
WO 2011/066010PCT/US2010/046541 PURIFICATION OF METAL NANOSTRUCTURES
FOR IMPROVED HAZE IN TRANSPARENT CONDUCTORS MADE FROM THE SAME
CROSS-REFERENCE TO RELATED APPLICATION               This application
claims the benefit under 35 U.S.C.  119(e) of U.S. 5 Provisional
Patent Application No. 61/274,974 filed August 24, 2009, where this
provisional application is incorporated herein by reference in its
entirety. BACKGROUND Technical Field                  This disclosure
is related to purification of metal nanostructures and low-10 haze
transparent conductors made from the same. Description of the Related
Art            Transparent conductors are optically clear and
electrically conductive films. They are in widespread use in areas of
display, touch-panel, photovoltaic (PV), various types of e-paper,
electrostatic shielding, heating or anti-reflective coatings (e.g.,
windows), 15 etc. Various technologies have produced transparent
conductors based on one or more conductive media such as conductive
nanostructures. Generally, the conductive nanostructures form a
conductive network through long range interconnectivity.
Depending on the end use, transparent conductors can be created with
predetermined performance parameters including, for example, sheet
resistance, optical 20 transparency, and haze. These performance
parameters are generally directly related to the morphologies and
monodispersity of the conductive nanostructures.            Currently
available synthetic methods for preparing metal nanostructures
typically produce a range of nanostructure morphologies and not all
of them are desirable. Thus, there is a need in the art to isolate
and enrich metal nanostructures of certain 25 desirable morphologies.
WO 2011/066010PCT/US20101046541 BRIEF SUMMARY Provided are a method
of isolating and purifying metal nanowires from a crude and a complex
reaction mixture that includes relatively high aspect ratio
nanostructures as well as nanostructures of low aspect ratio shapes,
and conductive films 5 made of the purified nanostructures. 



One embodiment provides a process of isolating metal nanowires, the
process comprises: (a)providing a crude mixture of nanostructures
that includes nanostructures having an aspect ratio of 10 or more and
nanostructures having an aspect 10 ratio of no more than 10, the
crude mixture being suspended in a polyol solvent; providing a first
diluted crude mixture by combining water with the crude mixture;
(c)providing a combined ketone mixture by combining the diluted crude
mixture with a ketone; 15(d)providing a precipitate comprising
nanostructures having an aspect ratio of 10 or more, and a
supernatant comprising at least a portion of the nanostructures
having aspect ratios of no more than 10, providing the precipitate
including allowing sedimentation of the combined ketone mixture; and
(e)removing from the precipitate the supernatant comprising the at 20
least a portion of the nanostructures having aspect ratios of no more
than 10. In further specific embodiments, the process may further
comprise (0re-suspending the precipitate of (d) in water to provide a
second diluted crude mixture; and (g)repeating steps (c)-(f). 25In
various embodiments, the nanostructures having aspect ratio of 10 or
more are silver nanowires. In various embodiments, the ketone is
acetone. A further embodiment provides an ink composition comprising:
a plurality of nanostructures having aspect ratios of 10 or more; 



30a liquid carrier; wherein the nanostnictures having aspect ratios
of 10 or more are purified by:  WO 2011/066010PCT/US2010/046541
(a)providing a crude mixture of nanostructures that includes
nanostructures having an aspect ratio of 10 or more and
nanostructures having an aspect ratio of no more than 10, the crude
mixture being suspended in a polyol solvent; 5(b)providing a first
diluted crude mixture by combining water with the crude mixture;
(c) providing a combined ketone mixture by combining the diluted
crude mixture with a ketone;             (d) providing a precipitate
comprising nanostructures having an 10  aspect ratio of 10 or more,
and a supernatant comprising at least a portion of the nanostructures
having aspect ratios of no more than 10, providing the precipitate
including allowing sedimentation of the combined ketone mixture; and
(e) removing from the precipitate the supernatant comprising the at
least a portion of the nanostructures having aspect ratios of no more
than 10. 15(1)re-suspending the precipitate of (d) in water to
provide a second diluted crude mixture; and (g)repeating steps
(c)-(f).            Yet another embodiment provides a conductive film
comprising: a conductive network of a plurality of silver nanowires
that has a resistance of at least 200 20 olun/sq; and no more than
1500 nanostructures having an aspect ratio of less than 10 per
millimeter square area of the conductive film. In a further
embodiment, such a conductive film has a haze of no more than 0.5%.
A further embodiment provides a conductive film that has a resistance
of at 25 least 600 ohm/sq; and no more than 500 nanostructures having
an aspect ratio of less than 10 per millimeter square area of the
conductive film. In a further embodiment, such a conductive film has
a haze of no more than 



