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Hydrogel  is  a  potential  matrix  material  of  electronic-skins  (E-skins)  because  of  its  excellent  ductility,  tunability,  and
biocompatibility.  However,  hydrogel-based  E-Skins  will  inevitably  lose  their  sensing  performance  in  practical  applications  for
water loss, physical damage, and ambient interferences. It remains a challenge to manufacture highly durable gel-based E-skins.
Herein,  an E-Skin is fabricated by introducing ionic liquids (ILs) into MXene-composited binary polymer network.  The obtained
ionic  gel  shows  excellent  mechanical  properties,  strong  adhesion,  and  superior  tolerance  to  harsh  environments.  The  E-skin
exhibits  high  sensitivity  to  both  strain  and  pressure  in  a  wide  range  of  deformations,  which  enables  a  monitoring  function  for
various  human  motions  and  physiological  activities.  Importantly,  the  E-skin  shows  consistent  electrical  response  after  being
stored in the open air for 30 days and can be quickly healed by irradiation with 808 nm near-infrared light, originating from the
photo-thermal effect induced self-healing acceleration. It is noteworthy that the E-skin also reveals a highly sensitive perception
of temperature and near-infrared light, displaying the promising potential applications in the multifunctional flexible sensor.
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2.2    Synthesis of MXene nanosheets

 

2.3    Synthesis  of  cellulose  nanocrystals  CNC  and
CNC@TA

 

2.4    Preparation  and  characterization  of  PCM  ionic
hydrogel

 

2.5    Adhesion property characterizations

 

2.6    Weight loss measurements
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2.7    Mechanical/electrical performance characterization
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2.8    Thermal-sensitive performance characterization

 

2.9    Photothermal  performance  and  optical  response
characterization

 

2.10    Self-healing performance
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3.1    Materials synthesis
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3.2    Mechanical performance characterization

 

3.3    Harsh environment tolerant measurement
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3.4    Electrical performance characterization
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3.5    Human motion detections and handwriting test

 

3.6    Temperature response perception
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3.7    Photothermal  effect  and  the  promoted  self-healing
performance

  Nano Res. 2022, 15(5): 4421–4430 4427

www.theNanoResearch.com | www.Springer.com/journal/12274 | Nano Research



’

  4428 Nano Res. 2022, 15(5): 4421–4430

 | www.editorialmanager.com/nare/default.asp



’

 

 

Kim, D. H.; Song, J. Z.; Choi, W. M.; Kim, H. S.; Kim, R. H.; Liu,
Z.  J.;  Huang,  Y.  Y.;  Hwang,  K.  C.;  Zhang,  Y.  W.;  Rogers,  J.  A.
Materials and noncoplanar mesh designs for integrated circuits with
linear  elastic  responses  to  extreme  mechanical  deformations. Proc.
Natl. Acad. Sci. USA 2008, 105, 18675–18680.

[1]

Huang,  S.;  Huang,  Y.  L.;  Li,  Q.  Photodeformable  liquid  crystalline
polymers  containing  functional  additives:  Toward
photomanipulatable  intelligent  soft  systems. Small  Struct. 2021, 2,
2100038.

[2]

Kang,  K.;  Park,  J.;  Kim,  K.;  Yu,  K.  J.  Recent  developments  of
emerging  inorganic,  metal  and  carbon-based  nanomaterials  for
pressure sensors and their  healthcare monitoring applications. Nano
Res. 2021, 14, 3096–3111.

[3]

Fu, X. Y.; Wang, L. L.; Zhao, L. J.; Yuan, Z. Y.; Zhang, Y. P.; Wang,
D. Y.; Wang, D. P.; Li, J. Z.; Li, D. D.; Shulga, V. et al. Controlled
assembly of MXene nanosheets as an electrode and active layer for
high-performance  electronic  skin. Adv.  Funct.  Mater. 2021, 31,
2010533.

[4]

Cai, Y. C.; Shen, J.; Dai, Z. Y.; Zang, X. X.; Dong, Q. C.; Guan, G.
F.; Li, L. J.; Huang, W.; Dong, X. C. Extraordinarily stretchable all-
carbon  collaborative  nanoarchitectures  for  epidermal  sensors. Adv.
Mater. 2017, 29, 1606411.

[5]

Zhao, L. J.; Wang, L. L.; Zheng, Y. Q.; Zhao, S. F.; Wei, W.; Zhang,
D.  W.;  Fu,  X.  Y.;  Jiang,  K.;  Shen,  G.  Z.;  Han,  W.  Highly-stable
polymer-crosslinked  2D  MXene-based  flexible  biocompatible
electronic  skins  for in  vivo biomonitoring. Nano  Energy 2021, 84,
105921.

