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Gold Nanonetworks on a Flexible Polyimide Substrate
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Abstract — By using a simple solution based method, gold nanonetworks which are randomly distributed gold nanow-
ires arrays were synthesized. After APTMS (3-aminopropyltrimethoxysilane) treatment, adhesion of gold nanonetworks
with 10-15 nm diameters to the substrate was greatly enhanced. Density of gold nanonetworks increased with number of
coating, and uniformly coated nanonetworks were connected physically and electrically. Gold nanonetworks deposited
on the flexible polyimide substrate shows constant electrical conductivity for physical bending of the substrate.
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Fig. 1. SEM images of (a) isolated Au nanowire, and (b) Au nanow-
ire networks. (c) TEM image of isolated Au nanowires, and
(d) SAED (selected area electron diffraction) pattern of Au
nanonetwork.

temge] TEM 9 SEM o]w| A& YEbdith, 3% 5 Y] £
2 10~15 nm, & el o] dof= oF 1 umo| itk 7138e] 9
o] 2 A| 3k o] JYeH FETES o Ui AR A=
I5 T332 EASTHFig. 1(b)). Fig. 1(d)¢] SAED (selected area
electron diffraction) S¥1-S- F3l], & Y=g A7l (111), (200),
(220), (311) WO FAE|o] §I5-E 1% = SQlt}. o]& F3lo]
= U2 Z7F 5317 Weko g Ak oA (single crystal)
thedo] Ao} o] Folf5S f53l & 5 AAtH20-21].
TAE = e 7)) A3 AdskE e A 2AHE A
a5 fIstod, 71e] A& E291 APTMS A2 oo uh&
e w9 A giFo] AUk APTMS S Ak
[(CH;0);-Si(CH,);NHCH,CH,NH,]® 24| 22} 739 g % 22
HE-A]7] (methoxy group, CH;0-)7} $IX8kaL thE o & 22 =
ZAsteo] 73t o1 7] (amino group, -NH)E FAE = ©]2-§-
(bifunctional) F-2Fo]TH18]. APTMS & & %F3}9] Si0, F&
Polyimide ¥ ¢f| &=A8= ~OH(hydroxyl group)s APTMSZ T
sfo] 7]3dell APTMSE 5§21 = 9laL 71 A3 APTMS7} 8%
719 e S T Aol At opl iy = X &E < Stk
[22]. Fig. 2= APTMS *2]® 7|9} APTMS #2]7} E]A] g2 7]
e 7 W S B $ 7dxe B59] SEM ofu|o]t}.

o flo £

r

RO

Fig. 2. SEM images of Au nanonetworks on SiO,/Si substrate which is
treated (a) with APTMS, and (b) not with APTMS.
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Fig. 3. SEM images of Au nanonetworks immersed in the solution
for 8 hrs (a) 1, (b) 2, (c) 3, and (d) 4 times.

Fig. 4. (a) Optical image and (b) SEM image of Au nanonetworks
between 2 Ti/Au pads.
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Fig. 5. Photograph of bent flexible PI substrate on which Au nanonet-
works are coated.
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Fig. 6. Current-voltage characteristics of Au nanonetworks on flat
(black), bent (red), and flat after bent (blue) PI substrate.

ste] Z7tel] nlelslol M5 gho] Z718R= 21 (ohmic) 43S et
v, ol =4 =0k = et Afolel] =8 S0 R Q1%
EAA A nlebe] EejA] H7]2 0% AAE o]
o= 2mlgitt. P19l 719l SaHE o i 71 9ke] el
stoll ¥ gl 7] WS vehdigdt.

4.4 £

o] hatal BAAQ g SIS o]-88lof 80 °CellA

AlE 10~15 nm8] = the'do] ]It} 713e] APTMS A&
S3te] 719t 5 e Aol o] AR S A I T AN
o, 71l IRE 5 g 319 Sleee] Slel weh Srbe
5 VRERASIEE. Z1sel] gk %;ﬂ e A,
7140 ® A48 FefE AWch PLAA 712l S o vt
= ] A, TR, RS 11{1 Zgefel Lt x471
ARAE el om, § 2ate] 54 15 & 28 7S
5.

& A

o] =2 2012 % AR @SB o] A o AT
9] g whot raE 7|2 A7 A Y THNo. 2012R1A1B4002649).



M

=3

I

. Lu, X. and Xia, Y., “Electronic Materials: Buckling Down for
Flexible Electronics] Nat. Nanotechnol., 1, 163-164(2006).

. Sun, Y. and Rogers, J. A., “Inorganic Semiconductors for Flex-
ible Electronics, Adv. Mater., 19(15), 1897-1916(2007).

. Kim, D., Ahn, J., Choi, W. M., Kim, H., Kim, T., Song, J.,
Huang, Y. Y., Liu, Z., Lu, C. and Rogers, J. A., “Stretchable and
Foldable Silicon Integrated Circuits; Science, 320, 507-511(2008).

. Shin, G. and Ha, J. S., “Fabrication of Flexible Passive Matrix
by Using Silicon Nano-ribbor} Korean Chem. Eng. Res.(HWA-
HAK KONGHAK), 49(3), 338-341(2011).

. Hahn, Y., “Zinc Oxide Nanostructures and Their Applications}
Korean J. Chem. Eng., 29(9), 1797-1813(2011).