0.25%.  WO 2011/066010PCT/US2010/046541 BRIEF DESCRIPTION OF THE
SEVERAL VIEWS OF THE DRAWINGS            Figure 1 shows a process of
purifying metal nanowires by acetone wash(es) in accordance with an
embodiment of this disclosure.              Figure 2 demonstrates
nanostructure counts in a unit area of a transparent 5 conductor in
which nanostructures with aspect ratios less than 10 are visually
identified and counted. DETAILED DESCRIPTION OF THE INVENTION
Provided herein is a method for isolating and purifying
nanostructures of certain morphologies from a mixture of
nanostructures of various morphologies. In 10 particular,
substantially all of the purified metal nanostructures have aspect
ratios of 10 or more.             As used herein, "conductive
nanostructures" or "nanostructures" generally refer to electrically
conductive nano-sized structures, at least one dimension of which is
less than 500nrn, more preferably, less than 250nm, 100nm, 50nm or
25nm. Typically, the 15 nanostructures are made of a metallic
material, such as an elemental metal (e.g., transition metals) or a
metal compound (e.g., metal oxide). The metallic material can also be
a bimetallic material or a metal alloy, which comprises two or more
types of metal. Suitable metals include, but are not limited to,
silver, gold, copper, nickel, gold-plated silver, platinum and
palladium. 20The nanostructures can be of any shape or geometry. The
morphology of a given nanostructure can be defined in a simplified
fashion by its aspect ratio, which is the ratio of the length over
the diameter of the nanostructure. For instance, certain
nanostructures are isotropically shaped (i.e., aspect ratio = 1).
Typical isotropic nanostructures include nanoparticles. In preferred
embodiments, the nanostructures are 25 anisotropically shaped (i.e.,
aspect ratio # 1). The anisotropic nanostructure typically has a
longitudinal axis along its length. Exemplary anisotropic
nanostructures include nanowires, nanorods, and nanotubes, as defined
herein.               The nanostructures can be solid or hollow.
Solid nanostructures include, for example, nanoparticles, nanorods
and nanowires. "Nanowires" typically refers to long, 30 thin
nanostructures having aspect ratios of greater than 10, preferably
greater than 50, and  WO 2011/066010PCT/US2010/046541 more preferably
greater than 100. Typically, the nanowires are more than 500nm, more
than lp.m, or more than 10um long. "Nanorods" are typically short and
wide anistropic nanostructures that have aspect ratios of no more
than 10. Hollow nanostructures include, for example, nanotubes.
Typically, the 5 nanotube has an aspect ratio (length:diameter) of
greater than 10, preferably greater than 50, and more preferably
greater than 100. Typically, the nanotubes are more than 500nm, more
than lp,m, or more than lOrtm in length. 



