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Abstract: This study examines a manufacturing process for the photoelectrode material of dye-sensitized solar cell (DSSC)

intending to increase efficiency through the surface plasmon resonance phenomenon of nanoparticles with a composite structure

made of Ag and TiOz. This invention involves the use of Ag and TiOz nanoparticles in the solar cell. These nanoparticles cause

surface plasmon resonance, which amplifies and scatters incident solar energy, enhancing the dye’s rate of light absorption. It

also makes it possible to absorb energy in wavelength ranges that were previously difficult to do, which increases efficiency.

Centrifugal separation and heat synthesis are used to create the composite metal structures, and certain combinations are used to

decide the particle morphologies. To increase the efficiency of organic solar cells and DSSC, the Ag/TiO2 composite structure

is therefore quite likely to be used.
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Fig. 1. FE-SEM image of Ag/TiOz composite: (a) Ag(1)/TiO2(100), (b) Ag(10)/TiOx(100), (c) Ag(1)/TiO2(200), and (d) Ag(10)/TiO(200).
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Fig. 2. XRD patterns of Ag/TiO> composite.
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Table 1. The particle size calculated from XRD data using Scherrer ARl w3 % Boj2H Ti 2ps2 E Ti 2p12 SEIS YUEF
equations. HCH = o] 3 Ato] 9] A2i(5.7 eV) <} BERIF ol U A= TiO;
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Fig. 3. XPS spectrum of (a) the full XPS spectrum Ag(1)/TiO2(100), Ag(10)/TiO2(100), TiO2, composite NPs, (b) O 1s, (c) Ti 2p, (d) Ag 3d
of Ag(1)/Ti02(100), and (e) Ag 3d of Ag(10)/TiO2(100).
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Fig. 4. HR-TEM image and EDAX element mapping images of Ag/TiO> composite: (a) TEM image, (b) magnified TEM image, and (c) TEM-

EDAX element mapping image of Ag/TiO2 composite.
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Fig. 5. UV-vis absorption spectra of TiO2 and Ag(10)/TiO2(100)
NPs.

T3 4% 94 ARolA LSPR 2 1hE 71 Rake 271
olat 733t Ag(l >/Tloz(1oou NPs 22 HR-TEMZ
o] gsto] 2 9 Ao B3 AL AR

NP—J APo] 2= 9F 20 nmE 2}01QL
F10 nm=2 2QIE] SEM image 91 2
e S Uehdct TEM-EDAX elemental

Al

B2 2ls] B9 t}49] Age} TIO, NPs 1

overlay ™ E
Ao Ag YALHETE U2 F

2ol AAH RS Y & 2
o] TIOy7} EAate 2 &9lstgirt.

TiO.2} Ag(10)/TiO,(100) NPse] UV-Vis 55
28 73 5o YERH I TiO, Y B 7hr] LA
FAoA ML= S s EHATH 400 nm o]ste]
chutabo| Al MR} valance bandoA] conduction
band2 X&st7] ool 54 F=7F 5716t &4
TiO, Y Bt gfx& o2 Ag(10)/TiO(100) NPs=
red shifto]] T2 Au}Ar o 2 o5 S5 ENS

Holon o= Ag NPs 7t= QI9h LSPR awtof] 7]1&
4 Ao} [19].

AHE
nEe

a.18E
Ag NPs®} TTBS 0] 83t 2 EAH O 2 Ag/TiO, NPs
compositeg A|EsHe o Qo] WAL wet A ot

Z

2 Hi5}s}o] 3149 AR5 T} Microscopy ©] 0] |2 &F
oI5t A}t 31 w7t Ara gt mat NPse] 27]9F WAl
=7t ARlE Ag st X HRAHS Fol



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 2, pp. 202-207, March 2024: Kang et al.

TIO; anatase phase®} Ag B +0] AA Aol £ &
UA| &gfol =2 Ag(10)/TiO2(100), Ag(10)/TiO,
Ao g SISt e A & 2E S &l A
= TEAIAE 5 AL AR Zr]et e E
EE=100C 522884 et AAESH F R
c}. XPS BA2 &3] Ag/TiO, T2 &gt
Ag(10)/Ti05(100)0)| A peak shiftingo] &S
5t 1, UV-Vis spetroscopy S Edfl 52+
1} 1 3.9] red shift7} WAiste] Aot o
E7F Zoiilof w2t LSPR 53t HA1Y 4~
ot o o]213t composite RS 85t
3 HIAR Y FHAT aRjet FEFu=A o
ggo] 7t Ao 7|tH.

