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CONDUC TIVE MATERIAL, CONDUCTIVE 
FILM, AND PRODUCTION METHOD 

THEREOF 

[0001] This application is a divisional of US. patent appli 
cation Ser. No. 11/910,571, ?led Oct. 3, 2007, Which is a 
national stage of International Application No. PCT/JP2006/ 
307242, ?led Apr. 5, 2006, claiming priority based on Japa 
nese Patent Application No. 2005-129511, ?led Apr. 27, 
2005, the contents of all of Which are incorporated herein by 
reference in their entirety. 

TECHNICAL FIELD 

[0002] The apparatuses and methods consistent With the 
present invention relate to a conductive material, a conductive 
?lm, and a production method thereof, and in particular, to an 
enhancement in conductivity of a J's-conjugated polymer. 

BACKGROUND 

[0003] In many ?elds, investigations are being made into 
inorganic materials having lighter Weight and a Wider range 
of material selection than those of knoWn inorganic materials. 
Since most J's-conjugated polymers are polymers having con 
ductivity and potentially have properties utilizable in various 
kinds of electronic materials, optical functional materials, 
and magnetic functional materials, studies for application of 
the J's-conjugated polymers to various ?elds are energetically 
being conducted (for example, see Y. Saito et al., Journal of 
Photochemistry And Photobiology A: Chemistry (J . Photo 
chem. Photobiol. A: Chem.), 2004, Vol. 164, p. 153; andY. 
Shibata et al., Chemical Communications (Chem. Com 
mun.), 2003, p. 2730 and 2731). 
[0004] Polymer conductivity (a) is expressed by Expres 
sion (1) as the product of a density (n) of mobile carriers 
(electrons) in the polymer, a mobility ([1) representing the 
ease of carrier movement, and the electronic charge (e) as 
folloWs. 

[0005] Accordingly, any one of a method of enhancing the 
carrier density ‘n’ in a material and a method of improving the 
mobility p. is used in order to enhance the conductivity (0). In 
general, the at conjugated polymer has semiconductor-like 
conductivity and the conductivity is determined by energy 
levels of the top of the valence band (HOMO: highest occu 
pied molecular orbital) and the bottom of the conduction band 
(LUMO: loWest unoccupied molecular orbital) determined 
by a molecular structure of the polymer, a Width (a Width of a 
forbidden band) betWeen the HOMO and the LUMO, and the 
energy level of impurities doped in the forbidden band. Here, 
although the carrier density can be controlled by the doping in 
a relatively easy manner, the carrier density is generally 
reversible in the atmosphere. MeanWhile, the mobility 
changes greatly by the molecular structure, conformation, 
packing betWeen polymer chains, crystalline properties, and 
the like, and thus it is dif?cult to control or enhance the 
mobility. 

Expression (1) 

SUMMARY 

[0006] In the related art, as a method of controlling or 
enhancing the conductivity, there has been conducted a 
method of changing the polymerization conditions including 
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a monomer in an electrolyte solution, electrolyte concentra 
tion, the type or density of a dopant, the polymerization 
potential, current density, temperature, and the presence or 
absence of agitation, during synthesis of J's-conjugated poly 
mers performed by electrolyte polymerization. Alternatively, 
there has also been conducted a method of immersing the 
J's-conjugated polymers in a dopant solution afterpolymeriza 
tion, for example. HoWever, in fact, in the method, J's-conju 
gated polymers having certain properties are only synthe 
sized as a result of the polymerization conditions and the 
method is far from being able to control the conductivity. 
[0007] Embodiments of the present embodiment are con 
trived in vieW of these circumstances. It is an exemplary 
object to provide a conductive material having high conduc 
tivity acquired from the J's-conjugated polymer. An embodi 
ment of the invention may also provides a method of control 
ling and enhancing the conductivity of the J's-conjugated 
polymer in a simple manner. 
[0008] The inventor has found that it is possible to easily 
control the conductivity of a J's-conjugated polymer by bring 
the J's-conjugated polymer into contact With an ionic liquid, 
Which is not disclosed in the related art. 
[0009] According to one exemplary embodiment, there is 
provided a conductive material obtained by bringing the 
J's-conjugated polymer into contact With the ionic liquid. 
[0010] In the conductive material, the conductivity of the 
conductive material may be 10 times or more the conductivity 
of the J's-conjugated polymer before being brought into con 
tact With the ionic liquid. 
[0011] According to a second exemplary embodiment, 
there is provided a conductive ?lm obtained by bringing the 
J's-conjugated polymer ?lm into contact With the ionic liquid. 
[0012] In the conductive ?lm, the sheet resistance of the 
conductive material may be 0.1 times or less the sheet resis 
tance of the J's-conjugated polymer ?lm before being brought 
into contact With the ionic liquid. 
[0013] According to a third exemplary embodiment, there 
is provided a method of producing the conductive material 
including the steps of preparing the n-conjugated polymer 
and bringing the J's-conjugated polymer into contact With the 
ionic liquid. 
[0014] According to a fourth exemplary embodiment, there 
is provided a method of producing the conductive ?lm includ 
ing the steps of preparing the J's-conjugated polymer ?lm and 
bringing the J's-conjugated polymer ?lm into contact With the 
ionic liquid. 
[0015] According to exemplary embodiments, it is possible 
to enhance the conductivity of a J's-conjugated polymer in a 
very simple manner. It is possible to arbitrarily control the 
conductivity by means of a very simple parameter such as a 
processing time or a processing temperature. Exemplary 
embodiments can contribute to a performance improvement 
of almost all electronic devices including a photoelectric 
conversion element, an electroluminescence element, a sen 
sor, a condenser, and the like Which employ the J's-conjugated 
polymer having conductivity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] FIG. 1 is a graph shoWing a temporal change of a 
?lm thickness and a sheet resistance according to Example 1 
of an exemplary embodiment to the embodiment. 