Nanostructures of higher aspect ratio (e.g., nanowires) may be
favored over nanostructures of lower aspect ratio (no more than 10)
because fewer of the longer the 10 nanostructures may be required to
achieve a target conductivity. Fewer nanostructures in a conductive
film may also lead to higher optical transparency and lower haze,
both parameters finding a broad range of applications in display
technology. Synthesis and Purification of Metal Nanostructures  A
solution-based synthesis (also referred to as the "polyol" process)
is 15 reasonably effective in large-scale production of metal
nanostructures. See, e.g., Sun, Y. et al., (2002) Science, 298, 2176;
Sun, Y. et al., (2002) Nano Lett. 2, 165; Sun, Y. et al., (2002) Adv.
Mater, 14, 833; Kim, F. et al., (2004) Angew. Chem. Int. Ed. 116,
3759; and U.S. Published Application 2005/0056118. The polyol process
involves the reduction of a precursor (e.g., a metal salt) of the
metal nanostructure by a polyol, an organic compound 20 comprising at
least two hydroxyl groups (e.g., ethylene glycol), in the presence of
poly(vinyl pyrrolidone) ("PVP"). Typically, the polyol serves the
dual functions of the reducing agent as well as the solvent.
Exemplary polyols include, but are not limited to, ethylene glycol,
1,2-propylene glycol, 1,3-propylene glycol, and glycerol. Generally
speaking, the shapes and sizes of the nanostructures formed are 25
influenced by parameters including relative amounts of PVP and the
metal salt, concentrations of PVP and the metal salt, reaction time,
and reaction temperature. Further, the addition of a suitable ionic
additive (e.g., tetrabutylammonium chloride or tetrabutylammonium
bromide) to the above reaction mixture was found to increase the
yield and monodispersity of the resulting nanowires. This synthesis
is described in more  WO 2011/066010PCT/US2010/046541 detail in
applicants' co-owned and co-pending U.S. Patent Application No.
11/766,552, which application is incorporated herein in its entirety.
Although the polyol process may be optimized to produce predominately
nanowires, in reality a complex collection of nanostructures are
formed as the crude 5 reaction products. For example, besides metal
nanowires, metal nanostructures of various morphologies, including
nanoparticles, nanocubes, nanorods, nanopyramids and multi-ply
twinned particles, may also have been obtained. The problem is
compounded by poor reproducibility of the process, which is likely
caused by trace amounts of contaminants in the constituents of the
synthesis. See, e.g., Wiley, B. et al., (2004) Nano Lett. 4(9), 1733-
101739.             As discussed herein, to form a transparent
conductor in which nanostructures form a conductive network, it may
be desirable to reduce the amount of nanostructures other than
nanowires because the latter may not effectively contribute to
conductivity, and their presence may contribute to haze. As used
herein, "low aspect ratio 15 nanostructures" or "contaminants,"
includes, for example, nanostructures that are relatively wide and/or
short (e.g., nanoparticles, nanorods), and have a relatively small
aspect ratio (<10). Some or all of these low aspect ratio
nanostructures may be seen as "bright objects" in a conductive film
due to their bright appearance on dark field micrographs. The bright
objects may, thus, significantly increase the haze of the 20
conductive film. 



Isolating nanowires from the low aspect ratio nanostructures in a
mixture of crude products has proved to be difficult or inefficient.
In particular, a typical isolation method involves sedimentation,
which allows for the nanostructures to precipitate while a liquid
phase including the polyol and PVP forms the supernatant. However, it
is common 25 that the low aspect ratio nanostructures co-precipitate
with the nanowires and become nearly impossible to separate. In
addition, the co-precipitated nanowires and the low aspect ratio
nanostructures are often difficult to be re-suspended in a liquid
phase, impeding any effort of further purification. Moreover, certain
polyol solvents are so viscous (e.g , glycerol) that a protracted
sedimentation process may be necessary before 30 any appreciative
amount of nanostructures can precipitate.  WO
2011/066010PCT/US2010/046541             Thus, one embodiment
provides a post-synthesis purification method that isolates metal
nanowires from a crude reaction mixture that includes metal nanowires
as well as metal nanostructures having aspect ratios of less than 10
(e.g., nanoparticles and nanorods). In particular, the purification
process introduces one or more wash cycles by a 5 ketone (e.g.,
acetone), which selectively and progressively removes substantially
all of the metal nanostructures having aspect ratios of less than 10.
The method addresses the difficulties commonly faced in nanowire
purification by allowing for rapid formation of a precipitation
dominated by nanovvires, easy re-suspension of the nanowire
precipitation for further purification, and selective redistribution
of the nanostructures of low aspect ratio 10 (e.g., no more than 10)
in the supernatant. More specifically, the process comprises:
(a)providing a crude mixture of nanostructures that includes
nanostructures having an aspect ratio of 10 or more and
nanostructures having an aspect ratio of no more than 10, the crude
mixture being suspended in a polyol solvent; 15(b)providing a first
diluted crude mixture by combining water with the crude mixture;
(c) providing a combined ketone mixture by combining the diluted
crude mixture with a ketone;             (d) providing a precipitate
comprising nanostructures having an aspect 20 ratio of 10 or more,
and a supernatant comprising at least a portion of the nanostructures
having aspect ratios of no more than 10, providing the precipitate
including allowing sedimentation of the combined ketone mixture; and
(e) removing from the precipitate the supernatant comprising the at 



