% F F R oo

ACTA CHIMICA SINICA DOI: 10.6023/A13010058

ASFEANKSFEN HOBr+OH« & [z BB iE T 5%
BAKC  BREX™ XA kR
BB EBARNC OKARKRSC
CRMREAR 5B 550025)

CHNRIR I E S B TR Bt 550025)
(CHERFE B2 BOC R B PTURR B2 500 G 230031)

WE 1 aug-ce-pVTZ 4 R CCSD(T)M B3LYP (WES 5%, #19CT OH+5 HOBr [N, JF25 A K< H A
/K4 F X HOBr+OHe & AL X B J) 5 15, BB TH 8% M: X1 T OH-+HOBr RN, KILT WA R NEE K& 0
RS BT 4EA ), Bt Re 22 5 Sie 45 RAT AT, MIAN—"K AT JE, FARE] 6 M Vs TE. TN
B JEXT T HOBr &5 HyO - HO ML AR N, R g 22 P4 1.00 kealemol . by T PRI S6id B4R KA b2
PR, N IS IR0 T SR S S T ) S S g AR R PSS SRR, 7E 298 K, B /KX TSN SR I Je i
FOREHON 1.77X107"7 cmemolecule 'es™!, HLARTIEISHE B0 M4IMAKSS T8, HOBr++-H,O+OHe 2 W 34 %
o hngy 50 1.

KEE  KAUL%:; HOBr FA5E A, Ko+, RNALEL RNE) )%

Theoretical Studies on the Single Water Molecule Effects on the Reaction of
HOBr with OH-

Gao, Chenggui®  Long, Zhengwen™“  Tan, Xingfeng”  Long, Bo*’
Long, Chaoyun’ Qin, Shuijie” Zhang, Weijun®
(“ Department of Physics, Guizhou University, Guiyang 550025)
(¢ College of Information Engineering, Guizhou MinZu University, Guiyang 550025)

(¢ Laboratory of Environment Spectroscopy, Anhui Institute of Optics and Fine Mechanics, Chinese Academy of Sciences,
Hefei 230031)

Abstract  In this article, the reactions of OHe with HOBr in the absence and presence of water are investigated using the
CCSD(T) and B3LYP theoretical methods at the aug-cc-pVTZ basis set. The goal of the present investigation is to determine
how the single water molecule can affect the reaction mechanisms and kinetics of OHe+HOBr and estimate the importance
of water effects on the OHs+HOBT reaction. The calculated results show that there are two reaction channels and the corre-
sponding pre-complexes for the reaction of OHs+HOBr. The barriers of the reaction OHe+HOBr are 1.13 kcalsmol ', 2.02
kcalemol ', respectively, which are in good agreement with the previous experimental and theoretical results. In addition, the
reaction of OH*+HOBEr is very complex when one water molecule is introduced because there are six reaction pathways and
corresponding pre-reactive complexes. In particular, the activated barriers of the reaction HOBr+H,0-:-HO+ are about 1.00
kealemol ! lower than those of the naked reaction OHe-+HOBr. Additionally, to estimate the importance of these processes
in the atmosphere, the rate constant is evaluated using the conventional transition state theory with Wigner tunneling correc-
tion. The calculated rate constant of the naked reaction is 1.77 X 10™'> cm>smolecule 'es™! at 298 K, which is consistent with
the previous computational value. However, the rate constant of HOBr+--H,O+ OHe reaction is 50 times faster than that of
the naked reaction OHe+HOBr. Combined with concentrations of these species in the atmosphere, the reaction of OHe with
HOBEr in the presence of water is less important than the naked reaction OHe+HOBr. However, water effects on the OHe+
HOBEr are very obvious, which is very similar to the reaction OH*+HOCI. Therefore, the present study provides further in-
sight into water effects in the atmospheric chemistry.
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Figure 1 The values correspond to B3LYP/aug-cc-pVTZ optimized geometries (bond distances in angstroms and angles in degrees)
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Table 1 Zero point energy correction (ZPE, in kcalsmol '), and relative
energies (AE and A(E+ZPE) in kcalsmol "), enthalpies (AH(298 K) in
kcalemol '), and free energies (AG(298 K) in kcalemol ') for the HOBr
and OH?* reaction”

System ZPE AE AH AG A(E+ZPE)
HOBr+OH+ 1328 0.00  0.00 0.00  0.00
M1 1450 —5.51 —3.45 243 —429
TS1 12.86 243  —496 352 2.02
IMla 1433 —5.00 —3.54 263  —3.94
TSla 1343 098  —488 359 113
M'l 1544 —24.55 —2431 —17.33 —22.39
—21.93
BrO+H,0 1440 —2020 —19.66° —21.58 —19.08
(—22.66)>™"

