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Abstract Organic solar cells (OSCs) are among the most promising photovoltaic technologies to solve energy and envi-
ronmental problems. To achieve highly efficient OSCs, controlling over electrode interfacial layers is greatly important for
improving charge transportation and collection. Here, ternary metal oxide semiconductor films of Mg-doped NiO (NiMgO)
have been prepared via a sol-gel method, and further optimized by several post-treatment strategies. The structures, properties
and energy levels of different NiMgO films have been investigated to explore the influence of various post-treatment strate-
gies. Incorporating the ternary NiMgO films as a novel type of hole transport layers (HTLs), non-fullerene OSCs have been
fabricated based on a promising bulk-heterojunction of PM6:M36. Their photovoltaic performances and mechanisms of de-
vice physics are also investigated. When the sol-gel derived NiMgO film without post-treatment is used as an HTL, the OSCs
show a relatively low power conversion efficiency (PCE) of 5.90%. By contrast, after simple ultraviolet-ozone (UVO)
post-treatment on the NiMgO HTL, the resulted OSCs exhibit greatly enhanced photovoltaic performances, with an increased
open-circuit voltage (Voc) of 0.87 V and an improved PCE of 12.67%. More importantly, a new dual post-treatment combin-
ing surface rinse with UVO treatment has been demonstrated to further optimize NiMgO HTLs and improve device perfor-
mances. The rinse process can remove excess impurities and flatten the surface of NiMgO films as well as increase the
transmittance, while the UVO treatment process is beneficial for reducing surface defects of the ternary oxide films. Benefit-
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ing from such an efficient dual post-treatment on NiMgO HTLs, the OSCs afford a high PCE of 13.17% with a retained Vo
of 0.87 V, an increased short-circuit current density of 23.48 mAscm 2, and an improved fill factor of 64.29%. These results
provide an effective way for surface post-treatment and property optimization of semiconducting metal oxide films, and con-
tribute to the development of high-performance optoelectronic devices.

Keywords organic photovoltaic; ternary oxide; hole transport layer; surface treatment; interface engineering
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Figure 1 X-Ray photoelectron spectroscopy (XPS) spectra of NiMgO films derived from different post-treatment methods
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Figure 2 (a~d) Height images and (e~h) viscosity images of NiMgO films derived from different post-treatment methods
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Figure 3 Contact angles of water and NiMgO films derived from dif-
ferent conditions including (a) without post-treatment, (b) only rinse, (c)
only UVO treatment, and (d) dual post-treatment
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Figure 4 (a) Transmission and (b) absorption spectra of NiMgO films
derived from different post-treatment methods
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B S B BRI AR 4.03 eV, TR AE A UVO XL FE
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A DL, % NiMgO B 5 UVO 221 Jm AbF3 s ik 8 12 £ 0
RO S5 E s g A&
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Table 1 Energy level parameters and optical bandgap values of different
NiMgO films

NiMgO film  Eye/eV  Eaow/eV  VBM/eV  CBM/eV  E,‘/eV
N1 0.20 16.92 —4.50 —0.32 4.18
N2 0.13 17.15 —4.20 —0.04 4.16
N3 1.59 17.24 —5.57 —1.54 4.03
N4 1.49 17.42 —5.29 —1.20 4.09

“E, is calculated from 1240/4, where 1 is the absorption edge obtained from
the absorption spectra of NiMgO films.
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Figure 5 (a) UPS spectra of different NiMgO films and their enlarged views on (b) the low binding energy side and (c) the high binding energy side
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Figure 6 (a) Schematic structure of OSCs and molecular structures of PM6 and M36 as well as (b) energy band diagram of materials used in the device
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Figure 7 (a) J-V curves as well as (b) EQE spectra and integral current density curves of OSCs based on different NIMgO HTLs
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Table 2 Device parameters of OSCs based on different NiMgO films as HTLs

NiMgO HTLs Voc/V Jsc/(mAscm ?) FF/% PCERS R/ (kQecm?) Rs/(Qecm?)
Best Avg.
N1 0.63 21.77 43.20 5.90 5.18 0.25 15.40
N2 0.55 21.19 46.30 5.40 5.05 0.29 11.45
N3 0.87 22.64 63.82 12.67 12.03 0.94 6.92
N4 0.87 23.48 64.29 13.17 12.61 0.93 6.02
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Figure 8 (a) J,u-Vesr curves, and light intensity dependent curves of Jsc (b) and Vo (c) of OSCs based on different NiMgO HTLs
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HEMT 2-REE Y, FFIMAS &R TRz E
LN 10 1 B CRERAE SR, 4% 0.1 mol/L IR
UKV, PiFE 10 h 28 58 AV i s W VTS VL

