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Chem. B. 2006, 110, 8535-8539 (and its Supporting Infor-
mation) and McAllister, M. J. et al. Chem. Materials 2007
19 4396-4404.

The inks are prepared as follows. A poly(ethylene oxide)
(PEO) solution is prepared by mixing a sufficient amount of
PEO with a 1:1 volume/volume mixture of ethanol and
de-ionized water to produce a mixture containing 40 mg of
PEO per mL of total solvent. After stirring overnight, a
homogeneous PEO stock solution is obtained.

FGS is weighed and a sufficient amount of concentrated
aqueous Pluronic® F127 (an ethylene oxide/propylene
oxide copolymer surfactant supplied by BASF) solution
(typically 2 mg/mlL) is added to the FGS to yield a mixture
having a 1:1 weight ratio of FGS and Pluronic F127.
Sufficient de-ionized water is added to produce a suspension
containing 1 mg FGS per 1 ml of water. The resulting
suspension is sonicated for 5 minutes with a duty cycle of 20
percent in an ice bath. 1 mL of the FGS suspension is then
added to 3 mL of the PEO stock solution and the mixture is
stirred for 3-5 minutes until homogeneous.

Example 1

An ink is prepared as described above using PEO having
a molecular weight of 4,000,000. The ink is printed elec-
trohydrodynamically onto a glass substrate using the method
disclosed in WO 2007/053621. The printing is done at a flow
rate of 0.5 mL/hr under a 2200 kV potential difference
between electrodes that are 7.2 mm apart. The width of the
lines is about 43 um. FIG. 1 is an optical microscope image
of a series of parallel printed lines.

Copper tapes are attached to the lines perpendicular to the
length of the lines. A power supply (Tektronix PS 252G
Programmable Power Supply, Tektronix Inc., Beaverton,
Oreg.) and a multimeter (Fluke 27 Multimeter, Fluke Corp.,
Everett, Wash.) are attached in serial with the printed via the
copper tapes. A potential difference (5-20 V) is applied and
current is monitored through the multimeter. An electrom-
eter (Keithley 6514, Keithley Instruments Inc., Cleveland,
Ohio) with two electrodes is used to measure the potential
difference across two points along the direction of the
current. The potential difference measured on the film and
current is used to find the resistance using Ohm’s law, i.e.
R=V/I; where R, V, and I are the resistance, voltage, and
current, respectively. Resistivity (o) is found by o=RA/L,
where A and L are the cross section of the film through
which current flows and the length over which the potential
difference is measured. Conductivity (k) is found by k=1/0.
The resulting conductivity is about 0.05 S/m.

Example 2

An ink is prepared as described above using PEO having
a molecular weight of 4,000,000. The ink is printed elec-
trohydrodynamically onto a glass substrate using the method
disclosed in WO 2007/053621. The printing is done at a flow
rate of 0.5 mL/hr under a 2200 kV potential difference
between electrodes that are 7.2 mm apart. The width of the
lines is about 130 pm.

The ink is formed into a film as follows: two copper plates
(22 mmx22 mm) are wrapped with Teflon tape, leaving 1
mm of copper uncovered at the lower ends. The plates are
then firmly attached to the shorter of the side walls of a
Teflon® cell (23 mmx46 mm inner base area, 32 mm height)
with screws. The mixture is poured into the Teflon® cell and
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kept at 50° C. on a hot plate until all of the solvent is
evaporated to form films that are attached to the copper
plates.

Copper tapes are attached parallel to each other on two
ends of the film such that they cover the entire width of the
film. The electrical conductivity of the film is measured
across the copper tapes as described above for Example 1.
The measured conductivity is about 12.4 S/m.

Comparative Example 1

An ink is prepared as described above substituting carbon
black (supplied by Cabot Corp.) for the FGS and using PEO
having a molecular weight of 300,000. The ink is printed
electrohydrodynamically onto a glass substrate using the
method disclosed in WO 2007/053621. The printing is done
at a flow rate of 0.5 ml/hr under a 2200 kV potential
difference between electrodes that are 7.2 mm apart. The
width of the lines is about 130 pum.

As described above for Example 2, the ink is formed into
a film and its electrical conductivity is measured. The result
is about 1.3x107® S/m.

Example 3

An ink is prepared as described above using PEO having
a molecular weight of 4,000,000. The ink is printed elec-
trohydrodynamically onto a glass substrate using the method
disclosed in WO 2007/053621. The printing is done at a flow
rate of 0.5 mL/hr under a 2200 kV potential difference
between electrodes that are 7.2 mm apart. The width of the
lines is about 140 pm and the thickness is about 300 nm. The
printed line has an electrical conductivity of about 19.6 S/m.

General Details for Examples 4-14

Preparation of Test Samples

The inks in the form of liquid dispersions are printed onto
a substrate using a doctor blade and then dried in air in an
oven at 125° C. to form a film. Testing is done on the printed
films.

Electrical Conductivity

The point-to-point resistivity (in ohms) of the films is
measured using a standard multimeter across contact points
consisting of two spots of silver paste having a diameter of
about 0.3 mm that are applied to the surface of the film about
1 inch apart. The resistance across these points is also
measured using a standard multimeter and the reading is
divided by 10 to calculate the resistivity in ohms/square.
Results given as a single number are an average of several
measurements and results given as a range of figures indi-
cate the high and low readings from several measurements.

Peel Resistance

A fingernail is drawn back and forth across the surface of
the film five times. The surface of the film where it was
scratched and the tip of the nail are examined and the scratch
resistance of the film is assessed as follows: excellent is no
noticeable transfer of the film surface to the nail; very good
is minimal transfer and no noticeable indentation on the
surface of the film; good is some indentation of the film
surface; fair is removal of a substantial portion of the film;
and poor is where the substrate is visible. In some cases no
cohesive film adhered to the substrate is formed.

Scratch Resistance

A fingernail is drawn across the surface of the film. The
film and tip of the nail are visually inspected. The scratch
resistance is graded as follows: no transfer of film material
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