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The oriented growth of materials on an aligned poly(tetrafluoroethylene) [PTFE] surface is
reviewed and discussed with respect to the unique specialty of PTFE. The surface is prepared
by a friction transfer or a rubbing procedure, and can orient not only various kinds of
deposited materials on it but also shows remarkable degrees of uniaxial orientation for some
typical linear conjugated molecules. There have been no such kind of versatile substrates for
the oriented growth of solid thin films. The fair correlation between experiments and molecular
dynamics simulations demonstrates that its unique orientating ability is due to “atomic groove
epitaxy” where the molecules of the materials are trapped along the shallow grooves between
adjacent PTFE chains as shown in the figure below. The grooves are formed through the
intrinsic helix due to PTFE fluorine atoms and are negatively charged as well because of the
strongest electronegativity of the atoms. Both the helix and the charge is crusial for the
remarakable degrees in
the simulations, and
hence the epitaxy is
also one aspect of the
unique specialty.
Furthermore, oriented
J-aggregates are often
prepared on the surface
from some dye
molecules.
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Figure 1. Dr. Jean-Claude Wittman at his
laboratory in Strasbourg in 2002. He was

the director of the laboratory at the time.
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Figure 4. Linear molecules 1 and 2 showing
remarkable Sex, degrees on aligned PTFE
layers. The molecular directions in the MD
models are defined as the lines between the

two closed circle dots for each case. '

5 > 200
C.
4 a.
< // 150
8 3
(8]
C
8
5 2 -100 ©
7]
e}
< N b.
N L - 50
300 400 500 600 700 800

Wavelength (nm)

Figure 5. The polarized absorption spectra
for 1 on aligned PTFE layers : a) the light
polarization parallel to aligned PTFE chains;
b) that perpendicular to those; and c) D

spectrum. 10)
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Figure 6. The simulated uniaxial orientation orders Sy, by two model PTFE surfaces (helix and no

helix) vs. Sex, and the 8 molecules for these data. *
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Table 1. Dye molecules forming oriented J-aggregates on aligned PTFE layers.

Substrate
Dye AL D Ref.
y Glass FT ER (am)
N X:
= N 3 O  76~85 40 39),70)
X— N TN X
- \ N 4 O 78 42 7D
CHy — 0 5 x O 74 69 T
HsC |
N ’N4
| CH, 6 A O A 101 25 T2
N Cl
N
oz~-®—~=u—©—(j 7 x O A 117 22 73
n=5 8 x O O 81 33 33)
H- (CHZ),,@—N:N—Q—N:N@—NS n=6 9 x O O 71 19 33)
n=7 10 x O O 73 29 33)
H-(CHQ,ON:N‘@‘N:N‘@—N: 1 x O O 112 17 10)

O : obvious J-aggregates, /\ : possible, x : no J-aggregates
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Figure 12. The polarized absorption spectra
for 3 on aligned PTFE layers : a) the light
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Figure 13. Motion of helix reversal defects in neibghoring two PTFE chains: a) a single helix reversal

defect; b) a probable twin-helix reversal defect consisting of four reversals; and c) an enlarged atomic

groove induced by the twin-helix reversal defect. 80) Oblique lines mean ridges of fluorine atoms on

PTFE chains, thus forming atomic grooves between adjacent chains.
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