
TECHNICAL REPORT NO. 88

Template Synthesis of Electronically Conductive Polymers
by

C. R. Martin, R. Parthasarathy and V. Menon

DTIC

ELECTE Prepared for publication
DEC14 1993 ,} i

1 :
A S Electrochimica Acta

Department of Chemistry
Colorado State TTniversity
Ft. Collins, CO 80523

December 1, 1993

Reproduction in whole or part is permitted for
any purpose of the United States Government

This document has been approved for public release
and sale; its distribution is unlimited

9,3('3?'1..?“?
93 12 13 036 IEVEIARICE
—



.{‘EI’UKI DULUMENTATION PAGE | o-Mg N.;”o;o.‘:oyn )

it iea ot v ot o {ne Bt aF b o éﬁ%ﬁ.:%%ﬂ;ﬁ;%;&:&ﬁ'ﬁg:ﬁﬁ ; :‘;‘..‘ﬁﬁ:\
e 30A Areagtom. T8, 129014701, 4nd 10 the Wﬁ”»"?aﬁ%?&'«'ﬁ‘&&?&%‘;a Reduc.on Prorect (01049 184) Wasnington. DC 10303
' TAGENCY USE ONLY (Leave biank] | 2. REPORT DATE 7. REPORT TYPE ANO DATES COVERED
) Dec. 1, 1993 Interim _ B o
e, TITLE AND SUBTITLE S. FUNDING NUMBERS
Template Synthesig of Electronically Conductive Polymers Contract

{## NO0014~82K-0612

6. AUTHOR(S)
C. R, Martin, R. Parthasarathy and V. Menon

R ' 8. PERFORMING ORGANIZATION
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) REPORT NUMBER

Dr. Charles R. Martin

Devartment of Chemistry

Colorado State University ONR TECHNICAL REPORT #88
Fort Collins, CO 80523

RESS(ES 10. SPONSORING / MONITGORING
V. SPONSORING/ MONITORING AGENCY NAME(S) ANO ADDRESS(ES) AGENCY REPORT NUMBER

0ffice of Naval Research
800 North Quincy Street
Arlington, VA 22217

11. SUPPLCMENTARY NOTES

12a. DISTRIBUTION : AVAILABILITY STATEMENT 12b. DISTRIBUTION CODE

Reproduction in whole or part is permitted for any purpos
of the United States Covernment. This document has been
approved for public release and sale; its distribution is
unlimited.

13. ABSTRACT (Maximum 200 words)
We have recently developed a method for synthesizing micro and nanoscopic fibers and
tubules of electronically conductive polymers. This method entalls synthesis of the
polymer within the pores of a microporous host membrane. Conductivities in the
narrowest of these "template-synthesized" tubules and fibers can be significantly
higher than in conventional forms (e.g. powders or thin films) of the analogous
prolymer. These previous conductivity data were based on a 2-pcint measurement of
the resistance of the host membrane after synthesis of the conductive polymer fibers
within this membrane. In this paper we will show results of conductivity measure-
ments on thin films composed of the template-synthesized tubules and fibers. A
4-point conductivity measurement was used on these thin filws. These 4-point mea-
surements corroborate the earlier 2-point conductivity data and, again, show that
the template-synthesized materials are significantlv more conductive.

14, SUBIECT TERMS Ts- NUMBER OF PAGES
Conductive polymers, nanostructures, nanomaterials ——
TTSECURTTY CLASSIFICATION 78, SECURITY CLASSIFICATION ] 18, SECURITY CLASSIFICATION | 20. LIMITATION OF ABSTRALT
OF REPORT OF THIS PAGE 0% L3STRACT
UNCLASSIFIED
SN 7820.0°-280-5500 Standaro Form 298 (Rev 2-89)

Praqcrioeg by ANSE St 2)9-18
98302




TEMPLATE SYNTHESIS OF ELECTRONICALLY CONDUCTIVE POLYMERS

C.R. MARTIN, R. PARTHASARATHY, and V. MENON
Department of Chemistry, Coiorado State University, Fort Collins, CO 80523

Accesion For \
NTIS CRA& \h
OTIC  7A% i

Unenncui.oul
Justif:caben
By .

Dist ibation
e et
- [

Availability Codes

i A\Jar;:‘;‘: P or
Dist

Special

Al | |

DTIC QUALITY INSPECTED 8




ABSTRACT

We have recently developed a method for synthesizing micro and nanoscopic
fibers and tubules of electronically conductive polymers. This method entalls synthesis of the
polymer within the pores of a microporous host membrane. Conductivities in the narrowest of
these "tempiate-synthesized" tubules and fibers can be significantly higher than in
conventional forms (e.g. powders or thin films) of the analogous polymer. These previous
conductivity data were based on a two-point measurement of the resistance of the host
membrane after synthesis of the conductive polymer fibers within this membrane. In this
paper we will show results oi conductivity measurements on thin films composed of the
template-synthesized tubules and fibers. A four-point conductivity measurement was used
on these thin films. These four-point measurements corroborate the earlier two-point

conductivity data and, again, show that the template-synthesized materials are significantly

~.more conductive.