. Viventi, J., Kim, D., Vigeland, L., Frechette, E. S., Blanco, J. A.,
Kim, Y., Avrin, A. E., Tiruvadi, V. R., Hwang, S., Vanleer, A. C.,
Waulsin, D. F., Davis, K., Gelber, C. E., Palmer, L., Spiegel, J. V.
D., Wy, J.,, Xiao, J., Huang, Y., Conteras, D., Rogers, J. A. and
Litt, B., Wu, Y.-F.,, Kapolnek, D., Ibbetson, J. P., Parikh, P.,
Keller, B. P. and Mishra, U. K., “Flexible, Foldable, Actively Mul-
tiplexed, High-density Electrode Array for Mapping Brain Activ-
ity in vivo) Nat. Neurosci., 14, 1599-1605(2011).

. Rothberg, J. M., Hinz, W., Rearick, T. M., Schultz, J., Mileski,
W., Davey, M., Leamon, J. H., Johnson, K., Milgrew, M. J.,
Edwards, M., Hoon, J., Simons, J. F., Marran, D., Myers, J. W.,
Davdson, J. F., Branting, A., Nobile, J. R., Puc, B. P, Light, D.,
Clark, T. A., Huber, M., Branciforte, J. T., Stoner, 1. B., Cawley,
S. E., Lyons, M., Fu, Y., Homer, N., Sedova, M., Miao, X.,
Reed, B., Sabina, J., Feierstein, E., Schorn, M., Alanjary, M.,
Dimalanta, E., Dressman, D., Kasinskas, R., Sokolsky, T., Fidanza,
J. A., Namsarev, E., Mckernan, K. J., Williams, A., Roth, G. T. and
Bustillo, J., “An Integrated Semiconductor Device Enabling Non-
optical Genome Sequencing, Nat., 475, 348-352(2011).

. Venkatesan, B. M. and Bashir, R., “Nanopore Sensors for Nucleic
Acid Analysis, Nat. Nanotechnol., 6, 615-624(2011).

. Zhou, L., Wanga, A., Wu, S., Sun, J. and Park, S., “All-organic
Active Matrix Flexible Display, Appl. Phys. Lett., 88, 083502
(2006).

10. Kim, Y. S., “Microheater-intergrated Single Gas Sensor Array

11.

Chip Fabricated on Flexible Polyimide Substrate] Sens. Actua-
tors B-Chem., 114, 410-417(2006).

Engel, J., Chen, J. and Liu, C., “Development of Polyimide Flexi-
ble Tactile Sensor Skin; J. Micromech. Microeng., 13, 359-366
(2003).

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

295

Nakamura, Y., Suzuki, Y. and Watanabe, Y., “Effect of Oxygen
Plasma Etching on Adhesion Between Polyimide Films and
Metal}’ Thin Solid Films, 290-291, 367-369(1996).
Lommatzshch, U., Pasedag, D., Baalmann, A., Ellinghorst, G.
and Wagner, H., “Atmospheric Pressure Plasma jet Treatment of
Polyethylene Surfaces for Adhesion Improvement, Plasma Pro-
cess Polym., 4, S1041-S1045(2007).

Yun, H. K., Cho, K., Kim, J. K., Park, C. E., Sim, S. M., Oh, S.
Y. and Park, J. M., “Adhesion Improvement of Epoxy Resin/
Polyimide Joints by Amine Treatment of Polyimide Surface;
Polymer, 38(4), 827-834(1997).

Seol, Y. G, Lee, N.-E., Park, S. H. and Bae, J. Y., “Improvement of
Mechanical and Electrical Stabilities of Flexible Organic Thin
Film Transistor by Using Adhesive Organic Interlayet,; Org. Elec-
tron., 9, 413-417(2008).

Kim, D. and Rogers, J. A., “Stretchable Electronics : Materials
Strategies and Devices, Adv. Mater., 20, 4887-4892(2008).
Shin, G, Bae, M. Y., Lee, H. J., Hong, S. K., Yoon, C. H,, Zi, G,
Rogers, J. A. and Ha, J. S., “SnO, Nanowire Logic Devices on
Deformable Nonplanar Substrates, ACS nano, 5(12), 10009-10016
(2011).

Sato, T., Brown, D. and Johnson, B. F. G., “Nucleation and
Growth of Nano-Gold Colloidal Lattices; Chem. Commun., 1007-
1008(1997).

Daniel, M. and Astruc, D., “Gold Nanoparticles : Assembly,
Supramolecular Chemistry, Quantum-size-related Properties, and
Applications Toward Biology, Catalysis, and Nanotechnology,’
Chem. Rev., 104, 293-346(2004).

Pei, L., Mori, K. and Adachi, M., “Formation Process of Two-
dimensional Networked Gold Nanowires by Citrate Reduction
of AuCl,” and the Shape Stabilization} Langmuir, 20(18), 7837-
7843(2004).

Vasilev, K., Zhu, T., Wilms, M., Gillies, G., Lieberwirth, 1., Mit-
tler, S., Knoll, W. and Kreiter, M., “Simple, One-step Synthesis
of Gold Nanowires in Aqueous Solution, Langmuir, 21(26),
12399-12403(2005).

O’mahony, T., Owens, V. P., Murrihy, J. P., Guihen, E., Holmes,
J. D. and Glennon, J. D., “Alkylthiol Gold Nanoparticles in Open-
tubular Capillary Electrochromatography, J. Chromatogr. A, 1004,
181-193(2003).

Azulai, D., Belenkova, T., Gilon, H., Barkay, Z. and Markovich,
G, “Transparent Metal Nanowire Thin Films Prepared in Meso-
structured Templates, Nano Lett., 9(12), 4246-4249(2009).

Korean Chem. Eng. Res., Vol. 51, No. 2, April, 2013




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