NiMgO % 5 R M 5 3 5764 1TO B
(TBHZ) 15 Q/o)IKIRZ I YeiFRl. K PR AN S R It
TS, 2JafE 75 CHERI TR, RiE, ¥
NiMgO RiUK#E LA 3500 r/min [543 igi4 ) 1TO 347 |,
FEALRIARAE 120 CHIZRINAE ETHE K 10 min, 2 J5
R 290 CHMAEH, B 1 h, BAARENRE. &
J&i, V) A G PR IR AT AN IR () 3R THD S AL R T2, 3R AS
— RIIAF NIMgO FHifl 2 e, BARE: (H)AETE
AR, BB TF B4 N & H 1 NiMgO #E(N1); (2)
FKAN A8 Bl ek i o A B, BN 381K
SXof TS 2 T e (40 3 mL, JE PR 4 2 s), R
P 5 77 4k Sl R TH P e (FH 20 3 mL, PR (]2
2 s), BE FIRKM OB BT R R = S,
1 200 CHEFEHET TR BIIAEFIZRAFH NiMgO I (N2);
(3)H UVO #4731 J5 4L FE 10 min (1) NiMgO 7 E(N3);
(4)XT AT KN A Bl e Ja B 45 & UVO 4L 2E 10
min T AL 3R N 5 AL B NiMgO HE(N4).

A HLA BH B F 1 & K 8 AN ) i Ak B
NiMgO 25 /&4 2 1 1TO JE R 2783 N, F B/
WL TS PM6 AT M36 4%l bk 1 ¢ 1 IR T & 5
Hil4% 19 mg/mL MG HEER, BSINEZERAER 2 ERN
0.05%)1ENEINF, 7E 50 C F#HtHE 6 h. 585, 4 PM6
A M36 [RIR A IS PEZ I WUIE IR (3700 r/min, 45 s)fE
ITO/NiMgO [, BERITE 90 Chn#va FiE-k 5 min 3k
SRR, 2 )5, ¥ 2 mg/mL fI3E IR EATAD
(PDIN)¥E LA 3200 r/min (R TERAETE L2 FAE
TAEME. &5, KRR 8 B s AR, fEKY
107* Pa (R B2, il HEBOOE S ZEHE 100 nm (1)
Ag {ERNBIM. Bl & 85 F A0 20 AN 4 mm?,

4.3 SEERIESHFMHMR

TR RAE: 5 1) 58 =0T LW A0 ' T A0 3 et o
F&KH Lambda35 70 6B THTE iR N4, EARR
THIJE 30 B RE A 52 30 3ok 91 i PR T I 4 8% (Dimension: Icon,
Bruker)7E 2 IARFE AL 1 AFM B A C. T4
S SREGCR A X HEOEH T REIE{(ESCALAB 250Xi)
MR XPS K UPS PERESRAT. {3 FH 4 frk £ 3R A
(JC2000D 1) I X785 J5E F1 7K 42 ik #71.

BAPERENMR: 7 AM 1.5G AT 2614 F, @it Oriel
Sol3A K BH AL 2% (Newport) il &5 1 A BH g H B 1)
JEARPERE. U 5 FE A 3% 18 [ 58] AR AR YR SE G =
(NREL)AIE R bR B it 3E AT RS B E. K Keithley
2440 = FAR MO IR A R 244 1 -V i 28 A s
WA 28, 3833 Newport () EQE Mk %5, M55
1] EQE Kit.

