
AD-A27 4 405

OFFICE OF NAVAL RESEARCH
Grant No. N00014-91-J-1655

R&T Code 4132058---02

TECHICALEREIOTN. 22

LB-Deposited, Side-Chain Substituted Polyaniline, Polypyrrole and
the Corresponding Monomers, Studied by STM

by

P. Quint, T. Bailey, W. Sigmund and R.S. Duran

Center for Macromolecular Science and Engineering
Department of Chemistry

University of FloridaD TIC
Gainesville, FL ELEC

EECTE
and JAN 0 5 1994

M. Hara, H. Sasabe and W. Knoll* D
Frontier Research Program

The Institute of Physical and Chemical Research (RIKEN)
| • 2-1 Hirosawa

() Wako-shi, Saitama 351-01

Japan

*Max Planck Institut fuer Polymerforschung
Ackermannweg 10

D-55124 Mainz, Germany

Reproduction in whole or in 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.

1a Q O



Best
Available

Copy



I o~

REPORT DOCUMENTATION PAGE ova No oMS,.o,

•.. .,+ 1" + •',' '(4 .,', |le I dlV~J Jn d + I ' 'l" 1 %dt- f-"" 4-d",.611 P.DPI I a. i.P lltptuO '04 1 101040 I). *A qtoa 'I ( JOf 100)

1. AGENCY USE ONLY (LeJve bla~nk) 1 REPORT DATE .. REPORT TYPE All DATES COVERE

4. TITLE AND SUBTITLE //S. FUNDING NUMBERS

LB-Deposited, Side-Chain Substituted Polyaniline, Poly- Grant No. NO0014-91-J-
pyrrole and the Corresponding Monomers, Studied by STM. 1655

6. AUTHOR(S)

P. Quint, T. Bailey, W. Sigmund, R.S. Duran, M. Hara,

H. Sasabe, and W. Knoll
7. P(RFORfMNG ORGANIZATION NAME(S) AND AOORESS(ES| a. PERFORMING ORGANIZATION

R.S. Duran REPORT NUMBER
Department of Chemistry
University of Florida 22
Gainesville, Florida 32611

9. SPONSORING MONITORING AGENCY NAME(S) AND AODRESS(ES) ' JP 9MO,•NITORIfNGh
Dr. Kenneth J. Wynne CRA&;
Code 1113P0, Office of the Chief of Naval Research OTICTAB

800 North Quincy Street Unannounced

Arlington, VA 22217-5000 Ustnnouatedn

(703) 696-4409 Justification ......... .............. .

11. SUPPLEMENTARY NOTES

DistributionI

12S. DISTRIUUTION /AVAILASILITY STATEMENT 12_b. OI _ _O, __O__" __,

Avail and I or
Dist Special

D¶TYI QTALITy INSPECTED 5

13. ABSTRACT (Maimum 200words)

STM investigations were carried out on monolayers of two conducting polymers and

the corresponding monomers. 2-pentadecyl-aniline, poly-2-pentadecyl-aniline,

3-hexadecyl-pyrrole and poly-3-hexadecyl-pyrrole which were transferred from the

liquid/air interface on a MoS2 substrate by the Langmuir-Blodgett technique. The

polymers were polymerized at the liquid/air interface with ammonium persulfate

in the sub phase as the oxidizing agent. All compounds showed high orientational

and positional order on the substrate surface. Two different structures were

observable, rows and rod like structures. The distance between the rods were

found for all compounds -4.3A. The row distances were found to be different for

every substance. We think that the rods are the alkyl side chains and the rows

represent the polyner chain or molecular monomer aggregates.