¢ ZPE values obtained at B3LYP/aug-cc-pVTZ level of theory. The energy
values are obtained at CCSD(T)/aug-cc-pVTZ//B3LYP/augcc-pVTZ level of
theory whereas the H and G corrections are taken from the
B3LYP/aug-cc-pVTZ values. ° from ref. [10]. **" from ref. [9].
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Figure 2 The potential energy profile for the reaction of HOBr with
OHe at the CCSD(T)//B3LYP/aug-cc-pVTZ level of theory
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# 2 XY HOBr+OH-+H,0 MIFZREEIE, M, AHXIHE, %4, Bl
fig

Table 2 Zero point energy correction (ZPE, in kcalemol '), entropies
(calemol 'eK ', and relative energies (AE and A(E+ZPE) in kcalemol ),
enthalpies (AH(298 K) in kcalsmol '), and free energies (AG(298 K) in
kcalemol ) for the reaction with a single water molecule

System ZPE S AE  AH AG  A(E+ZPE)
HOBr+

1O LHO» 26.61 146.83 0.00 0.00 0.00  0.00
CI+OHe 2859 12422 —824 —486 187 —6.26
C2-+0He 2855 12383 —7.97 —4.13 213  —6.03
HOBr+MI 2865 12592 —408 —1.59 293 —275
HOBr+M2 2794 129.65 —629 —3.55 209 —426
M2 3026 10036 —12.19 —6.52 7.33  —8.54
TS2 2947 9844 —1128 —530 9.12  —842
M3 3050 9379  —16.12 —10.51 529  —1224
TS3 2757 9184 —561 —10.16 623  —4.65
M3 3044 110.01 —29.67 —25.91 —14.94 —25.84
IM3a 30.50 9392 —15.96 —10.41 536  —12.07
TS3a 2744 9408 —502 —9.72 6.00 —4.19
M4 30.77 9270  —16.21 —10.64 549  —12.04
TS4 27.92 91.15 —631 —10.16 644  —5.00
M'4 3041 10020 —29.58 —26.51 —12.60 —25.78
IM4a 3069 93.13  —16.09 —10.54 547  —12.00
TS4a 2768 9598 —550 —10.18498  —4.43
IM'4a 3042 99.57 —29.67 —26.51 —12.42 —25.85
M5 3156 86.722 —1592 —14203.70  —10.97
TS5 28.15 80.81 —520 —10.589.10 —3.66
M5 31.04 9932 —3238 —28.01 —13.85 —27.96
IM5a 3154 86.82 —1554 —13.864.04 —10.62
TS5a 28.18 8030 —449 —10.039.81 —2.92
IM'5a 31.04 9936 —32.38 —28.01 —13.86 —27.95

BrO+«+(H,0),29.84 125.12 —26.24 —24.88 —18.40 —23.02

ZPE is obtained at B3LYP/aug-cc-pVTZ level of theory. A(E+ZPE) is ob-
tained at CCSD(T)//B3LYP/augcc-pVTZ level of theory whereas AE, AH, and
AG are taken from the B3LYP/aug-cc-pVTZ values.
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IM2, TS2 iff H KA IM3 (IM3a)ik IM4 (IM4a)ik IM5
(IM5a)3R 5 TE R (&l 5), 298 K i JE4F T, HOBr
5 M1 (HO---H0) [ WV [P 2 5 BT H AR 2 0N ka,
ks, ke, k7, WIF 3 PR, 1X 5 R FEAE KSR Y.
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W F F R

B AF >, 18 B KR 20038 s N g AN K, %+ HOBr
55 M2 (H,0-+-HO#)Il I8 S )3 U A PR A T, IS o ) 3 4
WRUKT AL BN k', ks WL, ARSIV, A
IR N AR AT AR B %, IR N % B A I 2 1
k.

#3 AR A T B0 HOBr+OHe [ 3 % 4 5

Table 3 Rate constants and effective rate constants (in cm*smolecule '
s 1) for the HOBr+OHs reaction without and with single water molecule”

Reaction  k/(cm’molecule 'ss ') [Reaction k/(cm**molecule 'es™ ')
1.77X10° "
HOBr+
ko (121X10 1) ki 8.56X10 2
OH-
(k<5x10 )t |C1+OHe
ky 1.46%X10°" ky 1.51%X10°'¢
HOBr+ ks 1.64X10 " ks 3.59%107"7
MI ke 1.66X10°" HOBr+ k'  3.88X10°"°
k; 4.00X10°" M2 k' 9.23X10°'¢

@ ko is the rate constant for the HOBr+OHe, ky, k; and k3 are the rate constant
for the C1 (HOBr++-H,0)+OHe, ky~k; are the rate constant for the HOBr+
M1 (*HO-**H,0), k,' and k3’ are the rate constant for the HOBr+M2 (H,O--*
HO#).*™ from ref. [9]. “from ref. [10].