DETAILED DESCRIPTION OF EXEMPLARY 
EMBODIMENTS OF THE INVENTION 

[0017] A conductive material can be obtained by bringing a 
J's-conjugated polymer into contact With an ionic liquid. 
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Moreover, a conductive ?lm refers to a ?lm-like conductive 
material, and thus the terminology referrers to as a conductive 
material includes the conductive ?lm. 

[0018] The J's-conjugated polymer represents a polymer 
having a J's-conjugate system formed by conjugating tWo or 
more of it bonds (that is, multiple bonds). A speci?c example 
of the J's-conjugated polymer includes a salt (PEDOT/PSS) of 
poly (3,4-ethylenedioxy thiophene) (PEDOT) and poly (sty 
renesulfonic acid) (PSS). The J's-conjugated polymer may 
include one kind of J's-conjugated polymer or a J's-conjugated 
polymer compound in Which a plurality of kinds of J's-conju 
gated polymers are compounded. 
[0019] The ionic liquid Which is a salt composed of anion 
and cation refers to a substance exhibiting a property and a 
state as a liquid at room temperature. Speci?c examples of the 
ionic liquid include liquid imidaZolium salts such as iodi 
dated 1-hexyl-3-methylimidaZolium (HMlml), bis(tri?uo 
romethane sulfonic acid)imide 1-ethyl-3 -methylimidaZolium 
(EMlmTFSl). 
[0020] As a method of bringing the J's-conjugated polymer 
into contact With the ionic liquid, a method of immersing the 
J's-conjugated polymer in the ionic liquid and a method of 
applying to or spraying the ionic liquid on the J's-conjugated 
polymer may be used. Bringing the J's-conjugated polymer 
into contact With the ionic liquid can be performed in the 
atmosphere in a simple manner. A condition at the time of 
bringing the J's-conjugated polymer into contact With the ionic 
liquid, for example, a processing time or a processing tem 
perature, depends on the available J's-conjugated polymer and 
ionic liquid, but the processing temperature may be room 
temperature and a heating temperature, for example. It is 
possible to arbitrarily control the conductivity by changing 
the processing time or the processing temperature. 
[0021] The form of the J's-conjugated polymer at the time of 
bringing the rc-conj ugated polymer into contact With the ionic 
liquid is not particularly limited to a ?lm, a ?ber, a granule, a 
poWder, and a mass, but it is desirable that the ionic liquid act 
on the J's-conjugated polymer evenly. For example, When the 
J's-conjugated polymer has the form of the ?lm (that is, the 
rc-conj ugated polymer ?lm), a ?lm formed on a substrate such 
as glass is supported through the substrate, and thus, handling 
thereof becomes easy and the ionic liquid is brought evenly 
into contact With the entire surface of the ?lm. 