INTRODUCTION

We have been exploring the idea of using the pores in microporous
membranes as templates for the synthesis of micro and nanomaterials. (1-13)
The membranes employed have linear, cylindrical pores of equivalent diameter.
Electron micrographs of the surfaces of two such membranes are shown in
Figure 1. Membranes of this type are sold commercially and are used as filters.
Rather than viewing these membranes as filters, we view the pores in such
membranes as micro “beakers," and we synthesize materials (e.g. polymers,
metals, or semiconductors) within these tiny beaker. Because of the cylindrical
pore geometry (see Figure 1), synthesis of a material within the pore yields a
micro or nanocylinders of the materiai. (The distinction between "micro” and
“nano" is ambiguous. We define a nanocylinder as dylinder with a diameter of
100 nm (1,000 A) or less.) Figure 2 shows electron micrographs of various
micro and nanocylinders prepared via this approach. Note that both solid and
hollow cylindrical structures can be prepared.

We call this approach for obtaining micro and nanomaterials “template
synthesis" because the pores in the membrane are used as templates. it is a'
general synthetic method; ve have used this approach to prepare micro and
nano polymers (1-8), metals (1, 9-12), and semiconductors (13). In the metals
area, we are interested in making micro and nano electrcdes and we are
interested in the optical properties of naﬁometals. In the semiconductor area
we are attempting to see if the template synthesis method can be used to
prepare monodisperse quantum wires (13).

Finally, we are especially interested in electronically conductive polymer
nanofibers and nanotubules synthesized via the termplate method (1-8). Such
conductive polymer fibers and tubules are the subject of this paper. We have

shown that template-synthesized electronically conductive poiymer nanofibers




¢an have electronic conductivities that are orders of magnitudes higher than
conventional forms (e.g. powders or thin films) of the same polymer (5-8). We
have observed such enhancem.ents in conductivity from template-synthesized
polypyrrole (5,6), poly(3-methyl thiophene) (5), polyacetylene (7), and
polyaniline (8). This enhancement in conductivity resuits from enhancements in
molecular and supermolecular order in the template-synthesized material,
relative to a more conventional form of the same material (6).

Our previous conductivity data for the template-synthesized conductive
polymers were based on two-point measurerments of the resistance of the host
membrane after synthesis of the electronically conductive polymer fibers within
this membrane (5-7). Four-point conductivity measurements are always
preferable to two-point measurements. Furthermore, the two-point method used
previously required that the pore density and pore size in the host membrane
be accurately known. We have recently developed a method for forming thin
films of template-synthesized conductive polymer tubules and fibers and we
have conducted four-point conductivity measurements on these thin films.
These more reliable four-point measurements corroborate the earlier two-point
conductivity data. That, is the four-point conductivity measurements also show
that the tempiate-synthesized polymers are significantly more conductive.
EXPERIMENTAL

Nuclepore polycarbonate filters were used as the host membranes
(Figure 1A, 1-8). These membranes have cylindrical pores with highly-
monodisperse diameters. Membranes with pore diameters ranging from 100
nm to 40C nm were used in these investigations. In our previous investigations,
tubule and fibril polymerizations were carried out by allowing the membrane to
separate an aqueous solution of the monomer from an aqueous solution of a

chemical oxidizing agent. We have since developed an easier method for




conducting these template syntheses. In this method, the host membrane is
simply immersed into a solution containing both the monomer and the oxidizing
agent. This method is based on the work of Kuhn et al. (13). Conductive
polymer tubules are obtained within the host membrane.

We will present conductivity data for polyaniline tubules synthesized
within these membranes. The monomer solution was 0.325 M in aniline and 1
M in HCI. The oxidant solution was 0.125 M in sodium vanadate, 1 M in HCI,
and 0.5 M in p-toiuenesulfonate. The template membrane was immersed in the
monomer solution and an equal volume of the oxidant solution was added.
Polymerization was allowed to proceed for two hours. We have shown that the
conductive polymer preferentially nucleates and grows on the pore walls (5-8).
As a result of this surface-growth, conductive polymer tubules are obtained.
After polymerization, the polyaniline surface layers were removed by polishing
the faces of the membrane with alumina powder, and the tubule-impregnated
membrane was rinsed with 1 M HCI.

The procedure outlined in Figure 3 was used to prepare thin films from
the template-synthesized polyaniline tubules. The tubule-containing
polycarbonate membrane was placed onto the surface of a microporous
alumina filtration membrane (Anopore (7,9)) and these membranes were
placed in a vacuum filtration apparatus. Chloroform was then applied to the
surface of the polycarbonate membrane. Because a vacuum is applied to the
lower surtace of the alumina filtration membrane, the CHCI3 is filtered through
the membranes. Polycarbonate is, however, soluble in CHCI3. As a result, the
polycarbonate template membrane is dissolved and the polyaniline tubules are
deposited onto the surface of the alumina filtration membrane.