least a portion of the nanostructures having aspect ratios of no more
than 10. 25Preferably, the process further comprises:
re-suspending the precipitate of (d) in water to provide a second
diluted crude mixture; and (g)repeating steps (c)-(f).
As used herein, "crude mixture," includes nanowires and any level of
low 30 aspect ratio nanostructures, if such low aspect ratio
nanostructures are to be removed or reduced. In certain embodiments,
the crude mixture is a reaction mixture immediately  WO
2011/0660NPCT/US2010/046541 following the synthesis of metal
nanowires before any purification takes place.. In other embodiments,
the crude mixture may include nanowires that have been purified by at
least one ketone wash, and will be further purified. Although the
process is applicable to any nanostructures having relatively 5 high
anisotropy, such as, without limitation, nanowire and nanotubes, the
process is preferred for silver nanowire purification. The polyol
solvent can be, for example, ethylene glycol, 1,2-propylene glycol,
1,3-propylene glycol, and glycerol. The ketone is preferably a low
boiling point, simple ketone that has no more than 8 carbons total.
Exemplary ketones include, but are not limited to, acetone, 10 methyl
ethyl ketone (MEK), 2 or 3-pentanone. A preferred ketone is acetone.
The amount of ketone used in the wash cycle may vary. It is typically
in excess of the suspending solvent (e.g., water) in the crude
mixture by 1, 2, 3, 4, 5, or 6 times by weight. Figure 1 is a flow
chart illustrating an embodiment of such a process 100 for purifying
silver nanowires. Silver nanowires are initially synthesized by
mixing 15 appropriate reagents (e.g., a silver salt, PVP and
glycerol) in a reaction (block 102). Thereafter, the reaction is
heated to 110C and allowed to react for about 14 hours (block 104).
The reaction is then cooled down to room temperature to a crude
mixture of predominately nanowires accompanied by contaminants,
whereupon water is added to form a diluted crude mixture (block 106).
Thereafter, the crude product is added into an 20 excessive amount of
acetone (e.g., twice or more as much acetone by weight) and the
nanowires, accompanied by a certain level of contaminate, precipitate
out (block 108). The supernatant comprises water, glycerol and
acetone, which are miscible and form a homogeneous liquid phase that
appears to promote the redistribution of the contaminants into the
supernatant. The acetone phase (supernatant) is then discarded (block
110). The 25 nanowire precipitate is re-suspended in water (block
112) and the steps illustrated in blocks 108, 110, and 112 are
repeated (e.g., for 10 times). Thus, each acetone wash cycle creates
a redistribution of nanowires and contaminates in the precipitate and
supernatant, respectively, until the precipitate contains
progressively more and more nanowires and the low aspect ratio
nanostructures are progressively negligible. WO
2011/066010PCT/US2010/046541 