4 %

(D)XF BN K43 F 540 HOBr—+OHe [ 3 A RE T [ F
TR, fERAKSINE, 1% & NAHEA )V IEE, B
BT ICHKEY ML, IMla, & A TSI,
TS1a(H:AE2 N 2.02, 1.13 kealemol ") FF HE R % W 7 48 25
Y IM', BZTERG=H. IMAN—DIKS TG, RN F=Y)
AAE A5 K BrO-+H,0), 1Ko FAf MR %, K
9y Fe4e5 HOBr 8¢ OH- H HIEZE A B HOBr-+-H,0
W -HO-H,0, FFRAN. WFFTEl SR, PR ol
BRI N B2, R 6 ANANFIFHEA S Vs E. I
H, WK H,0 5 HOBr 44 A% H,O 15 OH. [ &
255 A ] RE.

()7 4k, C15 OH-H %1 ) N, HOBr AR T
5 H,0 MR T I B 2045 OH- [t 2E$2 I HOBr
WA T, Wik, R NE—DERER = MEEEY
HOBr-*-H,0---OH- (IM2, ;& figfi%) C1+O0H- 4 —2.28
kealemol "), LIt iR TS2 WM =1AEAEY) M3,
IM3a, IM4, IM4a. XL —={AE5Y), OH H A H#ES
HOBr &R T E e HUA.

(3) VHE RNV HER Y, 7E 298 KIRAEAIET,
T C1+OH I MY, Hos 25 F L K il 50
%, AT RV EEAE path 5~path 6 3 H H0N) LA /K
BFNT 3~4 AN EEg. 0T HOBr+M1 e i iy, JLik
FHHE TETK I i N IR T BORE >4, ] LK) 1208 T
SN TC T . 6T HOBr-+M2 dilis, W) EEJE /K /s
T 2~3 NMEA.

Acta Chim. Sinica 2013, 71, 849—856

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

References

[1] Ge, M.-F.; Ma, C.-P. Prog. Chem. 2009, 21, 307. (5 %Kk, &V,
1 dt R, 2009, 21, 307.)

[2] Platt, U.; Honninger, G. Chemosphere 2003, 52, 325.

[3] Peters, C.; Pechtl, S.; Stutz, J.; Hebestreit, K.; Honninger, G.;
Heumann, K. G.; Schwarz, A.; Winterlik, J.; Platt, U. Atmos. Chem.
Phys. 2005, 5, 3357.

[4] Zeng, X.-Q.; Wang, D.-X. Sci. China Ser. B-Chem. 2007, 37, 209.
(EURER, ERY, & EAE B4 L, 2007, 37,209.)

[5] Qiao, Z.; Sun, S.; Sun, Q.; Zhao, J.; Wang, D. J. Chem. Phys. 2003,
119,7111.

[6] Montzka, S. A.; Butler, J. H.; Myers, R. C.; Thompson, T. M.;
Swanson, T. H.; Clarke, A. D.; Lock, L. T.; Elkins, J. W. Science
1996, 272, 1318.

[7] Fan, H.-M.; Li, X.-Y.; Meng, L.-P.; Zheng, S.-J.; Zeng, Y.-L. Acta
Chim. Sinica 2007, 65, 395. (LM, AWk, &4AME, iy,
BN, b5 3R, 2007, 65, 395.)

[8] Bedjanian, Y.; Poulet, G. Chem. Rev. 2003, 103, 4639.

[9] Kukui, A.; Kirchner, U.; Benter, T.; Schindler, R. N. Ber. Bun-
sen-Ges. Phys. Chem. 1996, 100, 455.

[10] Wang, L.; Liu, J.-Y.; Li, Z.-S.; Sun, C.-C. J. Comput. Chem. 2004,
25, 558.

[11] Vohringer-Martinez, E.; Hansmann, B.; Hernandez, H.; Francisco, J.
S.; Troe, J.; Abel, B. Science 2007, 315, 497.

[12] Anglada, J. M.; Gonzalez, J. ChemPhysChem 2009, 10, 3034.

[13] Vaida, V.; Headrick, J. E. J. Phys. Chem. 4 2000, 104, 5401.

[14] Aloisio, S.; Francisco, J. S. Acc. Chem. Res. 2000, 33, 825.

[15] Sennikov, P.-G.; Ignatov, S. K.; Schrems, O. ChemPhysChem 2005,
6,392.

[16] Vaida, V.; Kjaergaard, H. G.; Feierabend, K. J. Int. Rev. Phys.
Chem. 2003, 22, 203.

[17] Galano, A.; Narciso-Lopez, M.; Francisco-Marquez, M. J. Phys.
Chem. A 2010, 114, 5796.

[18] Vaida,V.J. Chem. Phys. 2011, 135, 020901.