[0022] Other substances, for example, an additive such as 
iodine may be added to the ionic liquid Within the scope of not 
negating the advantages of the embodiment. 
[0023] After bringing the J's-conjugated polymer into con 
tact With the ionic liquid, a suitable additional process may be 
performed as necessary. For example, the ionic liquid exces 
sively attached to the J's-conjugated polymer may be removed 
by Washing a material after the contact processing With an 
organic solvent such as ethanol or acetonitrile. It is possible to 
remove an excessive organic solvent by drying under room 
temperature conditions or heating temperature conditions 
after Washing With the organic solvent. 
[0024] The conductivity of the J's-conjugated polymer after 
being brought into contact With the ionic liquid can be 
enhanced to 10 times or more the conductivity of the 313-0011 
jugated polymer before being brought into contact With the 
ionic liquid. Accordingly, the material obtained by bringing 
the J's-conjugated polymer into contact With the ionic liquid 
potentially has excellent conductivity utiliZable in various 
kinds of electronic materials, optical functional materials, 
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and magnetic functional materials, and thus the material is 
useful as a conductive material. 

[0025] The sheet resistance of the J's-conjugated polymer 
?lm after being brought into contact With the ionic liquid can 
decrease to 0.1 times or less the sheet resistance of the 313-0011 
jugated polymer ?lm before being brought into contact With 
the ionic liquid. Accordingly, the ?lm obtained by bringing 
the J's-conjugated polymer ?lm into contact With the ionic 
liquid potentially has excellent conductivity utiliZable in vari 
ous kinds of electronic materials, optical functional materials, 
and magnetic functional materials, and thus the ?lm is useful 
as a conductive ?lm. 

[0026] The detailed mechanism that provides the advan 
tage of enhancing the conductivity by bringing the n-conju 
gated polymer into contact With the ionic liquid is not clear at 
the time of application of the embodiment, but the n-conju 
gated polymer is believed to undergo a chemical change or a 
physical change by bringing the n-conjugated polymer into 
contact With the ionic liquid from the ?nding that the conduc 
tivity is remarkably enhanced as described in Examples to be 
described later. The n-conjugated polymer and the ionic liq 
uid may be compounded. 
[0027] In the conductive material, since the ionic liquid 
itself does not serve as the carrier, the number of carriers of 
the conductive material is believed to be the same as that of 
the n-conjugated polymer. Although the n-conjugated poly 
mer may change in volume (change in ?lm thickness) at the 
time of being brought into contact With the ionic liquid, there 
is an advantage of remarkably enhancing the mobility of the 
carrier of the J's-conjugated polymer from the ?nding that the 
conductivity is enhanced in comparison With a change in 
carrier density resulting from the change in volume (When it 
is assumed that the conductivity does not change). 

EXAMPLES 

[0028] Hereinafter, exemplary embodiments are described 
With reference to examples, but the embodiment is not par 
ticularly limited to the examples. 
[0029] Method of Measuring Film Thickness: 
[0030] A ?lm thickness (t) Was measured by a contact 
needle-type surface pro?le measuring system (Dektak 3030, 
manufactured by Sloan Company). 
[0031] Method of Measuring Sheet Resistance: 
[0032] A sheet resistance (p5) Was measured by a resistivity 
meter (Loresta GP, Model MCP-T610, manufactured by Dia 
Instruments Co., Ltd.) equipped With a PSP-type probe 
(MCP-TP06P) having 4 terminals and 4 pins on the basis of 
J 1S K 6911. 
[0033] Method of Measuring Conductivity: 
[0034] A volume resistivity (p) was expressed by the prod 
uct of the sheet resistance (p5) and the ?lm thickness (t) (that 
is, pVIpSt). From measurement values of the ?lm thickness 
and the sheet resistance measured by the measuring methods, 
the conductivity (0) Was calculated by Expression (2) as 
folloWs. 