Acta Chim. Sinica 2022, 80, 581—589



F F R

B RO S el S AMOCRSEE LR M36 &
8B DMy TG ) B, TR SR 7 B3R 5 il A 4 ik
Fri b Bl

References

[1] Wang, F.; Harindintwali, J. D.; Yuan, Z.; Wang, M.; Wang, F.; Li, S.;
Yin, Z.; Huang, L.; Fu, Y.; Li, L.; Chang, S. X.; Zhang, L.; Rinklebe,
J.; Yuan, Z.; Zhu, Q.; Xiang, L.; Tsang, D.; Xu, L.; Jiang, X.; Liu, J.;
Wei, N.; Késtner, M.; Zou, Y.; Ok, Y. S.; Shen, J.; Peng, D.; Zhang,
W.; Barcelo, D.; Zhou, Y.; Bai, Z.; Li, B.; Zhang, B.; Wei, K.; Cao,
H.; Tan, Z.; Zhao, L.; He, X.; Zheng, J.; Bolan, N.; Liu, X.; Huang,
C.; Dietmann, S.; Luo, M.; Sun, N.; Gong, J.; Gong, Y.; Brahushi, F.;
Zhang, T.; Xiao, C.; Li, X.; Chen, W.; Jiao, N.; Lehmann, J.; Zhu, Y;
Jin, H.; Schiffer, A.; Tiedje, J. M.; Chen, J. M. The Innovation 2021,
2, 100180.

[2] Classen, A.; Chochos, C. L.; Lier, L.; Gregoriou, V. G.; Wortmann,
J.; Osvet, A.; Forberich, K.; McCulloch, I.; Heumiiller, T.; Brabec,
C. J. Nat. Energy 2020, 5, 711.

[3] Wang, W.; Wang, J.; Zheng, Z.; Hou, J. Acta Chim. Sinica 2020, 78,
382 (in Chinese). (F3CHE, FREL, Ak, FESIME, LFFIR,
2020, 78, 382.)

[4] Lv, M.; Zhou, R.; Lv, K.; Wei, Z. Acta Chim. Sinica 2021, 79, 284
(in Chinese). (28, i, 2, BEK, LFFIR, 2021, 79,
284.)

[5] Guo, X.; Cui, C.; Zhang, M.; Huo, L.; Huang, Y.; Hou, J.; Li, Y. En-
ergy Environ. Sci. 2012, 5, 7943.

[6] Yu, G; Gao, J.; Hummelen, J. C.; Wudi, F.; Heeger, A. J. Science
1995, 270, 1789.

[71 Yin, Z.; Zheng, Q.; Chen, S.; Cai, D.; Ma, Y. Adv. Energy Mater.
2016, 6, 1501493.

[8] Yin, Z.; Wei, J.; Chen, S.; Cai, D.; Ma, Y.; Wang, M.; Zheng, Q. J.
Mater. Chem. A 2017, 5, 3888.

[9] Zhao, J.; Li, Y.; Yang, G; Jiang, K.; Lin, H.; Ade, H.; Ma, W.; Yan,
H. Nat. Energy 2016, 1, 15027

[10] Lin, Y.; Wang, J.; Zhang, Z.; Bai, H.; Li, Y.; Zhu, D.; Zhan, X. Adv.
Mater. 2015, 27, 1170.

[11] Li, T.; Zhan, X. Acta Chim. Sinica 2021, 79, 257 (in Chinese). (2=}
K, HE R, R, 2021, 79, 257)

[12] Zhang, J.; Tan, H.; Guo, X.; Facchetti, A.; Yan, H. Nat. Energy 2018,
3,720.

[13] Yuan, J.; Zhang, Y.; Zhou, L.; Zhang, G.; Yip, H.; Lau, T.; Lu, X.;
Zhu, C.; Peng, H.; Johnson, P. A.; Leclerc, M.; Cao, Y.; Ulanski, J.;
Li, Y.; Zou, Y. Joule 2019, 3, 1140.

[14] Li, C.; Zhou, J.; Song, J.; Xu, J.; Zhang, H.; Zhang, X.; Guo, J.; Zhu,
L.; Wei, D.; Han, G;; Min, J.; Zhang, Y.; Xie, Z.; Yi, Y.; Yan, H.;
Gao, F.; Liu, F.; Sun, Y. Nat. Energy 2021, 6, 605.

[15] Ma, Y.; Cai, D.; Wan, S.; Yin, P.; Wang, P.; Lin, W.; Zheng, Q. Natl.

Acta Chim. Sinica 2022, 80, 581—589

© 2022 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

MR
Sci. Rev. 2020, 7, 1886.

[16] Tang, C.; Ma, X.; Wang, J.; Zhang, X.; Liao, R.; Ma, Y.; Wang, P.;
Wang, P.; Wang, T.; Zhang, F.; Zheng, Q. Angew. Chem., Int. Ed.
2021, 60, 19314.