Conductive Films            As discussed herein, "conductive films"
or "transparent conductors" are thin films formed by a network of
interconnecting nanostructures. The electrical conductivity of the
conductive film is often measured by "film resistivity" or "sheet 5
resistance," which is represented by "ohm/square," or "ohm/sq," or
"WO." The film resistance is a function of at least the surface
loading density (i.e., the number of conductive nanowires per unit
square area), the size/shapes of the nanostructures, and the
intrinsic electrical property of the nanostructure constituents. As
used herein, a thin film is considered conductive if it has a sheet
resistance of no higher than 108 WO. Preferably, 10 the sheet
resistance is no higher than 104 CVO, 3,000 O/D, 1,000010, or 100 WO.
Typically, the sheet resistance of a conductive network formed by
metal nanostructures is in the ranges of from 10 S2/0 to 1000 E2/D,
from 100 S2/0 to 750 12/111, from 50 5-2/11 to 200 12/0, from 100
Cl/O to 500 C2/0, from 10012/0 to 250 11/0, from 10 E2/0 to 200 EWE,
from 10 12/D to 50 O/D, or from 1 E2/0 to 10 CVO. 15Optically, the
conductive film can be characterized by "light transmission" as well
as "haze." Transmission refers to the percentage of an incident light
transmitted through a medium. The incident light refers to
ultra-violet (UV) or visible light having a wavelength between about
250nm to 800nm. In various embodiments, the light transmission of the
conductive film is at least 50%, at least 60%, at least 70%, at least
20 80%, at least 85%, at least 90%, or at least 95%. The conductive
film is considered "transparent" if the light transmission is at
least 85%. Haze is an index of light diffusion. It refers to the
percentage of the quantity of light separated from the incident light
and scattered during transmission (i.e., transmission haze). Unlike
light transmission, which is largely a property of the medium (e.g.,
the conductive film), haze is often a production 25 concern and is
typically caused by surface roughness and embedded particles or
compositional heterogeneities in the medium. In various embodiments,
the haze of the transparent conductor is no more than 10%, no more
than 8%, no more than 5%, no more than 1.5% or no more than 1%.
By isolating nanowires from low aspect ratio nanostructures, it is
possible 30 to minimize or eliminate the bright objects in the
conductive film formed thereof Thus, in certain embodiments, for a
particular set of performance parameters, such as relative low  WO
2011/066010PCT/US2010/046541  resistance and low haze, it is
important to limit the number of the low aspect ratio nanostructures
below a certain threshold level, which can be characterized by the
counts of such nanostructures within a unit area. Thus, one
embodiment provides a conductive film that has a resistance of at 5
least 200 ohm/sq, and no more than 1500 low aspect ratio
nanostructures per millimeter square area of the conductive film. In
a specific embodiment, the conductive film has a haze of no more than
0.5%. Another embodiment provides a conductive film that has a
resistance of at least 600 ohm/sq and no more than 500 low aspect
ratio nanostructures per millimeter 10 square area of the conductive
film. In a specific embodiment, the conductive film has a haze of no
more than 0.25%. 



The number or counts of the low aspect ratio nanostructures can be
ascertained by visualizing a conductive film under magnification
(e.g., x100) in dark field mode. The fewer low aspect ratio
nanostructures, the higher conductivity can be expected 15 for a
given loading density.             To prepare such a conductive film,
a liquid dispersion of the purified nanowires can be deposited on a
substrate, followed by a drying or curing process. The liquid
dispersion is also referred to as an "ink composition" or "ink
formulation." The ink composition typically comprises a plurality of
nanowires and a liquid carrier. 20 The ink composition can be
prepared based on a desired concentration of the total nanostructures
(e.g., nanowires), which is an index of the loading density of the
final conductive film formed on the substrate. The liquid carrier can
be any suitable organic or inorganic solvent or solvents, including,
for example, water, a ketone, an alcohol, or a mixture thereof. The
25 ketone-based solvent can be, for example, acetone, methylethyl
ketone, and the like. The alcohol-based solvent can be, for example,
methanol, ethanol, isopropanol, ethylene glycol, diethylene glycol,
triethylene glycol, propylene glycol, and the like.            The
ink composition may further include one or more agents that prevent
or reduce aggregation or corrosion of the nanostructures, and/or
facilitate the immobilization 30 of the nanostmctures on the
substrate. These agents are typically non-volatile and include
surfactants, viscosity modifiers, corrosion inhibitors, and the like.
WO 2011/066010PCT/US2010/046541             In certain embodiments,
the ink composition includes surfactants, which serve to reduce
aggregation of the nanostructures. Representative examples of
suitable surfactants include fluorosurfactants such as ZONYL(r)
surfactants, including ZONYL(r) FSN, ZONYL, FSO, ZONYL(r) FSA,
ZONYL(r) FSH (DuPont Chemicals, Wilmington, 5 DE), and NOVECTM (3M,
St. Paul, MN). Other exemplary surfactants include non-ionic
surfactants based on alkylphenol ethoxylates. Preferred surfactants
include, for example, octylphenol ethoxylates such as TRITONTm (x100,
x114, x45), and nonylphenol ethoxylates such as TERGITOLTm (Dow
Chemical Company, Midland, MI). Further exemplary non-ionic
surfactants include acetylenic-based surfactants such as DYNOL(r) 10
(604, 607) (Air Products and Chemicals, Inc., Allentown, PA) and
n-dodecyl f3-Dmaltoside. In certain embodiments, the ink composition
includes one or more viscosity modifiers, which serve as a binder
that immobilizes the nanostructures on a substrate. Examples of
suitable viscosity modifiers include hydroxypropyl methylcellulose
(HPMC), 15 methyl cellulose, xanthan gum, polyvinyl alcohol, carboxy
methyl cellulose, and hydroxy ethyl cellulose. In particular
embodiments, the ratio of the surfactant to the viscosity modifier is
preferably in the range of about 80 to about 0.01; the ratio of the
viscosity modifier to the metal nanowires is preferably in the range
of about 5 to about 0.000625, or 20 in the range of 2 to 0.5, or in
the range of 10 to 0.1, or the range of 0 to 2; and the ratio of 



