JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by American Chemical Society

Communication

Surface Vibrational Spectroscopy on
Shear-Aligned Poly(tetrafluoroethylene) Films
Na Ji, Victor Ostroverkhov, Franois Lagugn-Labarthet, and Yuen-Ron Shen

J. Am. Chem. Soc., 2003, 125 (47), 14218-14219- DOI: 10.1021/ja037964I « Publication Date (Web): 30 October 2003
Downloaded from http://pubs.acs.org on March 30, 2009

A
1
T

E(532nm) !
[}
1
1
1
i
]
I
1

-——>

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 5 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja037964l

JIAIC[S

COMMUNICATIONS

Published on Web 10/30/2003

Surface Vibrational Spectroscopy on Shear-Aligned Poly(tetrafluoroethylene)
Films

Na Ji, Victor Ostroverkhov, Francois Lagugné-Labarthet, and Yuen-Ron Shen*

Department of Physics, Umrsity of California at Berkeley, and Material SciencesiBion,
Lawrence Berkeley National Laboratory, Berkeley, California 94720

Received August 16, 2003; E-mail: shenyr@socrates.berkeley.edu

Teflon or poly(tetrafluoroethylene) (PTFE, &) is well-known symmetry. The vibrationally resonant sum-frequency generation can
for its remarkable surface properties. Recently, it was found that be visualized as the combination of an infrared transition followed
highly oriented PTFE thin films could be rubbed onto a substrate by an anti-Stokes Raman process. In terms of vibrational transition
by shearing a hot piece of PTFE. They can be used as templates talipole moment #/2wq)*3(3u/0Q;) and Raman polarizabilityA(
orient biological molecule5prganic films, and crystals, as wellas  2wg)Y%(90/0Q,), we can write
polymers deposited on thehVarious mechanisms such as epitéxy,

graphoepitaxy,and topographical inductirhave been proposed Ns A 00 diye o ,
to explain the surface-induced ordering effect. Clearly, for basic Agik = I Z_a_a_[ﬂ"l )(-j)(kk)O
understanding of the effect, one needs to know the surface structure e Wq Qq Qq

of the films at the mqlecular Ieyel. Transm.ission electron mif:ros- whereNs is the surface density of moleculésj, andk refer to the
copy, X-ray diffraction, atomic force microscopy, and high- o coordinates and, j’, andK to the molecular coordinateq
resolution electron energy loss spectroscopy have been used to StUdéﬁenotes the normal coordinate of vibrational magleand the
such f||ms, but theY are ge”era"Y no'F suff|(:|e.nt|y surface specific angular brackets represent an average over molecular orientations.
or sensitive to provide much detailed information about the surface This indicates that only modes that are both infrared and Raman
structure® In this context, sum-frequency vibrational spectroscopy active can be detected in SEVS.

(SFVS) is an ideal tool. It is highly surface specific and sensitive 1o pPTEE thin films were prepared by shearing a hot Teflon
to a surface monolayer. The polarization-dependent surface vibra—rod at 300°C1° against a clean fused silica substrate at 260
tional spectra allow deduction of information about orientations of under constant pressure§ x 10* Pa) and constant spee¢/@.5
different functional groups. The technique has been successfullycm/s). They appeared to SFVS to have forwasdckward sym-
employed to probe surfe_lces of pol)_/me_rs with stretch mo_des_ in the metry along the shearing direction and hence @gsymmetry.

CHy and CO rangesIn this communication, we report our findings Defining 2 to be along the surface normal akdlong the shearing

fro_m a study of surface structure of shear-deposited PTFE films direction, we have the following nonvanishing surface susceptibility
using SFVS. The observed PTFE spectra are the first surfaceelements for the filma?

vibrational spectra ever obtained in the CF stretch region. From

the spectra of different sample orientations and input and output @ .2 ., .0 __., ._.2

polarization combinations, we find that the PTFE chains are well- Xz Kyyz Xzza Xxax™= Kaxn Xyzy™= Xzyy

aligned on the surface along the shearing direction. With the help  The experimental arrangement was the same as the one described

of selection rules, the vibrational spectra associated with the well- egrlier® A visible beam at 18 800 cmd and an infrared beam

aligned PTFE chains enable us to properly identify the vibrational tynable from 750 to 1300 cr, generated from a picosecond Nd:

modes of PTFE, helping to resolve the long-standing controversy yAG laser system and an optical parametric system, were over-

over their assignmerst. lapped on a PTFE film exposed to air. The SF signal in reflection
The theory of SFVS has been described elsewh@fee SFsig-  \as detected by a photodetector/gated integrator system after proper

nal atws generated in reflection from overlapping two input beams  spatial and spectral filtering. The SFVS spectra were taken with

atw; andw, on a surface is proportional g2, wherejzq is the the film oriented so that the shearing direction was either parallel

effective second-order surface nonlinear susceptibility defined as (||) or perpendicular(() to the plane of incidence. Different input

and output polarization combinations were used: SSP (denoting

Yfazf? = [éS'L(wS)]-‘)Z(Z):[L(wl)-Q][L(wz)-@] S-polarized SF output, S-polarized visible input, and P-polarized
?Aq infrared input) to deducg®, andy2, SPS to deducgly, andy2),
7(2) — fﬁ)R N W and PPP to d_educe the remainiyig,° The spectra appear(_ed to be
TW, — + irq remarkably simple. No spectral features were observed in any pol-