[17] Liu, Y.; Liu, B.; Ma, C.; Huang, F.; Feng, G.; Chen, H.; Hou, J.; Yan,
L.; Wei, Q.; Luo, Q.; Bao, Q.; Ma, W.; Liu, W.; Li, W.; Wan, X_; Hu,
X.; Han, Y.; Li, Y.; Zhou, Y.; Zou, Y.; Chen, Y.; Li, Y.; Chen, Y.;
Tang, Z.; Hu, Z.; Zhang, Z.; Bo, Z. Sci. China: Chem. 2022, 65, 224.

[18] Yin, Z.; Wei, J.; Zheng, Q. Adv. Sci. 2016, 3, 1500362.

[19] Ma, C.; Fu, W.; Huang, G; Chen, H.; Xu, M. Acta Chim. Sinica
2015, 73, 949 (in Chinese). (##e, i€, WE M, O, 145
HIZE, AL 5248, 2015, 73, 949.)

[20] Guang, S.; Yu, J.; Wang, H.; Liu, X.; Qu, S.; Zhu, R.; Tang, W. J.
Energy Chem. 2021, 56, 496.

[21] Zhang, C.; Luo, Q.; Wu, H.; Li, H.; Lai, J.; Ji, G; Yan, L.; Wang, X.;
Zhang, D.; Lin, J.; Chen, L.; Yang, J.; Ma, C. Org. Electron. 2017,
45, 190.

[22] Yip, H.; Jen, A. Energy Environ. Sci. 2012, 5, 5994.

[23] Liu, J.; Xue, Y.; Gao, Y.; Yu, D.; Durstock, M.; Dai, L. Adv. Mater.
2012, 24,2228.

[24] Yin, Z.; Zheng, Q.; Chen, S.; Cai, D. ACS Appl. Mater. Interfaces
2013, 5,9015.

[25] Lou, Y. H.; Wang, Z. K. Nanoscale 2017, 9, 13506.

[26] Zhan, T.; Ren, P.; Huang, X.; Zhang, X.; Chen, G.; Xiong, J.; Xue,
X.; Cai, P.; Zhang, J.; Chen, J. Solar Energy 2021, 216, 211.

[27] Manders, J. R.; Tsang, S.; Hartel, H. J.; Lai, T.; Chen, S.; Amb, C.
M.; Reynolds, J. R.; So, F. Adv. Funct. Mater. 2013, 23, 2993.

[28] Jiang, E.; Choy, W. C. H.; Li, X.; Zhang, D.; Cheng, J. Adv. Mater.
2015, 27, 2930.

[29] Hossain, M. A.; Zhang, T.; Zakaria, Y.; Lambert, D.; Burr, P. A,;
Rashkeev, S. N.; Abdallah, A.; Hoex, B. IEEE J. Photovolt. 2021,
11, 1176.

[30] Zhang, J. Y.; Li, W. W.; Hoye, R. L. Z.; Macmanus-Driscoll, J. L.;
Budde, M.; Bierwagen, O.; Wang, L.; Du, Y.; Wahila, M. J.; Piper, L.
F. J.; Lee, T. L.; Edwards, H. J.; Dhanak, V. R.; Zhang, K. H. L. J.
Mater. Chem. C 2018, 6, 2275.

[31] Denny, Y. R.; Lee, K.; Park, C.; Oh, S. K.; Kang, H. J.; Yang, D.;
Seo, S. Thin Solid Films 2015, 591, 255.

[32] Wang, N.; Liu, C. Q.; Wen, C. Q. L. B.; Wang, H. L.; Liu, S. M,;
Jiang, W. W.; Ding, W. Y.; Chai, W. P. Thin Solid Films 2016, 616,
587.

[33] Huang, S.; Wang, Y.; Shen, S.; Tang, Y.; Yu, A.; Kang, B.; Silva, S.
R. P; Lu, G J. Colloid Interface Sci. 2019, 535, 308.

[34] Mares, J. W.; Boutwell, C. R.; Scheurer, A.; Falanga, M.; Schoen-
feld, W. V. Proc. SPIE 2010, 7603, 76031B.

[35] Yin, Z.; Zheng, Q.; Chen, S.; Cai, D.; Zhou, L.; Zhang, J. Adv. En-
ergy Mater. 2014, 4, 1301404.

[36] Zhai, Z.; Huang, X.; Xu, M.; Yuan, J.; Peng, J.; Ma, W. Adv. Energy
Mater. 2013, 3, 1614.

(Zhao, C.)

http://sioc-journal.cn 589




<<
  /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