[6]

Zhang, W.; Feng, P.; Chen, J.;  Sun, Z. M.; Zhao, B. X. Electrically
conductive  hydrogels  for  flexible  energy  storage  systems. Prog.
Polym. Sci. 2019, 88, 220–240.

[7]

Qu, X. Y.; Wang, S. Y.; Zhao, Y.; Huang, H.; Wang, Q.; Shao, J. J.;
Wang,  W.  J.;  Dong,  X.  C.  Skin-inspired  highly  stretchable,  tough
and  adhesive  hydrogels  for  tissue-attached  sensor. Chem.  Eng.  J.
2021, 425, 131523.

[8]

Kamoun, E. A.; Kenawy, E. R. S.; Chen, X. A review on polymeric
hydrogel  membranes  for  wound  dressing  applications:  PVA-based
hydrogel dressings. J. Adv. Res. 2017, 8, 217–233.

[9]

Hu, Y. G.;  Zhao, T.;  Zhu, P.  L.;  Zhang, Y.;  Liang, X. W.; Sun, R.;
Wong,  C.  P.  A  low-cost,  printable,  and  stretchable  strain  sensor
based  on  highly  conductive  elastic  composites  with  tunable
sensitivity  for  human  motion  monitoring. Nano  Res. 2018, 11,
1938–1955.

[10]

Huang, J. R.; Peng, S. J.; Gu, J. F.; Chen, G. Q.; Gao, J. H.; Zhang,
J.; Hou, L. X.; Yang, X. X.; Jiang, X. C.; Guan, L. H. Self-powered
integrated  system  of  a  strain  sensor  and  flexible  all-solid-state
supercapacitor  by  using  a  high  performance  ionic  organohydrogel.
Mater. Horiz. 2020, 7, 2085–2096.

[11]

Xu, J. J.; Jing, R. N.; Ren, X. Y.; Gao, G. H. Fish-inspired anti-icing
hydrogel  sensors  with  low-temperature  adhesion  and  toughness. J.
Mater. Chem. A 2020, 8, 9373–9381.

[12]

Ge, G.; Lu, Y.; Qu, X. Y.; Zhao, W.; Ren, Y. F.; Wang, W. J.; Wang,
Q.; Huang, W.; Dong, X. C. Muscle-inspired self-healing hydrogels
for strain and temperature sensor. ACS Nano 2020, 14, 218–228.

[13]

Zhang, X. F.; Ma, X. F.; Hou, T.; Guo, K. C.; Yin, J. Y.; Wang, Z.
G.;  Shu,  L.;  He,  M.;  Yao,  J.  F.  Inorganic  salts  induce  thermally
reversible and anti-freezing cellulose hydrogels. Angew. Chem., Int.
Ed. 2019, 58, 7366–7370.

[14]

Zhang, H. X.; Niu, W. B.; Zhang, S. F. Extremely stretchable, stable,[15]

  Nano Res. 2022, 15(5): 4421–4430 4429

www.theNanoResearch.com | www.Springer.com/journal/12274 | Nano Research



and durable strain sensors based on double-network organogels. ACS
Appl. Mater. Interfaces 2018, 10, 32640–32648.
Han, S. J.; Liu, C. R.; Lin, X. Y.; Zheng, J. W.; Wu, J.; Liu, C. Dual
conductive  network  hydrogel  for  a  highly  conductive,  self-healing,
anti-freezing, and non-drying strain sensor. ACS Appl. Polym. Mater.
2020, 2, 996–1005.

[16]

Yu, Q. Y.; Qin, Z. H.; Ji, F.; Chen, S.; Luo, S. Y.; Yao, M. M.; Wu,
X.  J.;  Liu,  W.  W.;  Sun,  X.;  Zhang,  H.  T.  et  al.  Low-temperature
tolerant  strain  sensors  based  on  triple  crosslinked  organohydrogels
with ultrastretchability. Chem. Eng. J. 2021, 404, 126559.

[17]

Zhang, Y. W.; Yuan, B.; Zhang, Y. Q.; Cao, Q. P.; Yang, C.; Li, Y.;
Zhou,  J.  H.  Biomimetic  lignin/poly(ionic  liquids)  composite
hydrogel  dressing  with  excellent  mechanical  strength,  self-healing
properties, and reusability. Chem. Eng. J. 2020, 400, 125984.

[18]

Zhang, Y. C.; Li, M. X.; Qin, B.; Chen, L. L.; Liu, Y. C.; Zhang, X.;
Wang,  C.  Highly  transparent,  underwater  self-healing,  and  ionic
conductive  elastomer  based  on  multivalent  ion-dipole  interactions.
Chem. Mater. 2020, 32, 6310–6317.

[19]

Li, T. Q.; Wang, Y. T.; Li, S. H.; Liu, X. K.; Sun, J. Q. Mechanically
robust,  elastic,  and  healable  ionogels  for  highly  sensitive  ultra-
durable ionic skins. Adv. Mater. 2020, 32, 2002706.