1A. SUBSECT TERMS IS. NUMBER oP PAGIs

-4 PRIC CO Ma

17. SECURITY CLASSIFICATION 18. SECURITY CLASSIFICATION 19. SECURITY CLASSIFICATION 20L. MITATIOWOPF ABSTRACT

OF REPORT OF THIS PAGE OF ABSTRACT

Unclassified Unclassified Unclassified

NSN 7540-O1-260-O-00 St, ad. ,d F rm '298 (R 289



LB-DEPOSITED, SIDE-CHAIN SUBSTITUTED on a 0.IM sulfuric acid sub phase, the pyrrole on a Millipore
POLYANILINE, POLYPYRROLE AND THE water sub phase. both containing 0.03M Ammonium

CORRESPONDING MONOMERS, STUDIED BY persulfate as the oxidizing reagent. The polymerization
STM reactions were monitored by the barrier movement and said to

be finished when no further movement was observable.
P.Quintl, T.Baileyl, W.Sigmundl, M.Hara2 , Freshly cleaved MoS2 was used as the conductive substrate. For

W.Knoll 2 ,3 , H.Sasabe2 and R.S.Duranl the monomer samples, the substrate was dipped into the sub

phase before spreading; for the polymers, after the
IDepartment of Chemistry, University of Florida, Gainesville, polymerization reaction was finished. The dipping speed was I

FL 32611, U.S.A. mm/rmin in both cases. All samples were annealed above the
2Frontier Research Program, The Institute of Physical and individual melting point for at least 12 h. The STM system

Chemical Research (RIKEN), 2-1 Hirosawa, Wako-shi, Saitama used in this study was a commercially available NanoScope 11

351-01, JAPAN (Digital Instruments Inc., U.S.A.) with a platinum/iridium tip.
3Max Planck Institut fuer Polymerforschung, Ackermannweg The reproducibility of the preparations and the measurements

10, D-55124 Mainz, GERMANY was proofed by preparing at least 2 different samples of every
compound.

Introduction
Conductive polymers, such as polyaniline and Results and Discussion

polypyrrole are of great interest in the view of possible future 1.) 2-pentadecyl-aniline

applications. While the polymerization reaction and the Figure 1 shows at the right side a STM image of polv-2-

phenomena of conductivity of these two compounds and their pentadecyl-aniline and on the left side an image of the

derivatives are well investigatedl- 4 , there is relatively little corresponding monomer, both with the same scan size of 5

structural data available in the literature. nm. One can see that in both cases an ordered structure is

By using the LB-technique, it is possible to prepare ultra thin observable. All images show ordered rows which are covered

films of the polymers and the corresponding monomers on by an orientationally ordered periodic rod like sub structure.

solid suppori. The polymerization reaction can be performed at The distance determination with an image processing system

the water/air interface on an oxidative reagent containing sub shows for the polymer 7.9A between the rows and 4.3A

phase. In this case the LB-trough works like a 2-dimensional between the rods. For the monomer the distances were found

dilatometer, monitoring the progress of the reaction by as 6.$A and 4.3A respectively. We think that the rows

moving the barriers and holding a constant desired surface correspond to the polymer chains and the rods are established

pressure (n). After the monolayer is transferred onto a by the alkyl side chains, since the distance between the rods

molybdenum disulfide (MoS2) substrate by the Langmulr- agrees well with the known spacing of alkyl chains in the free

Blodgett technique, it should be possible to obtain structural rotator phase l. From the above data, the surface area of a

information of the molecules in the monolayer. repeating unit of the polymer was calculated as 33.5A2. This

Scanning Tunneling Microscopy (STM) is a well suited value is comparable to the mean molecular area at the
technique 5 -8 to investigate surface structures of such liquid/air-interface, which was determined from a x/area

conducting organic molecules. In this note we report the isotherm as about 32A2. Table I compares the measured

results about STM investigations of poly-2-pentadecyl-aniline, distance values and surface areas for all compounds described

poly-3-hexadecyl-pyrrole and the corresponding monomers. in this note.