[19] Buszek, R. J.; Francisco, J. S.; Anglada, J. M. Int. Rev. Phys. Chem.
2011, 30, 335.

[20] Jorgensen, S.; Kjaergaard, H. G. J. Phys. Chem. A 2010, 114, 4857.

[21] Chen, H.-T.; Chang, J.-G.; Chen, H.-L. J. Phys. Chem. A 2008, 112,
8093.

[22] Phillips, D. L.; Zhao, C.-Y.; Wang, D.-Q. J. Phys. Chem. A 2005,
109, 9653.

[23] Gonzalez, J.; Anglada, J. M.; Buszek, R. J.; Francisco, J. S. J. Am.
Chem. Soc. 2011, 133, 3345.

[24] Njegic, B.; Raff, J. D.; Finlayson-Pitts, B. J.; Gordon, M. S.; Gerber,
R. B. J. Phys. Chem. A 2010, 114, 4609.

[25] Long, B.; Tan, X.-F.; Ren, D.-S.; Zhang, W.-J. J. Mol. Struct. Theo-
chem. 2010, 956, 44.

[26] Zhang, T. L.; Wang, W. L.; Zhang, P.; Lii, J.; Zhang, Y. Phys.
Chem. Chem. Phys. 2011, 13,20794.

[27] Buszek, R. J.; Torrent-Sucarrat, M.; Anglada, J. M.; Francisco, J. S.
J. Phys. Chem. A 2012, 116, 5821.

[28] Buszek, R. J.; Barker, J. R.; Francisco, J. S. J. Phys. Chem. A 2012,
116,4712.

[29] Long, B.; Zhang, W.-J.; Long, Z.-W. Chin. J. Chem. Phys. 2011, 24,
419.

[30] Gonzalez, J.; Anglada, J. M. J. Phys. Chem. A 2010, 114, 9151.

[31] Medeiros, D. J.; Pimentel, A. S. J. Phys. Chem. A 2011, 115, 6357.

[32] Long, B.; Tan, X.-F.; Long, Z.-W.; Wang, Y.-B.; Ren, D.-S.; Zhang,
W.-I.J. Phys. Chem. A 2011, 115, 6559.

[33] Long, B.; Zhang, W.-J.; Tan, X.-F.; Long, Z.-W.; Wang, Y .-B.; Ren,
D.-S. Comput. Theor. Chem. 2011, 964, 248.

[34] Xu, X.; Goddard, W. A. Proc. Natl. Acad. Sci. U. S. A. 2002, 99,
15308.

[35] Xu, X.; Muller, R. P.; Goddard, W. A. Proc. Natl. Acad. Sci. U. S. A.
2002, 99, 3376.

[36] Long, B.; Tan, X.-F.; Ren, D.-S.; Zhang, W.-J. Chem. Phys. Lett.
2010, 492, 214.

[37] Vaida, V.; Kjaergaard, H. G.; Hintzel, P. E.; Donaldson, D. J. Sci-
ence 2003, 299, 1566.

[38] Long, B.; Zhang, W.-J.; Tan, X.-F.; Long, Z.-W.; Wang, Y .-B.; Ren,
D.-S. J. Phys. Chem. A 2011, 115, 1350.

[39] Iuga, C.; Alvarez-Idaboy, J. R.; Reyes, L.; Vivier-Bunge, A. J. Phys.
Chem. Lett. 2010, 1,3112.

[40] Luo, Y.; Maeda, S.; Ohno, K. Chem. Phys. Lett. 2009, 469, 57.

http://sioc-journal.cn 855



AR

[41] Zhao, Y.-F.; Yang, Y.; Charles, M.; Charles, H. F. P.; Li, J.; Mei, D. [45] Lu, Y.-X.; Wang, W.-L.; Wang, W.-N.; Liu, Y.-Y.; Zhang, Y. Acta
H. J. Catal. 2011, 281, 199. Chim. Sinica 2010, 68, 1253. (528, T35, EIEWE, X585,
[42] Chang, C.-R.; Wang, Y.-G.; Li, J. Nano Res. 2011, 4, 131. Kbk, e AR, 2010, 68, 1253.)
[43] Jorgensen, S.; Gross, A. J. Phys. Chem. A 2009, 113, 10284. [46] Zheng, Y.; Zhu, Q.; Li, Z.-R.; Li, X.-Y. Acta Chim. Sinica 2013, 71,
[44] Duncan, W. T.; Bell, R. L.; Truong, T. N. J. Comput. Chem. 1998, 81. HBVE, KRB, ZEvRaE, 250k, 13 54K, 2013, 71, 81.)
19,1039.
(Cheng, F.)

856  http://sioc-journal.cn © 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences Acta Chim. Sinica 2013, 71, 849—856




<<
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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