(Fl/pfl/ ps1 Expression (2) 

Example 1 

[0035] By means of a salt (PEDOT/PSS) of commercial 
poly (3,4-ethylenedioxy thiophene) (PEDOT) and commer 
cial poly (styrenesulfonic acid) (PSS), a 10 (10 mm slide glass 
Was coated With ?ltrate obtained by ?ltrating Water dispersion 
liquid (produced by Aldrich) of the PEDOT/PSS With a cel 
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lulose acetate ?lter (0.8 (m) by a cast method. A PEDOT/PSS 
?lm, as a conductive ?lm, Was obtained by drying the 
obtained coated ?lm at room temperature for 15 minutes or 
longer and heat-treating it at 85(C for 15 minutes or longer. 
[0036] The PEDOT/PSS ?lm Was immersed in the ionic 
liquid (iodidated 1-hexyl-3 -methylimidaZolium: HMImI) 
and Was maintained at 85(C While the PEDOT/PSS ?lm Was 
laid on the slide glass. After cooling the PEDOT/PSS ?lm to 
room temperature, the PEDOT/PSS ?lm after being brought 
into contact With the ionic liquid Was Washed With ethanol and 
dried. 
[0037] In the operation, the ionic liquid HMImI Was placed 
at a potential level Which did not cause oxidation or reduction 
of the PEDOT/PSSS, and thus the carrier density (n) of the 
polymer ?lm did not change. 
[0038] The ?lm thickness and the sheet resistance of the 
conductive ?lm Were measured by the measuring methods 
both before and after being brought into contact With the ionic 
liquid. The conductivity of the conductive ?lm Was calculated 
from the measurement values. FIG. 1 shoWs a temporal 
change of the ?lm thickness and the sheet resistance in 
Example 1. The number of samples Was set to 3. In FIG. 1, a 
White circle represents a ?lm thickness of each sample, a 
black circle represents an average value of the ?lm thickness, 
a White triangle represents a sheet resistance of each sample, 
and a black triangle represents an average value of the sheet 
resistance. 
[0039] An average value of the conductivity calculated by 
Expression (2) is shoWn in Table 1. 
[0040] Moreover, a “time” shoWn in FIG. 1 and Table 1 
represents a time (that is, the processing time) during Which 
the conductive ?lm Was immersed in the ionic liquid 
(HMImI) and Was maintained at 850 C. 

TABLE 1 

Time/h Conductivity/(S/cm) 

0 4.7 

5 4,120 
24 3,260 
43 3,990 

[0041] As shoWn in FIG. 1, immediately after the produc 
tion, the PEDOT/PSS ?lm had a ?lm thickness of 2.0103 um 
and a sheet resistance of 4><104 to 2><105 9/ square, Whereas 5 
hours after immersing in the ionic liquid, the PEDOT/PSS 
?lm had a ?lm thickness of 1310.2 um and a sheet resistance 
of about 2.0:0.4><102 Q/square. Therefore, the sheet resis 
tance decreased by 2 digits or more. The ?lm thickness and 
the sheet resistance almost did not change even after a process 
time of longer than 5 hours. The conductivity increased by 
about 3 digits as shoWn in Table 1, and thus the conductivity 
Was remarkably enhanced With the change in the ?lm thick 
ness and the sheet resistance. 

Example 2 

[0042] The immersion processing Was performed in the 
same manner as Example 1 except for setting a processing 
temperature of processing the PEDOT/PSS ?lm by using the 
ionic liquid (HMImI) to room temperature and setting an 
immersion processing time to 6 days, and thus the ?lm thick 
ness and the sheet resistance of the conductive ?lm Were 
measured before and after being brought into contact With the 
ionic liquid. A ?lm forming method of the PEDOT/PSSS ?lm 
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Was the same as that in Example 1. The measurement result 
(the average value of three samples) of the ?lm thickness, 
sheet resistance, and conductivity is shoWn in Table 2. 

TABLE 2 

Time/ Film Sheet Conductivity/ 
day thickness/pm resistance/(Q/sq.) (S/cm) 

0 3.8 2.43 ><105 10.9 
6 2.4 83.3 5,260 

[0043] Even in case of the immersion processing at room 
temperature, the conductivity Was remarkably enhanced. 
That is, in Example 2, the conductivity after immersing the 
conductive ?lm in the ionic liquid for 6 days Was enhanced up 
to 500 times as shoWn in Table 2. 

Example 3 

[0044] The immersion processing Was performed in the 
same manner as Example 1 except for setting the processing 
temperature of processing the PEDOT/PSS ?lm by using the 
ionic liquid such as the HMImI, bis(tri?uoromethane sulfonic 
acid)imide 1-ethyl-3-methylimidaZolium (EMImTFSI), or a 
10:1 mixture of the HMImI and the iodine (I2) to the room 
temperature and setting the immersion processing time to 40 
hours, and thus the ?lm thickness and the sheet resistance of 
the conductive ?lm Were measured before and after being 
brought into contact With the ionic liquid. A ?lm forming 
method of the PEDOT/PSSS ?lm is the same as that in 
Example 1 . The measurement result (the representative value 
of one sample) of the ?lm thickness, sheet resistance, and 
conductivity is shoWn in Table 3. 