~ arization combination except SPS in which two peaksatf 1142
In the above expressiof, @dL(w;) denote the unit polarization and 1204 cm! andI'q of 5 and 12 cm?, respectively, appeared
vector and the Fresnel coefficient of the fieldaatat the surface, when the sample was in tHegeometry, as shown in Figure 1.
‘;'{(NZ,)Q is the nonresonant background contribution to the nonlinear ~ The shear-deposited films had an average thicknesslofnm
susceptibility Ay, wq, andl’q are the amplitude, resonant frequency, as seen by AFM.One might wonder if the PTFE buifkor PTFE/
and damping constant of vibrational moglerespectively, and we substrate interface would contribute to the observed SPS spectrum.
have assumed that the incoming frequengyis near resonance  As a test, we covered the PTFE surface by aBaiRdow with a
with the vibrational modes. Under the electric-dipole approximation, thin layer of CC} in between. The CGlayer had no absorption in
the nonlinear susceptibility vanishes in media with inversion the 1106-1300 cnt! region, and yet the SFVS spectrum disap-
symmetry but is nonzero at surfaces because of the brokenpeared completely. It reappeared immediately after evaporation of

14218 = J. AM. CHEM. SOC. 2003, 125, 14218—14219 10.1021/ja037964| CCC: $25.00 © 2003 American Chemical Society
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Figure 1. SFVS spectra from a shear-deposited thin film of PTFE. The

polarization combination used was S (SFG), P (visible), and S (infrared). Figure 2. Schematic showing a PTFE chain aligned along the shearing

direction in the incident plant. Electric field directions of the beams as

CCl,. Apparently, the CGlliquid must have disrupted the ordered ~Marked are of SPS polarization combination.

surface structure of PTFE and suppressed its SFVS spectrum. This ] ] ) o

indicates that the SF signal originated from the air/PTFE interface. M&&ningful. Ever since the early investigation nearly 50 years ago,
To understand the SFVS spectra and deduce information about!n® assignment of PTFE’s vibrational modes has always been a

the surface structure of the PTFE films, we follow the theoretical Matter of debate. IR and Raman spectroscopy on bulk PTFE

studies of vibrational modes of PTFE in the literatif®TFE is a generally reveal three modes around 1150, 1200, and 1246 cm

linear polymer of {-(CF»)—].. Unlike polyethylene (§Ha) which in the CF stretch range, but their assignment varies among different

has a planar zigzag structure, PTFE chains have hdl&al struc- authors? In our SFVS spectrum, the 1240 chmode is very weak

ture under room temperature in which 15&ffoups are arranged and hardly distinguishable from the background noise. It indicates

along the helical axis in seven turns (but the films are racemic with that the mode must be of symmetry other than @ur results

equal number of right- and left-handed helices). Coupling between confirm the earlier assignment of this mode to be efsgmmetry

CF, groups along a chain is also stronger than,Cldading to by Peacock et df and Cutler et af® , ,

normal vibrational modes that cannot be identified with individual " conclusion, we have used SFVS to obtain the first surface

CF; groups. Factor group analy&isor such a structure shows that vibrational spectr_a of PTFE films. The surprisingly S|mplt_e spectra

its normal modes must have; M., Ey, or E; symmetry: only the for the sheared films enable us to conclude that the helical PTFE

E, modes are both infrared and Raman active, and their infrared chains are weII-aIigned on the surface along the shearing direction
transition dipole is perpendicular to the helical axis. To excite the and the observed vibrational modes at 1142 and 1204 ene of

E; modes, one needs an infrared field component along the tran-t1€ B Symmetry in agreement with some earlier analyses.

sition dipole. Now in our SFVS experiment on PTFE, vibrational Acknowledgment. The authors are grateful to EKSPLA and

modes were detected only with the SPS polarization combination pjtos Inc. for the loan of the first commercial SFG spectrometer.

and the|| geometry. Therefore, they must have their transition di- Thjs work was supported by DOE under contract No. DE-AC03-

poles perpendicular to the shearing direction of the film. This, then, 76sF00098.

strongly suggests the following scenario. The PTFE chains must
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