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Adjacent Reentry of Folded Polydimethylsilane
Polymer Chains**

By Roberi D. Boyd and Jas Pal 5. Badyal*®

The growth of polymer single crystals from dilute solu-
tions has been known for a long time.!'! These generally
tend to grow as thin lamellae with lateral dimensions of mi-
crometers and nanometer-scale thickness. > At the mole-
cular level, polymer chains align themselves perpendicular
to the lamella surface via chain folding ! Because of the
very small thickness of the crystalliles along the chain di-
rection, a single polymer chain must traverse the crystallite
from which it originates many times. Two types of model
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can potentially describe this polymer chain folding:® a ran-
dom (switchboard) model, where the polymer chains give
rise to an amorphous overlayer, or, alternatively, the poly-
mer chains are regularly folded, making hairpin turns at
the surface, which is known as the adjacent reentry model
(Fig. 1).[7] Indirect measurements based on neulron scatter-
ing!® and infrared absorption'” studies tend to support the

N
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Fig. 1. Schematic representation of chain folds in a polymer single crystal: a)
regular adjacent reentry model, and %) random switchboard model.

latter description. In addition, physically adsorbed polymer
material®! and defects!' can be present at the surface.

The surface morphology of polymer single crystals has
previously been studied using electron microscopy!''* and
atomic force microscopy (AFM).P™ ! Molecular scale
resolution has becen mainly hampered as a result of the
small size of the polymer backbone carbon atoms and also
the presence of an amorphous surface overlayerl'72
Here, we investigate the surface siructure of polvdimethyl-
silanc ([-51{CHz)2-],) crystals using AFM. Polydimethylsi-
lane is a highly crystalline polymer that adopts an all-trans
packing arrangement in the solid state.”"! A distinct advan-
tage of silicon-containing polymer backbones over their
carbon counterparts is that they crystallize with larger lat-
tice parameters (due to the greater size of silicon atoms),
thereby making il easier in principle to image the polymer
backbone using AFM,

A 0.001% w/v dilute solution of polydimethyisilane
(ABCR) in toluene was heated to 100 °C and maintained at
this temperature for 30 min and then allowed to slowly cool
down to room temperature. A few drops of the suspension
were then deposited onto freshly cleaved mica, and the sol-
vent was allowed 1o evaporale prior to AFM analysis. These
experiments were repeated using a flat glass substrate in or-
der to check that there were no artifacts in the obtained
AFM images due to the mica substrate. All AFM images
were acquired using a Digital Instruments Nanoscope I1]
atomic force microscope operating in the contact mode.
200 um cantilevers were used with a spring constant of
0.06 Nm™, which resulted in an applied force of 3 nN. Mi-
crometer-scale and molecular resolution images were ob-
tained on a number of polydimethylsilane crystals using
100 pm and 1 pm piezoelectric scanner heads, respectively.

Crystallite thickness was measured to be of the order of
5 nm (Fig. 2). This is in good agreement with previous elec-
tron microscopy thickness measurements of polydimethyl-
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Tig. 2, Low resolution AFM image of lamellar pelydimelhylsilane crystals
(light regions).

silane single crystals.” Molecular scale resolution AFM of
polydimethylsilane tevealed rows of rod-like features
{Fig. 3); these rod-like leatures cannot be-associated with
the polymer repeat units since they are much longer than
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Fig. 3. Molecular resolution AFM image of a polydimethylsilune single crys-
tal surface: a) before filtering, and b) after fiftering. ‘The drawn straight line
tepresents the top vigw of a [nlded polymer chain.

the Si-Si bond length contained along the polymer back-
hone of polvdimethylsilane (which is reported to be
0.4 nmPY). 1t is morc likely that the rod-like features cor-
respond to chain folds at the single crystal surface, as ex-
pected for the regulur adjacent reentry model (Fig. 1)
The dimecnsions of the unit cell are 0.80+0.05 nm and
(.62 1 0.03 nm, with a lattice angle of 95+5°. These results
are consistent with electron and X-ray dillraction studies
ol polydimethylsilane, which report the unit cell dimen-
sions as being ¢ = 0.80 nm, b = 1.22 nm, and y = 91°,
where b corresponds to (wice the inlerchain lattice spac-
ing 2!

Hence it can be concluded that the folding ol polymer
chains at the surface of polydimethylsilane single crystals
can be scen at molecular scale resolution by atomic force
microscopy. Comparison with previous electron and X-ray
diffraction data indicates that polymer chain folding at the
surface is consistent with the regular adjacent reentry
model.
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Beo-(ET):I5: Non-electrochemical Synthesis
and Structural and Physical Properties of an
Organic Superconductor with 71 K< T <79 K

By Huarald Miiller,* S. Olof Svensson, Andrew N. Fitch,
Maren Lorenzen, and Dimitrios . Xenikos

Bis(ethylenedithio)tetrathiafulvalene (BEDT-TTF or ET
for short, see Scheme 1) and iodine form a plethora of
polymarphic phases, denoted by small Greek letters, the
electrical conductivities of which range from semiconduc-
ling to metallic to superconducting,! B-(ET)al5/*" 8-
(ET)3 Y - (ET)l51 and y=(ET)s(Ls). 5" are supercon-
ductors al ambient pressurc, with (ransition temperatures
Toof 1.4 K, 3.6 K, 3.6 K and 2.5 K. respectively. A super-
conducting product (T, = 7-8 K),® generally referred to as
t~{ ET)als, is obtained by thermal conversion of the organ-

T~

Scheme 1. BEDT-TTF {the abbreviation ET is used in this communication).
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