[20]

Zhao,  G. R.;  Zhang,  Y. W.;  Shi,  N.;  Liu,  Z.  R.;  Zhang,  X. D.;  Wu,
M. Q.; Pan, C. F.; Liu, H. L.; Li, L. L.; Wang, Z. L. Transparent and
stretchable  triboelectric  nanogenerator  for  self-powered  tactile
sensing. Nano Energy 2019, 59, 302–310.

[21]

Zhao, X. L.; Zhou, K. L.; Zhong, Y. J.; Liu, P.; Li, Z. C.; Pan, J. L.;
Long, Y.; Huang, M. R.; Brakat, A.; Zhu, H. W. Hydrophobic ionic
liquid-in-polymer  composites  for  ultrafast,  linear  response  and
highly sensitive humidity sensing. Nano Res. 2021, 14, 1202–1209.

[22]

Ghatee, M. H.; Zare, M.; Moosavi, F.; Zolghadr, A. R. Temperature-
dependent  density  and  viscosity  of  the  ionic  liquids  1-alkyl-3-
methylimidazolium  iodides:  Experiment  and  molecular  dynamics
simulation. J. Chem. Eng. Data 2010, 55, 3084–3088.

[23]

Ota, H.; Chen, K.; Lin, Y. J.; Kiriya, D.; Shiraki, H.; Yu, Z. B.; Ha,
T.  J.;  Javey,  A.  Highly  deformable  liquid-state  heterojunction
sensors. Nat. Commun. 2014, 5, 5032.

[24]

Gui, Q. Y.; He, Y. L.; Gao, N. W.; Tao, X. L.; Wang, Y. P. A skin-
inspired  integrated  sensor  for  synchronous  monitoring  of
multiparameter signals. Adv. Funct. Mater. 2017, 27, 1702050.

[25]

Kang, J.; Tok, J. B. H.; Bao, Z. N. Self-healing soft electronics. Nat.
Electron. 2019, 2, 144–150.

[26]

Ge,  G.;  Yuan,  W.;  Zhao,  W.;  Lu,  Y.;  Zhang,  Y.  Z.;  Wang,  W.  J.;
Chen, P.; Huang, W.; Si, W. L.; Dong, X. C. Highly stretchable and
autonomously  healable  epidermal  sensor  based  on  multi-functional
hydrogel frameworks. J. Mater. Chem. A 2019, 7, 5949–5956.

[27]

Zhao,  L.;  Ren,  Z.  J.;  Liu,  X.;  Ling,  Q.  J.;  Li,  Z.  J.;  Gu,  H.  B.  A
multifunctional,  self-healing,  self-adhesive,  and  conductive  sodium
alginate/poly(vinyl  alcohol)  composite  hydrogel  as  a  flexible  strain
sensor. ACS Appl. Mater. Interfaces 2021, 13, 11344–11355.

[28]

Chen,  J.  S.;  Peng,  Q.  Y.;  Thundat,  T.;  Zeng,  H.  B.  Stretchable,
injectable and self-healing conductive hydrogel enabled by multiple
hydrogen bonding toward wearable electronics. Chem. Mater. 2019,
31, 4553–4563.

[29]

Zhao, W.; Qu, X. Y.; Xu, Q.; Lu, Y.; Yuan, W.; Wang, W. J.; Wang,
Q.;  Huang,  W.;  Dong,  X.  C.  Ultrastretchable,  self-healable,  and
wearable  epidermal  sensors  based  on  ultralong  Ag  nanowires
composited binary-networked hydrogels. Adv. Electron. Mater. 2020,
6, 2000267.

[30]

Pena-Francesch, A.; Jung, H.; Demirel, M. C.; Sitti, M. Biosynthetic
self-healing  materials  for  soft  machines. Nat.  Mater. 2020, 19,
1230–1235.

[31]

Wang, K.; Lou, Z.; Wang, L. L.; Zhao, L. J.; Zhao, S. F.; Wang, D.
Y.; Han, W.; Jiang, K.; Shen, G. Z. Bioinspired interlocked structure-
induced  high  deformability  for  two-dimensional  titanium  carbide
(MXene)/natural  microcapsule-based flexible pressure sensors. ACS
Nano 2019, 13, 9139–9147.

[32]

Wang, D. Y.; Wang, L. L.; Lou, Z.; Zheng, Y. Q.; Wang, K.; Zhao,
L. J.; Han, W.; Jiang, K.; Shen, G. Z. Biomimetic, biocompatible and
robust  silk  Fibroin-MXene  film  with  stable  3D  cross-link  structure
for flexible pressure sensors. Nano Energy 2020, 78, 105252.

