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Abstract Superhydrophilic thin film consisted of positively charged poly (allylamine hydrochloride) (PAH) and negatively
charged poly (acrylic acid) (PAA) was fabricated by a layer-by-layer (LBL) self-assembly. Glutaraldehyde (GA) was used
in order to increase an adhesion hardness by amine-aldehyde reaction. The surface morphology, thickness, transmittance,
water contact angle and adhesion hardness of PAH/PAA thin film with or without GA were measured. The adhesion
hardness of PAH/PAA thin film with GA deposition increased over 2 times although the film thickness of PAH/GA/PAA
decreased than that of PAH/PAA thin film. The increase of adhesion hardness by amine-aldehyde reaction between PAH
and GA was measured by fourier transform infrared (FT-IR) spectroscopy. Fabricated PAH/PAA and PAH/GA/PAA thin
films showed water contact angel under 5° and high transmittance over 91.3 % at 550 nm.
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Fig. 1. Schematic diagram for fabricating thin film by a layer-
by-layer self-assembly method.
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Fig. 2. FE-SEM images of PAH/PAA films as a function of
coating sequence with or without glutaraldehyde: (a) (PAH/
PAA),, and (b) (PAH/GA/PAA),, films.
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Fig. 3. AFM images of PAH/PAA films as a function of coat-
ing sequence with or without glutaraldehyde: (a) (PAH/PAA),,

and (b) (PAH/GA/PAA),, films.

PAHSIS] Aol o057 HW T utete] F= ¢

olx™, ¥ roughness®= Yo}ZIt}. Amine-aldehyde ®F
S I g8k Si 713 flel SFE uhake] FT-
IR spectrum= Fig. 49 YERAATE. (PAH/GA/PAA) Bf

010 e o PAHIPAA
—— PAHIGAIPAA

0.08

0.06

0.04

Absrobance

0.02

0.00

T T T T T T T T T
2000 1900 1800 1700 1600 1500 1400 1300 1200 1100 1000
Wavenumber({cm™)

Fig. 4. FT-IR spectra of PAH/PAA films with or without glut-
araldehyde.
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Fig. 5. Contact angles of fabricated thin film: (a) (PAH/PAA),,
and (b) (PAH/GA/PAA),,.
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Fig. 6. Transmittance of (PAH/PAA),, and (PAH/GA/PAA),, thin
films.

2o GASl o] wat 1635 cm oA imine =]
A3} 1627 cm oA amine ¥ 3e] 7HAE JERJTE

Scratch testerS ©]-&st] ¥ (PAH/PAA),, HHt
3} (PAH/GA/PAA),, 9Hte] W2 t== 742 oF 42 mN
I 114mNeZ GA HFo=z <la] YT rl 2.54)
ot F7FslAT). o] flelA El 33 Xe] amine-
aldehyde Whgoll eJsl whete] Zgteo] F7td Zlow
REa1=

AzH (PAH/PAA),, 222t (PAH/GA/PAA),, BHete
E A58 Fig. 59 JEMISITE. (PAH/PAA),, o]
HEZLS oF 5°) (PAH/GA/PAA)I0 vlete] HE7RS ©
35 el GA HZHdl| wet 1 HEZo] oF
TABRA R B 50 olgke] 234 vt BEAS
WSlth. (PAH/PAA),, 2F4+ (PAH/GA/PAA),, HHet
F3-82 Fig. 604 el & & gl%o] 7R3 99
N slide glasset #12] zfol7} Qe HE TS H
oLk AxzE (PAH/PAA),, BHHt (PAH/GA/PAA),,
dhake] &%, 38H4 A4S Table 19 893181t

=

Ll

o

4
2 o W N g

A9

4.2 B
A2 dQtellAl LBLHS o]8ste] Hslid Z2lw PAH/
PAAR 79 2314 vlaS Alzxzsct. dheke] Uzt

AEE 771 g GA &l HAEHY Az

Table 1

PAH/GA/PAA 8172 PAH®I GA Ate|2] amine-aldehyde
Hhgol ofsted Hhete] FAl= 9F 75 nmollAl 35 nm=E
AAE AR DHLE oF 42 mNoA] 114 mNo2 F7}
H Ak, ESE PAH/PAA dFate] Hlsted, 3 roughness
= AASIAL, TR 9 e fEl 71t sY
gt B3-S et 28EE 2 Fagd 92
A HES Zhe 2% PAH/GA/PAA HHR2 W2
gu, A Ao 24 g-8o] Z|thETh

¢

¢

R el

>

dAlel =2

B AFE 200895 FollvA7ed ke | Azt

A71ReAe] A Aol g Az e
FAG AR BY <iuzd Y Aste] A,

2k
ki
rat

[Lm

[1] W. Zhao, J.J. Xu and H.Y. Chen, “Electrochemical bio-
sensors based on layer-by-layer assemblies”, Elec-
troanalysis 18 (2006) 1737.