The monolayers on the substrate were subsequently annealed For the monomer, the surface area of one repeating unit on the

after the LB-transfer. We did not try to control lateral packing substrate was calculated as 29.3A2 compared to 45A2 from the

in the transferred films by the LB-technique. x/area isotherm at the transfer pressure. Therefore the
occupied area at the MoS2-surface is 15A2 less than at the

Experimental liquid/air-interface. This finding can be interpreted by

2-pentadecyl-aniline and 3-hexadecyl-pyrrole were considering the level of hydration of the aniline amine groups

iynthesized by published methods9 ,10 . Spreading solutions at the water surface and at the substrate. The molecules on the

.vere made in Chloroform (99% Naclai-Tesque, Japan) Sub solid surface are dehydrated and therefore they can arrange

,hase solutions were prepared with Millipore water and ACS with a higher packing density than on the water surface.

-eagent grade chemicals (Aldrich and Naclai). All The above data for the polymer is consistent with a model of

)olymerization reactions and LB-transfers were performed at the backbone conformation in which the benzene rings are

.5C with a KSV LB5000 Langmuir trough, using a Wilhelmy lying flat on the substrate with the alkyl side chains pointing

,late to detect the surface pressure. Aniline was polymerized away from the substrate, covering the backbone. The monomer



data would fit to a model in which the benzene rings are Figure 2: STM images of 3-hexadecyl-pyrrole
standing perpendicular at the surface, connected to it via the left side: Monomer, scan size 10nm, constant current mode.Tip bias voltage: 1320 mV setpoint current 0.31 nA

amine groups and aggregated along an imaginary line through right side: Polymer, scan size 10nm, constant current mode

the centers of the benzene rings. The alkyl side chains should Tip bias voltage: -1400 mV setpoint current- 0.20 nA
be tilted and interdi with adjacent rows. rod dist. row dist. mMa sol. mMa

I [A] [A) [A21 l~igu. A2 ]
P2PAN 4.26±-0.07 7.80-0.04 33.5 322PAN 4.32.+0.11 6.83±0-024 29.5 45

P3HPY 4.2±0.4 6.2±0.4 26 27.4
3HPY 4.0±0.5 15±1.5 - - 24.8

Table 1: Distances between observable rows and rods, as well
as calculated (solid/air-interface) and measured (liquid/air-
interface) mean molecular areas of repeating units, for polv-
2-pentadecyl-aniline (P2PAN), 2-pentadecyl-aniline (2P.AN),

poly-3-hexadecyl-pyrrole (P3HPY) and 3-hexadecyl-pyrrole| (3HPY).
igeP:ec -anclusinnleft side: Monomer, scan size 5nm, upstroke, constant current Conclusions

mode. Tip bias voltage: 1848 mV setpoint current- 0.11 nA The monolayers of poly-2-pentadecvl-aniline, poly-3-
right side: Polymer, scan size 5nm, downstroke const. current hexadecyl-pyrrole and the corresponding monomers show,
mode. Tip bias voltage: 1998 mV setpoint current: 0.31 nA after LB-transfer and annealing, high orientational and2.) 3-hexadecys-pyrrole positional order. The polymers show nearly the same meanmolecular area per repeating unit at the liquid/air-interface
Figure 2 shows the STM images of poly-3-hexadecyl-pyrrole and on solid support, the monomers require less area on the
(right) and 3-hexadecyl-pyrrole monomer (left), both with a substrate in the case of the aniline and a larger area in the case
scan size of 10nm x l0nm. As in the aniline measurements, of the pyrrole monomer, The behavior of the aniline can be
ordered rows and rod like structures are observable, indicating explained by dehydration during transfer and annealing.
high orientational and positional order. Manual distance Acknowledgment

de .2 A and a We wish to acknowledge financial 6upport from thedetermination for the rod-to-rod distane yield 4.2 - .Office of Naval Research and the "Supra Molecular Chemistry'
row-to-row distance of 6.2 ± 0.4A. With this data, interpreted as program of NATO Scientific Affairs Division. We thank KSV
in the aniline case, the surface area covered by one polymer instruments (Finland) for technical assistance and we thank
repeating unit was calculated as 26.04 ± 1.6A2. This result fits Dr. Raj Bodalia for the synthesis of the aniline monomer.