TABLE 3 

Ionic liquid Sheet resistance (Q/sq.) 

None 1.6 X 105 
HMImI 2.9 X 102 
HMImI + 12 1.1><102 
EMIrnTFSI 1.4 X 104 

[0045] When the EMImTFSI Was used as the ionic liquid 
and in addition, the mixture of the HMImI and the iodine Was 
used as the ionic liquid, the sheet resistance decreased greatly. 
In other Words, after the conductive ?lm Was immersed in the 
ionic liquid for 40 hours, the conductivity Was enhanced. 

Example 4 

[0046] Production of the PEDOT/PSS ?lm Was performed 
by a spin coat method (2,500 revolutions per minute, 30 
seconds). After a glass Was spin-coated With the ?ltrate 
obtained by ?ltrating the Water dispersion liquid (produced 
by Aldrich) of the PEDOT/PSS With the cellulose acetate 
?lter (0.8 pm), the glass spin-coated With the ?ltrate Was dried 
for 15 minutes or more at room temperature and then, it Was 
heat-treated for 15 minutes or more at 850 C., thereby obtain 
ing the PEDOT/PSS ?lm. The operation Was repeated 3 times 
so as to produce a PEDOT/PSS ?lm having a ?lm thickness of 
0241004 um. Moreover, the ?lm thickness obtained by the 
spin coat method is approximately 1/10 the ?lm thickness 
obtained by the cast method described in Example 1. 
[0047] The immersion processing Was performed in the 
same manner as Example 1 except for setting the processing 
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temperature of processing the conductive ?lm to the room 
temperature and setting the immersion processing time to 7 
days, and thus the sheet resistance of the conductive ?lm Was 
measured before and after being brought into contact With the 
ionic liquid. The measurement result (the average value of 
three samples) of the sheet resistance is shoWn in Table 4. 

TABLE 4 

Ionic liquid Sheet resistance (Q/sq.) 

None 3.93 X 104 
HMImI 3.99 X 103 
EMIrnTFSI 7.36 X 103 

[0048] Even When the PEDOT/PSS ?lm (having the ?lm 
thickness of 0241004 um) formed by the spin coat method 
Was used as the conductive ?lm, the sheet resistance 
decreased greatly. In other Words, after the conductive ?lm 
Was immersed in the ionic liquid for 7 days (for 1 Week) at 
room temperature, the sheet resistance decreased by one 
digit, and thus the conductivity Was enhanced. 

Comparative Example 1 

[0049] The ?lm forming of the PEDOT/PSS ?lm Was per 
formed by the spin coat method in the same manner as 
Example 4. The immersion processing (for 1 Week at room 
temperature) Was performed in the same manner as Example 
4 except that the immersion processing is performed by using 
Water, acetonitrile (AN), ethylene carbonate (EC), or toluene 
(Toluene) instead of the ionic liquid described in Example 4, 
and thus the sheet resistance of the conductive Was measured 
before and after being brought into contact With the ionic 
liquid. The measurement result (the average value of three 
samples) of the sheet resistance is shoWn in Table 5. 

TABLE 5 

Liquid Sheet resistance (Q/sq.) 

None 3.93 X 104 
AN 4.49 X 104 
EC 5.47 X 104 
Toluene 1.57 x 105 

[0050] When the conductive ?lm Was immersed in an 
organic solvent (acetonitrile, ethylene carbonate) or a nonpo 
lar solvent (toluene) having high polarity frequently used in 
electrochemistry, the sheet resistance did not almost change 
or the sheet resistance rather increased, Whereas the sheet 
resistance of the conductive ?lm decreased by using the ionic 
liquid. Moreover, When the conductive ?lm Was immersed in 
the Water, the PEDOT/PSS ?lm Was easily desorbed from the 
glass, and thus it Was dif?cult to measure the sheet resistance. 