B
Yy
rlo

200

—
=

Ga
oX

rlr

o R AT 19
e oy

o
b4

)
- jo il
19 oo M ol mY S & i rlo ox P¥

u o
P

ok ffo
ofr
ol

18 m

2Ese o
o fu
1

Ol
= 0
e o

o O oo -

o
e

ORCID

Kyungho Kang https://orcid.org/0009-0003-9620-1068

REFERENCES

[11 X. G. Zhao, E. M. Jin, and H. B. Gu, J. Korean Inst. Electr.
Electron. Mater. Eng., 24,427 (2011).
doi: https://doi.org/10.4313/JKEM.2011.24.5.427

[2] M. Diirr, A. Schmid, M. Obermaier, S. Rosselli, A. Yasuda, and
G. Nelles, Nat. Mater., 4, 607 (2005).
doi: https://doi.org/10.1038/nmat1433

[3] J. Xia, N. Masaki, K. Jiang, Y. Wada, and S. Yanagida, Chem.
Lett., 35, 252 (20006).
doi: https://doi.org/10.1246/c1.2006.252

[4] S.Y.Huang, G. Schlichthérl, A. J. Nozik, M. Gritzel, and A. J.
Frank, J. Phys. Chem. B, 101, 2576 (1997).
doi: https://doi.org/10.1021/jp962377q

[5] M. K. Nazeeruddin, P. Péchy, T. Renouard, S. M. Zakeeruddin,

207

R. Humphry-Baker, P. Comte, P. Liska, L. Cevey, E. Costa, V.
Shklover, L. Spiccia, G. B. Deacon, C. A. Bignozzi, and M.
Gritzel, J Am. Chem. Soc., 123, 1613 (2001).
doi: https://doi.org/10.1021/ja003299u

[6] K. Okada, H. Matsui, T. Kawashima, T. Ezure, and N. Tanabe,
J. Photochem. Photobiol., A, 164, 193 (2004).
doi: https://doi.org/10.1016/j.jphotochem.2004.01.028

[71 M. Gritzel, J. Photochem. Photobiol., C, 4, 145 (2003).
doi: https://doi.org/10.1016/S1389-5567(03)00026-1

[8] Z.Lin, X. Wang, J. Liu, Z. Tian, L. Dai, B. He, C. Han, Y. Wu,
Z. Zeng, and Z. Hu, Nanoscale, 7, 4114 (2015).
doi: https://doi.org/10.1039/C4NR06929C

[9] Y. Yoo andP. Mulvaney, J. Korean Ceram. Soc., 40,902 (2003).
doi: https://doi.org/10.4191/kcers.2003.40.9.902

[10] H.Y. Yang, S. H. Lee, H. M. Kim, X. H. Pham, E. Hahm, E. J.
Kang, T. H. Kim, Y. Ha, B. H. Jun, and W. Y. Rho, J. Ind. Eng.
Chem., 80,311 (2019).
doi: https://doi.org/10.1016/j.jiec.2019.08.009

[11] J. Qi, X. Dang, P. T. Hammond, and A. M. Belcher, ACS Nano,
5,7108 (2011).
doi: https://doi.org/10.1021/nn201808¢g

[12] T.Kiba, K. Masui, Y. Inomata, A. Furumoto, M. Kawamura, Y.
Abe, and K. H. Kim, Vacuum, 19, 110432 (2021).
doi: https://doi.org/10.1016/j.vacuum.2021.110432

[13] A.Ranjitha, N. Muthukumarasamy, M. Thambidurai, S. Agilan,
and R. Balasundaraprabhu, J. Mater. Sci.. Mater. Electron., 24,
553 (2013).
doi: https://doi.org/10.1007/s10854-012-0831-5

[14] S.Dey and S. C. Roy, Ceram. Int., 47, 14603 (2021).
doi: https://doi.org/10.1016/j.ceramint.2021.02.043

[15] H. Zhang, C. Liang, J. Liu, Z. Tian, G. Wang, and W. Cali,
Langmuir, 28, 3938 (2012).
doi: https://doi.org/10.1021/1a2043526

[16] F. C. Gennari and D. M. Pasquevich, J. Am. Ceram. Soc., 82,
1915 (1999).
doi: https://doi.org/10.1111/j.1151-2916.1999.tb02016.x

[17] H. Yin, K. Yu, C. Song, R. Huang, and Z. Zhu, ACS Appl. Mater.
Interfaces, 6, 14851 (2014).
doi: https://doi.org/10.1021/am501549n

[18] R. Sanjinés, H. Tang, H. Berger, F. Gozzo, G. Margaritondo,
and F. Lévy, J. Appl. Phys., 75, 2945 (1994).
doi: https://doi.org/10.1063/1.356190

[19] M. Taheri, F. Hajiesmaeilbaigi, A. Motamedi, and Y. Golian,
Laser Phys., 25, 065901 (2015).
doi: https://doi.org/10.1088/1054-660X/25/6/065901




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /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
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


