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Abstract: In this study, Iron (III) oxide-hydroxide (3-FeOOH) was successfully synthesized using hydrogen peroxide (H20z2) as

an oxidizing agent. The synthesis of 6-FeOOH was carried out by controlling the amount of H202, and pure 3-FeOOH was

successfully synthesized in ranges from 0.2 mL to 0.6 mL of H20x. The size of the synthesized 6-FeOOH particles was compared

by controlling the amount of oxidant H2O:. The average particle size of the synthesized pure 6-FeOOH particles increased from
875.1 nm to 897.2 nm as the amount of H2O2 was increased. The optical properties of 8-FeOOH synthesized under these specific

conditions were investigated. All 5-FeOOH showed a similar trend of increasing and decreasing light absorption from 800 nm

to 400 nm, although there was a slight difference in the amount of light absorption, with the largest amount of light absorption
at 410 nm. The band gap energy of 8-FeOOH through the Tauc plot method was about 2.1~2.2 ¢V when H202 was 0.2~1.4 mL.
With a sufficient small particle size, simple control of that particle size, and a small band gap energy enough to absorb light in

the visible spectrum, 6-FeOOH could be useful in a variety of applications, including photoelectrochemistry and battery

electrodes.
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Table 1. Different amounts of hydrogen peroxide as oxidizing agent.

Oxidizing agent mL
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H202 (30%)
1.0
1.4
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- —_—
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Fig. 1. Schematic diagram of 5-FeOOH synthesis procedure.
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Fig. 2. XRD diffraction patterns of as-synthesized powder based on
the amount of H20x.
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Fig. 3. Crystallite size according to H2O2 amount.
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Fig. 4. DLS analysis of as-synthesized 6-FeOOH for particle size: (a) 0.2 mL, (b) 0.6 mL, (c) 1.0 mL, and (d) 1.4 mL of H2O2 amount.
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Fig. 5. (a) Absorbance of 6-FeOOH with H2O: adjustment from 0.2 to 1.4 mL and (b) optical band gap energy of 5-FeOOH using Tauc plot

method.
T AR 2719 R T v st H S UEICH sHAI g
AR Ht A7 27|12 1514 (a)~(d) 2H2F 875.1 nm,

897.2 nm, 873.9 nm, 899.2 nmS UERHC} o]7le ¢
I 304 BoIE A 3719 M5k}t JAISH S &
2 T} 6-FeOOH UAF &g 27 Foll A 4FshA| 2] ol
7SS W2 JRPZF AB/JE o] 277t Eols Aol
AL RO HoOp7t 571245 LA 27]+= S71stiTh

o+ W2 %‘KP} AgElo] 22 Qs YA 0% A
9h3-& Wol doA AR 717t AR ZHE YEY
Al =it

2 Aol A /g 6-FeOOH v ARt FatA £
< YolE7] 95ty UV-Vis FeEL7|E o] &l
400~800 nmo] HYoA SL == 545t 18 5(a)
2 wo o] mato] 7kAsto| Wl R E §-FeOOHO] m}

=2 53

Aro]

o A 0]
7}iE E_l“)\k

ofl &

27t e o olei dat
. P E §-FeOOHE= 2% 600 nm F

o] Z7t517] AlAFSEI AL 410 nm —l“_l'_"oﬂ
o] |7t & ich. o] Ai}ofA| 6-FeOOH
of WHSE T FAIFAIOA] U WSS
Ict. 23 5(0)% (a)8 o83l Taue
2 §-FeOOHO] atd We 7 o]
H,0,7} 0.6 mLoj| A $+d % 6-FeOOHQ] vi= 74
37]=2.1eVo]x2 0.2 mL, 1.0 mL, 1.4 mLojjA] g d=
5-FeOOHO] ¥l 71 37]= oF 2.2 eVo|ct A= 12l 5
+ H 104 Bl Hy020] W oA &/dH 6-FeOOH+=
PR SR FoT0] W 4 Arks A U

wic}.

0:;
r
D'.

O

_

o ¥

Lo

I 4> oo
+h Ok oy >
OE

e
rﬁl

ko 2>
12 ye ye
s o
(@]

mlo = oo alor

§=)
19
o
ol
o ok
o
ol

4.4

rh

6-FeOOH &7 & AfetAl 9¥2 st= H:0.71 §73¢
QAL 27]0] oj W WatE u]x]L=A] Lobwotct, UA] §-
FeOOH 20| A=z FGE A=A dotrr] Aot
XRDE o]gsto] &3 £ 274742 6-FeOOH 2%
gt vlash 2ottt dpiteta 47t 0.2 mLoj|A] 1.4 mL7t
Rlo] Helol A AgH 0 2 §-FeOOH7} LA = UA|gH 1.0
mL OJAM Y Bl = oF7to] B4 2 ¢ Zho| SHA =T e B A

715 53l §44 ¥ 6-FeOOHO] YAt 37]] wists was
of. dpateta4710.2~0.6 mL 9 ol A= H0, Fol A2
22 QIALY] 27] £71619 T 1.0 mLAINE YRR} 3
717} 24 ATE 1.4 mL7kR] O] £7Fs1A) Bk 57}
Ho 2 Ysheyr)g ol-gsto] s 6-FeOOHS] st
A EA g oty ottt & 6—FeOOHb 600 anﬂi\i
410 nm BEE71X] 28599 = e 9 1 o] = §-
FeOOH7} PAVSEUZS KRR _/'\_s A olq‘— 719 ¥

m\ol-

ol

9lct. Tauc plot B2 Z35} §-FeOOHS] HIE 78 ofj4
Kl 3712 38t} H,027F 0.2 mLolA 1.4 mL7HR] 9]
W ool A 3144 % §-FeOOHO] Bt 78 37|%= oF 2.1~2.2
eVS LERRTH L 0]E of A2 )