This treatment with chloroform was followed by an identical treatment

with methylene chloride, which is a better solvent for the polycarbonate




membrane. This subsequent CH2Cl2 traatment insures that all of the
polycarbonate has been dissolved. After filtering the methylene chloride
through the membrane, a second tubule-containing polycarbonate membrane
is then applied and the process is repeated (Figure 3). This process can be
repaated as many times as desired, so films of any desired thickness can be
obtained. The final step is to compact the polyaniline tubules in a peliet press at
a pressure of 6x104 psi.
RESULTS AND DISCUSSION

An electron micrograph of a typical thin film compased of template-
synthesized polyaniline tubules is shown in Figure 4A. The tubular structure can
not be seen in this cross-sectional image. This means that the tubules were
crushed under the high pressures used to compact the film. We have obtained
analogous thin films from polypyrrole tubules; (Figure 4B); however, for this
polymer, the tubule structure is retained in the compacted thin film. This
indicates that polypyrrole has better mechanical properties than polyaniline.

Conductivity data obtained from thin films prepared from polyaniline
tubules of various diameters are shown in Table 1. There are several
interesting points to note from Table 1. First, in agreement with our 2-point
conductivity data reported previously (5-7), the conductivities obtained on these
thin films, prepared from template-synthesized tubules, increase as the
diameter of the tubule used to prepare the thin film decreases. We have shown
that this increase in conductivity occurs because the smallest-diameter tubules
have highly-ordered polymer chains (6). Second, note that the conauctivities
obtained for the film propared from the smallest-diameter tubules is higher than

the conductivity of bulk samples of polyaniline. Bulk samples of polyaniline

prepared under the same conditions gave conductivities of 9 S cm-1.




CONCLUSIONS

We have shown that template-synthesized polyaniline tubules can be
processed into highly-conductive thin fiims. We have processed template-
synthesized polyaniline and polypyrrole tubules into thin films of this type. We
have also shown that a more reliable four-point conductivity measurement
confirms our early two-point measurements which showed that these
nanoscopic template-synthesized fibers and tubules have enhanced electronic
conductivities.

Finally, we have previously shown that these enhancements in electronic
conductivity results from enhancements in molecular and supermolecular order
in the template-synthesized conductive polymers (6). In particular, we have
used polarized infrared absorption spectroscopy to show that the polymer
chains in the narrowest template synthesized materials are oriented (6). An
obvious question arises from this work - what causes this orientation? The
answer to this question can be seen in the electron micrograph in Figure 1A. A
portion of the pore wall is visible in one of the pores in the upper right-hand
corner of this electron micrograph. Striations are present on the pore wall.
These striations arise because the membrane : : ctch-onented during
processing. Hence, the polycarbonate chains along the pore walls in these
membranes are oriented.

As noted above, when conductive polymers are synthesized within the
pores of these membranes, the polymer preferentially nucleates and grows on
the pore walls. Because the polycarbonate chains along the pore wall are
oriented, the conductive polymer chains grown on these walls are also oriented.
Qualitative evidence for this orientation can be seen as striations on the outer

walls in high-magnification images of the template-synthesized materials

(Figure 5). Again, quantitative evidence for this orientation was described in our




previous investigation (6). Hence, the term “template synthesis" has two
meanings. First, the pores act as templates that determine the shape and size
of the conductive polymer particle produced. Second, the chain orientation
present in the host membrane acts as a template to produce analogous

orientation in the polymer synthesized within the pore.
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JABLE1

Four-point conductivity data from polyaniline films prepared from
template-synthesized tubules of various diameters.

Diameter of Tubules Used Conductivity
to Prepare the Film (nm) (S cm'1)
100 50
200 17
400 14




Eigure 1. Electron micrographs of the surfaces of two types of template
membranes. A. Microporous track-etched polycarbonate membrane (obtained
from the Nuclepore Corporations). B. Microporous electrochemically-
synthesized alumina membrane (prepared in house).

Eigure 2. Electron micrographs of various template-synthesized micro and
nanostructures. A. Polypyrrole nanofiber. An array of Pt microcylinders.
C. Two polypyrrole microtubules. D. An array of Au microtubules.
Eigure 3. Schematic diagram of procedure used to prepare thin films from
template-synthesized fibers and tubules.

Figure 4A. Scanning electron micrograph of a cross-section of a thin film
prepared form 100 nm-diameter polyaniline tubules.

Figure 4B. Scanning electron micrograph of a cross-section of a thin fim
prepared from 50 nm-diameter polypyrrole tubules.

Figure §. High resolution scanning electron micrograph showing striations on

the surfaces of template-synthesized polypyrrole tubules.
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