the metal nanowires to the surfactant is preferably in the range of
about 560 to about 5. The ratios of components of the ink composition
may be modified depending on the substrate and the method of
application used. The preferred viscosity range for the ink
composition is between about 1 and 100 cP. In any one of the above
embodiments, the 25 metal nanowires may preferably be silver
nanowires.             The substrate can be any material onto which
nanowires are deposited. The substrate can be rigid or flexible.
Preferably, the substrate is also optically clear, i. e., light
transmission of the material is at least 80% in the visible region
(400 nm - 700 nm). Examples of rigid substrates include glass,
polycarbonates, acrylics, and the 30 like. In particular, specialty
glass such as alkali-free glass (e.g., borosilicate), low alkali  WO
2011/066010PCT/US2010/046541 glass, and zero-expansion glass-ceramic
can be used, The specialty glass is particularly suited for thin
panel display systems, including Liquid Crystal Display (LCD).
Examples of flexible substrates include, but are not limited to:
polyesters (e.g., polyethylene terephthalate (PET), polyester
naphthalate, and polycarbonate), 5 polyolefins (e.g., linear,
branched, and cyclic polyolefins), polyvinyls (e.g., polyvinyl
chloride, polyvinylidene chloride, polyvinyl acetals, polystyrene,
polyacrylates, and the like), cellulose ester bases (e.g., cellulose
triacetate, cellulose acetate), polysulphones such as
polyethersulphone, polyimides, silicones, and other conventional
polymeric films. The ink composition can be deposited on the
substrate according to, for 10 example, the methods described in
co-pending U.S. Patent Application No. 11/504,822.             Spin
coating is a typical technique for depositing a uniform film on a
substrate. By controlling the loading amount, spin speed, and time,
thin films of various thicknesses can be formed. It is understood
that the viscosity, the shear behavior of the suspending fluid, as
well as the interactions between the nanowires, may affect the 15
distribution and interconnectivity of the nanowires deposited. For
example, the ink compositions described herein can be spin-coated on
a glass substrate at a speed of 400-2000 rpm for 60 seconds, with
acceleration of 1000 rpm/s. The thin film can be further subjected to
certain post-treatments, including baking at 50C for 90 seconds and
140C for 90 seconds. Pressure treatment with or without heat 20 can
be further employed to adjust the final film specifications. 



As understood by one skilled in the art, other deposition techniques
can be employed, e.g., sedimentation flow metered by a narrow
channel, die flow, flow on an incline, slit coating, gravure coating,
microgravure coating, bead coating, dip coating, slot die coating,
and the like. Printing techniques can also be used to directly print
an ink 25 composition onto a substrate with or without a pattern. For
example, inkjet, flexoprinting, and screen printing can be employed.
WO 2011/066010PCT/US2010/046541 EXAMPLES  EXAMPLE 1 PURIFICATION BY
ACETONE WASH To 500g of glycerol in a clean glass bottle was added
7.5g PVP, 55mg 5 TBAC, 2.5g silver nitrate. The bottle was capped and
the mixture was heated in a 110C convection oven for about 14 hours.
Once the reaction mixture was cooled to 30C, 500g of DIW was added.
The crude diluted reaction mixture was added to 2kg of acetone,
producing a semi-solid dark brown precipitate. The supernatant liquid
was separated from the semi-solid precipitate by decantation or by
filtration through a medium porosity glass 10 frit. Unexpectedly, the
silver nanowires contained in this precipitate could easily be
resuspended in DIW. Thus, the precipitate was then re-suspended in
about 200g DIW and re-precipitated in 800g acetone. These
precipitation/re-suspension steps were repeated several times until a
light tan fluffy precipitate was obtained. This precipitate was
resuspended in DIW and was found to contain mainly thin and long
silver nanowires, almost 15 free of small nanoparticles, large
particles, and bright triangular silver crystals, while the acetone
phases contained mainly these unwanted particles, together with a
small amount of silver nanowires. EXAMPLE 2 TRANSPARENT CONDUCTORS
MADE OF PURIFIED NANOWIRES 20Transparent conductive thin films were
prepared by spin coating, on a glass substrate, an ink composition
comprising the purified silver nanowires of Example 1 and HPMC in
water. Comparative samples of transparent conductors were also
similarly prepared using silver nanowires that were similarly
synthesized except for the respective polyol solvents used in each
synthesis and the post-synthesis acetone wash. Table 1 25
demonstrates that, for a given sheet resistivity, the transmission
and haze are considerably improved in the transparent conductor
formed of the purified silver nanowires obtained from the glycerol
solvent, because of a reduced number of low aspect ratio
nanostructures as well as the thinner diameters in the nanowires.  