A} Aol z o} 2HErE Q)
A 27) 27, 7R S F4at7l0] 2s] Ahe W

oUxlE 7Hdl 6-FeOOHE ZAAsLeL, viEe] A2 S
Chokst opo 4 -8 Zlojata o it}

u
= 7

rOl'

ORCID

Jeongsoo Hong https://orcid.org/0000-0002-5946-7815



296

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 3, pp. 292-296, May 2024: Shin et al.

ZAtel 2

o] AL 2023UE AFAEARILE @ Atd 7|47}
2 A(KEIT) A78] A AR
HE Y RAIG SRS

(RS-2023-00227306) & 2022
)2 AU o= t=mAA7 |24 S

=

o] Ald S ot 38 A+-U(P0012451, 20221 4H
A ARG EAT L ALA).

(1]

(2]

(3]

(4]

(5]

[6]

(7]

(8]

O o pid

REFERENCES

X. Song and J. F. Boily, Environ. Sci. Technol., 47,9241 (2013).
doi: https://doi.org/10.1021/es4020597

T. Ishikawa, S. Miyamoto, K. Kandori, and T. Nakayama,
Corros. Sci., 47,2510 (2005).

doi: https://doi.org/10.1016/j.corsci.2004.10.016

A.N. Christensen, T. R. Jensen, C.R.H. Bahl, and E. DiMasi, J.
Solid State Chem., 180, 1431 (2007).

doi: https://doi.org/10.1016/j.jss¢.2007.01.032

J. Fan, Z. Zhao, Z. Ding, and J. Liu, RSC Adv., 8, 7269 (2018).
doi: https://doi.org/10.1039/C7TRA12615H

X. Liu, G. Qiu, A. Yan, Z. Wang, and X. Li, J. Alloys Compd.,
433,216 (2007).

doi: https://doi.org/10.1016/j.jallcom.2006.06.029

X. Wang, X. Chen, L. Gao, H. Zheng, M. Ji, C. Tang, T. Shen,
and Z. Zhang, J. Mater. Chem., 14, 905 (2004).

doi: https://doi.org/10.1039/B310722A

W. D. Chemelewski, H. C. Lee, J. F. Lin, A. J. Bard, and C. B.
Mullins, J. Am. Chem. Soc., 136, 2843 (2014).

doi: https://doi.org/10.1021/ja411835a

H. Liu, H. Guo, P. Li, and Y. Wei, J. Phys. Chem. Solids, 70,
186 (2009).

doi: https://doi.org/10.1016/j.jpcs.2008.10.001

(9]

(10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

I. V. Korolkov, A. A. Mashentseva, O. Giiven, D. T. Niyazova,
M. Barsbay, and M. V. Zdorovets, Polym. Degrad. Stab., 107,
150 (2014).

doi: https://doi.org/10.1016/j.polymdegradstab.2014.05.008

R. Nistico, Bol. Soc. Esp. Ceram. Vidrio, 60, 29 (2021).

doi: https://doi.org/10.1016/j.bsecv.2020.01.011

B. Xu and N. D. Chasteen, J. Biol. Chem., 266, 19965 (1991).
doi: https://doi.org/10.1016/S0021-9258(18)54877-8

S. Gu, Z. Yang, Z. Chen, H. Wang, H. Liu, W. Zhang, and C.
You, Fuel, 305, 121444 (2021).

doi: https://doi.org/10.1016/j.fuel.2021.121444

[.S.X. Pinto, P.H.V.V. Pacheco, J. V. Coelho, E. Loreng¢on, J. D.
Ardisson, J. D. Fabris, P. P. de Souza, K.W.H. Krambrock,
L.C.A. Oliveira, and M. C. Pereira, Appl. Catal., B, 119, 175
(2012).

doi: https://doi.org/10.1016/j.apcatb.2012.02.026

N. Murakami, T. Matsuo, T. Tsubota, and T. Ohno, Catal.
Commun., 12, 341 (2011).

doi: https://doi.org/10.1016/j.catcom.2010.10.012

M.C.S. Faria, R. S. Rosemberg, C. A. Bomfeti, D. S. Monteiro,
F. Barbosa, L.C.A. Oliveira, M. Rodriguez, M. C. Pereira, and
J. L. Rodrigues, Chem. Eng. J., 237,47 (2014).

doi: https://doi.org/10.1016/j.cej.2013.10.006

L. Hao, T. Zheng, J. Jiang, Q. Hu, X. Li, and P. Wang, Rsc Adv.,
5, 10723 (2015).

doi: https://doi.org/10.1039/C4RA11901K

J.M.R. Génin, C. Ruby, A. Géhin, and P. Refait, C. R. Geosci.,
338, 433 (2006).

doi: https://doi.org/10.1016/j.crte.2006.04.004

Y. Yoon, K. I. Katsumata, N. Suzuki, K. Nakata, C. Terashima,
K. H. Kim, A. Fujishima, and J. Hong, ACS Omega, 6, 30562
(2021).

doi: https://doi.org/10.1021/acsomega.1c04251




<<
  /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