very well with the value, determined from the x/area Ref ences
isotherm at the transfer pressure, which was 27.4A2 . For the 1. A.G.,MacDiarmid; A.J.,Epstein; Macromol.Chem
monomer we found a rod-to-rod distance of 4.0 ± 0.5A and a Macromol.Symp., 1991, 51, 217-234
row-to-row distance of 15 * 1.5A. Since the value for the rods I. MacDiarmid, A.G.; Chiang J.C.; Halpern, M.; Huang,

W.S.; Mu, S.L; SomasLi, N.L.D.; Wu, W.; Yaniger, S 1,
can be interpreted with the distance between the alkyl side Mol. Cryst Liq. Cryst. 1985, 121,173.
chains, a distance of 15A between the rows is difficult to 3. MacDiarmid, A.G.; Chiang, J.C.; Richter, A.F;
explain. One model which would fit the data, shows the rings Somasiri, N.L.D.; Epstein, A.J.; Conducting Polymers

Alcacer, L; Ed.; Reidel Publication, Dordrecht, Holland.standing on the substrate with a tilt angle and overlapping 19•; pp 105-120.
with each other, attached to the surface via the nitrogen atoms. 4. Genies, E.M.; Boyle, A.; Lapkowski, M.; Tsintavis. C
The alkyl side chains are in the air partly covering the rings Synth. Met. 1990, 36, 139-182. and refs therein

and forming a low energy surface. In the case of the polymer, a . Othani, H.; Wilson, R.J.; Chiang, S.; Mate CM.;
Phys. Rev. Left 1986,60,2398

model with the polymer backbone in an all anti nitrogen 6. Frommer, I.E.; Foster, 1.S.; Nature 1988, 333, 502
configuration and outward "floating" alkyl side chains would 7. Yang, IR; Yang, R.X.; Evans, D.F.; Hendrickson.

W.A.; Baker, J.; J. Phys. Chem. 1990, 94, 6123-6125the measured data. 8. Smith, D.P.E.; Horber, H.; Gerber, Ch.; Binnig, G. _&:erce

19"9,245,43.
9. Riihe, J.; Ezquerra, T.A.; Wegner, G.; Macromol

Chem. Rapid. Commun., 1989,,1I
10, Bodalia, R.; Stern, R.; Batich, C.; Duran, R.; I. Polv .c:.

Chem. Ed. 1993, 31, 2123
11. Helm, C.A.; Tippmann-Krayer, P.; Mohwald, H.,

Kjaer, K.; Als-Nielsen, J.; Biophys. J. 1991, 60, 1454



TECHNICAL REPORT DISTRIBUTION LIST - GENERAL

Office of Naval Research (2)" Dr. Richard W. Drisko (1)
Chemistry Division, Code 1113 Naval Civil Engineering
800 North Quincy Street Laboratory
Arlington, Virginia 22217-5000 Code L52

Port Hueneme, CA 93043

Dr. James S. Murday (1) Dr. Harold H. Singerman (1)
Chemistry Division, Code 6100 David Taylor Research Center
Naval Research Laboratory Code 283
Washington, D.C. 20375-5000 Annapolis, MD 21402-5067

Dr. Robert Green, Director (1) Chief of Naval Research (1)
Chemistry Division, Code 385 Special Assistant for Marine
Naval Weapons Center Corps Matters
China Lake, CA 93555-6001 Code 00MC

800 North Quincy Street
Arlington, VA 22217-5000

Dr. Eugene C. Fischer (1)
Code 2840
David Taylor Research Center Defense Technical Information
Annapolis, MD 21402-5067 Center (2)

Building 5, Cameron Station
Alexandria, VA 22314

Dr. Elek Lindner (1)
Naval Ocean Systems Center
Code 52
San Diego, CA 92152-5000

Commanding Officer (1)
Naval Weapons Support Center
Dr. Bernard E. Douda
Crane, Indiana 47522-5050

* Number of copies to forward

12.

Za@10s~i..