[33]

Cai,  Y.  C.;  Shen,  J.;  Ge,  G.;  Zhang,  Y.  Z.;  Jin,  W.  Q.;  Huang,  W.;
Shao, J. J.; Yang, J.; Dong, X. C. Stretchable Ti3C2Tx MXene/carbon
nanotube  composite  based  strain  sensor  with  ultrahigh  sensitivity
and tunable sensing range. ACS Nano 2018, 12, 56–62.

[34]

Li, R. Y.; Zhang, L. B.; Shi, L.; Wang, P. MXene Ti3C2: An effective
2D  light-to-heat  conversion  material. ACS  Nano 2017, 11,
3752–3759.

[35]

Xing, C. Y.; Chen, S. Y.; Liang, X.; Liu, Q.; Qu, M. M.; Zou, Q. S.;
Li,  J.  H.;  Tan,  H.;  Liu,  L.  P.;  Fan,  D.  Y.  et  al.  Two-dimensional
MXene (Ti3C2)  integrated cellulose hydrogels:  Toward smart  three-
dimensional  network  nanoplatforms  exhibiting  light-induced
swelling  and  bimodal  photothermal/chemotherapy  anticancer
activity. ACS Appl. Mater. Interfaces 2018, 10, 27631–27643.

[36]

Xu, X. W.; Chen, Y. C.; He, P.; Wang, S.; Ling, K.; Liu, L. H.; Lei,
P.  F.;  Huang,  X.  J.;  Zhao,  H.;  Cao,  J.  Y.  et  al.  Wearable
CNT/Ti3C2Tx MXene/PDMS composite strain sensor with enhanced
stability for real-time human healthcare monitoring. Nano Res. 2021,
14, 2875–2883.

[37]

Liu,  G.  Y.;  Zou,  J.  H.;  Tang,  Q.  Y.;  Yang,  X.  Y.;  Zhang,  Y.  W.;
Zhang,  Q.;  Huang,  W.;  Chen,  P.;  Shao,  J.  J.;  Dong,  X.  C.  Surface
modified  Ti3C2 MXene  nanosheets  for  tumor  targeting
photothermal/photodynamic/chemo  synergistic  therapy. ACS  Appl.
Mater. Interfaces 2017, 9, 40077–40086.

[38]

Yuan, W.; Qu, X. Y.; Lu, Y.; Zhao, W.; Ren, Y. F.; Wang, Q.; Wang,
W. J.;  Dong, X. C. MXene-composited highly stretchable,  sensitive
and  durable  hydrogel  for  flexible  strain  sensors. Chin.  Chem.  Lett.
2021, 32, 2021–2026.

[39]

Calver,  P.  Hydrogels  for  soft  machines. Adv.  Mater. 2009, 21,
743–756.

[40]

Simha,  N.  K.;  Carlson,  C.  S.;  Lewis,  J.  L.  Evaluation  of  fracture
toughness  of  cartilage  by  micropenetration. J.  Mater.  Sci.  Mater.
Med. 2004, 15, 631–639.

[41]

Shao, C. Y.; Wang, M.; Meng, L.; Chang, H. L.; Wang, B.; Xu, F.;
Yang, J.; Wan, P. B. Mussel-inspired cellulose nanocomposite tough
hydrogels  with  synergistic  self-healing,  adhesive,  and  strain-
sensitive properties. Chem. Mater. 2018, 30, 3110–3121.

[42]

Shao, C. Y.; Meng, L.; Wang, M.; Cui, C.; Wang, B.; Han, C. R.; Xu,
F.;  Yang,  J.  Mimicking  dynamic  adhesiveness  and  strain-stiffening
behavior  of  biological  tissues  in  tough  and  self-healable  cellulose
nanocomposite  hydrogels. ACS  Appl.  Mater.  Interfaces 2019, 11,
5885–5895.

[43]

Ding, Y.; Zhang, J. J.; Chang, L.; Zhang, X. Q.; Liu, H. L.; Jiang, L.
Preparation  of  high-performance  ionogels  with  excellent
transparency, good mechanical strength, and high conductivity. Adv.
Mater. 2017, 29, 1704253.

[44]

Lu,  Y.;  Qu,  X.  Y.;  Zhao,  W.;  Ren,  Y.  F.;  Si,  W.  L.;  Wang,  W.  J.;
Wang,  Q.;  Huang,  W.;  Dong,  X.  C.  Highly stretchable,  elastic,  and
sensitive  MXene-based  hydrogel  for  flexible  strain  and  pressure
sensors. Research 2020, 2020, 2038560.

[45]

Tan, J. Y.; Li, S. S.; Liu, B. L.; Cheng, H. M. Structure, preparation,
and  applications  of  2D  material-based  metal-semiconductor
heterostructures. Small Struct. 2021, 2, 2170001.

[46]

  4430 Nano Res. 2022, 15(5): 4421–4430

 | www.editorialmanager.com/nare/default.asp



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /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 /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2250
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 <>
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