[2] F. Caruso, R.A. Caruso and H. Mdhwald, ‘“Nanoengi-
neering of inorganic and hybrid hollow spheres by col-
loidal templating”, Science 282 (1998) 1111.

[3] S.C. Olugebefola, W.A. Kuhlman, M.F. Rubner and
A.M. Mayes, “Photopatterned nanoporosity in polyelec-
trolyte multilayer films”, Langmuir 24 (2008) 5172.

[4] I Lee, J.S. Ahn and T.R. Hendricks, M.F. Rubner and
P.T. Hammond, “Patterned anc controlled polyelectrolyte
fractal growth and aggregations”, Langmuir 20 (2004)
2478.

[5] J.L. Stair, J.J. Harris and M.L. Bruening, “Enhancement
of the ion-transport selectivity of layered polyelectro-
lyte membranes through cross-linking and hybridiza-
tion”, Chem. Mater. 13 (2001) 2641.

[6] C.S. Peyratout and L. Daehne, “Tailor-made polyelectro-
lyte microcapsules: from multilayers to smart contain-
ers”, Angew. Chem., Int. Ed. 43 (2004) 3762.

[7]1 Y. Liu, A. Wang and R. Claus, “Molecular self-assem-
bly of TiO,/polymer nanocomposite films”, J. Phys.
Chem. B 101 (1997) 1385.

[ 8] J. Hiller, J.D. Mendelsohn and M.F. Rubner, “Revers-
ibly erasable nanoporous anti-reflection coatings from
polyelectrolyte multilayers”, Nature Materials 1 (2002)
60.

[9] G Decher, J.D. Hong and J. Schmitt, “Buildup of ultrathin
multilayer films by a self-assembly process: I1I. Conseq-

Properties of prepared PAH/PAA thin films as a function of coating sequence with or without glutaraldehyde

Coating sequence RMS roughness (nm) Contact angle (°) Transmittance at 550 nm (%) Friction force (mN) Film thickness (nm)

(PAH/PAA), 3.4 5 91.5
(PAH/GA/PAA),, 1.4 3 91.3

42 75
114 35




172

[10]

[11]

[12]

[13]

Jin-Ho Kim, Jonghee Hwang, Tae-Young Lim, Jang-Hoon Jang and Sae-Hoon Kim

utively alternating adsorption of anionic and cationic
polyelectrolytes on charged surfaces”, Thin Soild Films,
210/211 (1992) 831.

J.D. Mendelsohn, C.J. Barrett, V.V. Chan, A.J. Pal, A.M.
Mayes and ML.F. Rubner, “Fabrication of microporous
thin films from polyelectrolyte multilayers”, Langmuir
16 (2000) 5017.

S.S. Shiratori and M.F. Rubner, “pH-dependent thick-
ness behavior sequentially adsorbed layers of weak
polyelectrolytes”, Macromolecules 33 (2000) 4213.

D. Yoo, S.S. Shiratori and M.F. Rubner, “Controlling
bilayer composition and surface wettability of sequen-
tially adsorbed multilayers of weak polyelectrolytes”,
Macromoelcules 31 (1998) 4309.

R. Wang, K. Hashimoto, A. Fujishima, M. Chikni, E.
Kojima, A. Kitamura and M. Shimohigoshi, ‘“Photogener-
ation of highly amphiphilic TiO, surfaces”, Advanced

Material 2 (1998) 135.

[14] O. Carp, C.L. Huisman and A. Reller, “Photoinduced
reactivity of titanium dioxide”, Solid State Chem. 32
(2004) 33.

[15] P. Chrysicopoulou, D. Davazoglou, Chr. Trapalis and G.
Kordas, “Optical properties of very thin (< 100 nm) sol-
gel TiO,”, Thin Solid Films 323 (1998) 188.

[16] M. Takeuchi, T. Itoh and H. Nagasaka, “Dielectric prop-
erties of sputtered TiO, films”, Thin Solids Films 51
(1978) 83.

[17] K.S. Yeung and Y.W. Lam, “A simple chemical vapour
deposition method for depositing thin TiO, films”, Thin
Solids Films 109 (1983) 169.

[18] J.H. Kim and S. Shiratori, “Characterization of TiO,/
Polyelectrolyte thin film fabricated by a layer-by-layer
self-assembly method”, Jpn. J. Appl. Phys. 44 (2005)
7588.




<<
  /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 600
  /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 300
  /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 <>
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