WO 2011/066010PCT/US2010/046541 Table 1    No Acetone Wash Acetone
Wash Polyol solvent Ethylene glycol Glycerol % Transmission 88.1 90.1
% Haze 2.85 1.54 Resistivity 25 24  EXAMPLE 3 COUNTS OF BRIGHT
OBJECTS IN TRANSPARENT CONDUCTIVE FILM 



Conductive film was prepared by spin coating as described in Example
2. 5 The number of the low aspect ratio nanostructures was determined
by visualizing a conductive film formed of purified silver nanowires
under a microscope at approximately 100x magnification and in dark
field mode. Pictures were taken of multiple frames and the low aspect
ratio nanostructures counted (Figure 2). The low aspect ratio
nanostructures 200 were typically brighter, shorter or wider than the
silver nanowires. In 10 particular, the low aspect ratio nanowires
had an aspect ratio of less than 10. The counts of each frame were
averaged and converted to per unit surface area.              Table 2
shows the counts of the low aspect ratio nanostructures in two films
of different loading densities, which correspond to respective
resistances, transmission, and haze. In particular, the haze of film
2 is 50% of that of Film 1 because of, at least in 15 part, a fewer
number of low aspect ratio nanostructures.  WO
2011/066010PCT/US20101946541 Table 2   Film 1 Film 2 Resistivity
(Ohm/sq.) 170 600 Transmission (T%) 92.6 93.1 Haze (%) 0.42 0.21 



Frame Low aspect ratio Nanostructures Counts Low aspect ratio
Nanostructures Counts 1 11 2 2 9 4 3 8 6 4 9 3 5 8 2 



6 8 4 7 7 5 8 5 2 9 13 2 10 11 6 Average Nanostructure Counts Per
Frame 8.9 3.6 Low aspect ratio Nanostructures Counts per 



ITIM-2 1070 433              All of the above U.S. patents, U.S.
patent application publications, U.S. patent applications, foreign
patents, foreign patent applications and non-patent 5 publications
referred to in this specification and/or listed in the Application
Data Sheet, are incorporated herein by reference, in their entirety.
From the foregoing it will be appreciated that, although specific
embodiments of the invention have been described herein for purposes
of illustration, various modifications may be made without deviating
from the spirit and scope of the 10 invention. Accordingly, the
invention is not limited except as by the appended claims.  CLAIMS
1. A conductive film comprising:     a conductive network of a
plurality of silver nanowires that has a resistance of at least 5 200
ohm/sq; and no more than 1500 nanostructures having an aspect ratio
of less than 10 per millimeter square area of the conductive film.
2. The conductive film of claim 1, wherein the conductive film has a
haze of no more 10than 0.5%. 3. The conductive film of claim 1
wherein the conductive film has a resistance of at least 600 ohm/sq;
and no more than 500 nanostructures having an aspect ratio of less
than 10 per millimeter square area of the conductive film.  4. The
conductive film of claim 3 wherein the conductive film has a haze of
no more than 0.25%.  5. The conductive film of claim 1 further
comprising a viscosity modifier. 6. The conductive film of claim 5
wherein the viscosity modifier and the silver nanowires are in a w/w
ratio of 10 to 0.1.  7. The conductive film of claim 1 wherein the
viscosity modifier is hydroxypropyl 25 methylcellulose (HPMC). 


