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LIF Detection of OH Radicals Produced by a Discharge
over Water Surface
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A possibility of LIF measurements for pulsed discharges over a water surface was investigated. A nozzle-to-plate
electrode system was used, where the tip of the nozzle was attached onto the water surface and plate electrode was
immersed in water. Pulsed discharge with positive polarity was generated and fine structures of the streamers such
as propagation characteristics and branching patterns were measured by an ICCD camera. Two-dimensional
distribution of the ground-state hydroxyl (OH) radicals was successfully observed by a single-shot LIF. It was found
that OH radicals stayed mainly in the region of the streamer propagation and the OH-LIF intensities decreased

gradually with time after the discharge pulse.
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and emission. (V=23 kV)
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Fig. 4 Typical streamer images over water surface.
(V=23 kV)
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Fig. 5 Optical emission spectrum of the pulsed

discharge over water surface. (V=27 kV)
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Fig. 6 Two-dimensional time-dependent LIF images of ground-state OH radicals produced by single pulsed discharge over water

surface. (top view, V=23 kV, Gate 100 ns)
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Fig. 7 Time evolution of (a) OH LIF intensity after the
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Table 1 Summary of the main reactions relating to OH
radicals in the pulsed discharge.

OH 7 Y NDAR
e+H,0 — H+OH+e (R1)
O('D)+H,0 — 20H (R2)
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OH 7 ¥ H IV DiEH
OH+OH+(M) — H,0,+(M) (R4)

OH+OH — H,0+0 (RS)
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OH+0 — 0,+H (R8)

M) X3 KIS DBER DD Z L &R

BETHY, 100 Tay OBRE{E THD. AN —<BNEE
T 5/ ANVEMITEE T LIF E5REILE<RoTWD. Fz,
B ELOBINEFEEEC OH O LIF {55508 X R e &
HITFI< TR > TN,

K 1IZOH 7 U HNVDOAR L WHIRIZRD 2 BN %
R L2 OH TP H VE IR F~DE T DELESR
BESOGRY) IV AERT D, OH 7 VD3 AERE 2
S TWAB KRS TIERMHPIAFTET 5 6 O LK DK
DTDOWHTNEZ HBND, MEEMKGET D L AKPEFEL T
W2 ZEPSBIE KM TIXENICHEET HKDT
DOPEFE L RIS EIREIC > T\ & Bbils. £7-,
BT O MBS TN 2 C, BBE DS EIC L 0 AL T
AT B EEFEIFE T ORNEIREE O(1 D) (il =R /L¥ — 1.97
eV) REFZOUELERIRIEN, (A’ (Fhlt=F /L —
6.7 V) 1%, X 51Z77R L7230k TRIRI S L= RO o fipik
TRAX—LY HIELS, THEHD OH T VA NERK~DE
HHZZ2H5N5R2, R3) . —F, KEBROEE, OH 7
T ATFRE S MIGRA-RS) ICX W HERET D EEZLND.

OH 7 UHNMPMERTAEMEEL, AT TN
KEHE (R 10 mg/L, A 220 mL) 273V A HiE & 5@ M
L7-FEBRTIE, OH 7Y H /A ® LIF M, R—HES:
BT DIREKDF AT 60% TH 72, HEIR
RICIEE AV EEERN N L2 EET D L, AR LT- OH
WA T 4 TH LI (CigHgN,Nay0gS,) DA FRIZBE 5 L T
WaHH0EBbins.

FEEIZ XV IKEIZH > TA F VAN FHEAEL TWDHTZ®,
KE DB E 7=, F72, AP TidsdinsE s Tn
5. ZRSHNUOIERICOWTIE, BEAFEMIME 5T
ETHD. IHIT, BT ADBREIZONTHIH NN E
DdH5.

4. FEOH
K _ECOEMmMSE SV AEEBEIL, A% 35 OH 7
H® LIF B LA AT 7.

# 1% (2010)

TNy ay RO LIF TR0/ IV AREIC L 5K
TOREIRIED OH T VA0 2 IRTEDHNY TV Z A
ATHBRENTZ. OH TV HNMIFA MY —~DERIZH -
THRKRL, T2 THBT 5. REBROKENTIE, BIR
REIZ&H D OH 7 U VB S LR WIERIZEB W T,
FEEIREED OH 7 ¥ ViUV ZAEIEEIINER 80 s F21E
FCHEMET DI ENbo>72. KLIF IS AT ALY
OH 7 VAV ODFEARD A2 EHBM L7223 5 X 0 2Ry
RREMET 7 A~ BAEEBORBENHGFTE 2.

SE

1) B.R. Locke, M. Sato, P. Sunka, M.R. Hoffmann and
J.-S.Chang: Ind. Eng. Chem. Res., 45 (2006) 882

2) MKILFBH : 7T X - FKRE 458, 84 (2008) 664

3) J.S. Clements, M. Sato and R.H. Davis: IEEE Trans. Ind.
Appl., 23 (1987) 224

4) B. Sun, M. Sato and J.S. Clements :J. Electrostat., 39 (1997)
189

5) M. Kurahashi, S. Katsura and A. Mizuno: J. Electrostat., 42
(1997) 93

6) T. Miichi, S. Ihara, S. Satoh and C. Yamabe: Vacuum,
59(2000) 236

7) VoS, R, AR = E A, 128 (2008) 401

8) W.F.LM. Hoeben, E. M. Van Veldhuizen, W.R. Rutgers
and G.M.W. Krosen: J. Phys., D: Appli. Phys., 32 (1999)
L133

9) T. Kuroki, K. Yoshida, H. Watanabe, M. Okubo and T.
Yamamoto: Jpn. J. Appl. Phys., 45 (2006) 4296

10) RV, MEZR S, AR, &R, R, K
FE . FFERFREE, 30 (2006) 32

11) F. Tochikubo, Y. Furuta, S. Uchida and T. Watanabe: Jpn.J.
Appl. Phys., 45 (2006) 2743

12) M. Sato, T. Tokutake, T. Ohshima and A.T. Sugiarto: IEEE
Trans. Ind. Appl., 44 (2008) 1397

13) BT, VepEEhd, JHEEFAHL © B, 129 (2009) 237

14) M. Sahni and B. R. Locke: J. Hazard. Mater., 137
(2006)1025

15) A. Takami, S. Kato, A. Shimono and S. Koda: Chem. Phys.,
231 (1998) 215

16) H, Katayama, H. Honma, N. Nakagawara and K. Yasuoka:
IEEE Trans. Plasma Sci., 37 (2009) 897

17) S. K. Han, K. Ichikawa and H. Utsumi: Wat. Res., 32
(1998) 3261

18) S. A. Cheng, W. K. Fung, K. Y. Chan and P. K. Shen:
Chemosphere, 52 (2003) 1797

19) M. Sahni and B.R. Locke: Ind. Eng. Chem. Res., 45 (2006)
5819

20) S. Kanazawa, H. Tanaka, A. Kajiwara, T. Ohkubo, Y.
Nomoto, M. Kocik, J. Mizeraczyk and J.-S. Chang: Thin
Solid Films, 515 (2007) 4266

21) R. Ono and T. Oda: J. Electrostat., 55 (2002) 333

22) A.A. Joshi, B.R. Locke, P. Arce and W.C. Finney: J.
Hazard. Mater., 41 (1995) 3




<<
  /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