Comparative Example 2 

[0051] The ?lm forming of the PEDOT/PSS ?lm Was per 
formed by the spin coat method in the same manner as 
Example 4. The immersion processing (for 5 hours at 85° C.) 
Was performed in the same manner as Example 1 except that 
the immersion processing Was performed by using a dilute 
solution (a concentration of 0.2 mol/dm3) of the HMImI, 
EMImTFSI, or acetonitrile (AN) of lithium perchlorate 
(LiClO4) instead of the ionic liquid described in Example 1, 
and thus the sheet resistance of the conductive ?lm Was mea 
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sured before and after being brought into contact With the 
ionic liquid. The measurement result (the average value of 
three samples) of the sheet resistance is shoWn in Table 6. 

TABLE 6 

Liquid Sheet resistance (Q/sq.) 

None 1.61 X 105 
HMImI dilute solution 2.09 x 105 
EMIrnTFSI dilute solution 2.72 X 105 
LiClO4 dilute solution 6.11 ( 104 

[0052] When the conductive ?lm Was processed With the 
dilute solution of the ionic liquid (HMImI or EMImTFSI) or 
the dilute solution of the inorganic ion pair (LiClO4), the sheet 
resistance did not almost change, Whereas When the conduc 
tive ?lm Was processed With a pure ionic liquid, the sheet 
resistance decreased as described in each of the examples. 

INDUSTRIAL APPLICABILITY 

[0053] Embodiments of the embodiment may be used for 
almost all electronic devices including a photoelectric con 
version element, an electroluminescence, a sensor, a con 
denser, and the like. 

1 . A conductive material prepared by a process comprising: 
obtaining a 7n conjugated polymer, 
obtaining an ionic liquid, 
contacting the at conjugated polymer With the ionic liquid, 

and 
Washing the conductive material With an organic solvent, 
Wherein the conductivity of the conductive material is 10 

times or more of the conductivity of the at conjugated 
polymer before being brought into contact With the ionic 
liquid. 

2. The conductive material according to claim 1, Wherein: 
the at conjugated polymer is formed from a salt of poly 

(3,4-ethylenedioxy thiophene) and poly (styrene 
sulfonic acid); and 

the ionic liquid is selected from 1-hexyl-3 -methylimidaZo 
lium iodide, 1-ethyl-3-methylimidaZolium bis(tri?uo 
romethane sulfonic acid) imide, and a 10:1 mixture of 
the 1-hexyl-3 -methylimidaZolium iodide and iodine. 

3. The conductive material according to claim 1 further 
prepared by: 

drying the conductive material. 
4. A conductive ?lm prepared by a process comprising: 
obtaining a 7n conjugated polymer ?lm, 
obtaining an ionic liquid, 
contacting the at conjugated polymer ?lm With the ionic 

liquid; and 
Washing the at conjugated polymer ?lm With an organic 

solvent, 
Wherein the sheet resistance of the conductive ?lm is 0.1 

times or less of the sheet resistance of the at conjugated 
polymer ?lm before being brought into contact With the 
ionic liquid. 

5. The conductive ?lm according to claim 4 Wherein: 
the at conjugated polymer ?lm is formed from a salt of poly 

(3,4-ethylenedioxy thiophene) and poly (styrene 
sulfonic acid); and 

the ionic liquid is selected from 1-hexyl-3 -methylimidaZo 
lium iodide, 1-ethyl-3-methylimidaZolium bis(tri?uo 
romethane sulfonic acid) imide, and a 10:1 mixture of 
the 1-hexyl-3 -methylimidaZolium iodide and iodine. 
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6. The conductive ?lm according to claim 4 further pre 
pared by: 

drying the conductive ?lm. 
7. The conductive material according to claim 1, Wherein 

the ionic liquid has redox potential levels Which do not cause 
oxidation or reduction of the at conjugated polymer. 

8. The conductive material according to claim 1, Wherein 
the volume of the at conjugated polymer after being contacted 
With the ionic liquid is smaller than the volume of the at 
conjugated polymer before being brought into contact With 
the ionic liquid. 
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9. The conductive ?lm according to claim 4, Wherein the 
ionic liquid has redox potential levels Which do not cause 
oxidation or reduction of the at conjugated polymer ?lm. 

10. The conductive ?lm according to claim 4, Wherein the 
?lm thickness of the at conjugated polymer ?lm after being 
contacted With the ionic liquid is smaller than the ?lm thick 
ness of the at conjugated polymer ?lm before being brought 
into contact With the ionic liquid. 

* * * * * 


