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Abstract: Owing to carbon materials’ diverse functionalization and versatility, the design and synthesis of carbon-based three-

dimensional porous structures have become important foundational research topics across various fields. Among the various 

methods for producing porous carbon structures, laser-induced graphene (LIG) has garnered attention because of its large surface 

area, controllable structure, excellent electrical conductivity, scalability, and eco-friendly synthesis process. In addition, recent 

research results have reported more novel functionalities by advancing further from the unique characteristics of LIG through 

functionalization or compounding of LIG, making it an attractive material for various applications in electronic devices, sensing, 

catalysis, and energy storage. This review aims to update the research trends in LIG and its functionalization, providing insights 

to inspire more interesting studies on functional LIG to expand its potential applications ultimately. Starting with the synthesis 

method and material characteristics of LIG, we introduce the functionalization of LIG, which is classified into surface 

modification, heteroatom doping, and hybridization based on the interaction mechanism. Finally, we summarize and discuss the 

prospects of LIG and its functionalization. 
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1. INTRODUCTION 

Recently, the importance of nanomaterials has been 

highlighted because of the need for high-speed electronics and 

new renewable energy systems in response to industrial 

advancements. Among various nanomaterials, carbon-based 

nanomaterials are attractive because of their excellent 

physical, chemical, and electrical properties. These make them 

promising candidates for alpha materials that means 

innovative new materials that represent an era, such as iron 

and silicon. Carbon nanomaterials have been developed as a 

broad series of carbon allotropes consisting of zero-

dimensional fullerenes and quantum dots, one-dimensional 

carbon nanotubes (CNTs), two-dimensional graphene, and 

three-dimensional nanohorns. In particular, graphene, which 

has a two-dimensional planar structure of carbon atoms 

arranged in a honeycomb lattice, has attracted considerable 

research attention owing to its remarkable properties, such as 

high electron mobility (200,000 cm2/V∙s) [1,2], thermal 

conductivity (~5,000 W/m∙K) [3], Young’s modulus (~1.0 

Tpa) [4], and optical transmittance (97.7%) [5]. Currently, the 

predominant techniques for the mass production of graphene 

comprise a bottom-up method utilizing chemical vapor 

deposition (CVD graphene) and a top-down method involving 

exfoliation flakes from bulk crystals (denoted as flake 

graphene). CVD graphene offers superior crystallinity [6], 

scalability [7], and patterning capability [8], but requires 

complex synthesis processes, including high reaction 

temperature, long reaction time, and precise regulation of 

airflow [9]. Flake graphene offers a large specific surface area 

and ease of production [10], but exhibits limitations in terms 
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of poor crystallinity, dispersibility, and uniformity. Recently, 

laser-induced graphene (LIG) has been proposed as a 

promising material that can overcome the shortcomings of 

CVD graphene and flake graphene, while maintaining their 

advantages. LIG is a material produced through the 

carbonization and graphitization of a carbon-based polymer 

thin film using a laser-induced photothermal reaction, 

enabling synthesis within a few seconds, and has a three-

dimensional porous structure [11]. Hence, LIG offers 

significant advantages over traditional graphene materials, 

including short synthesis time, vacuum-less process, easy 

patterning, and high production process efficiency. In 

addition, it is possible to implement various performances by 

selectively imparting functional groups only to the necessary 

areas, thereby inducing differentiated physical properties that 

existing graphene materials do not have. However, despite its 

promising properties, there are few studies on the 

functionalization of LIG compared to other carbon-based 

materials, which limits the potential of LIG within the field of 

laboratory research [12-14]. Therefore, it is essential to 

explore the functionalization possibilities to expand the utility 

of LIG applications and related research should be actively 

conducted. This review focuses on the latest advances in LIG 

functionalization (Fig. 1). Starting with the synthesis method 

and characteristics of LIG, its functionalization is introduced 

by classifying it into surface modification, heteroatom doping, 

and hybridization. Finally, the functionalization of the LIG is 

briefly discussed.  

 

 

2. SYNTHESIS OF LASER-INDUCED GRAPHENE 

Extensive research has been conducted on the synthesis of 

LIG using a laser with varying wavelengths [11-18]. Among 

them, the synthesis of LIG using CO2 or UV laser is 

representative, with slight differences in the synthesis 

mechanism. The main difference between the LIG synthesis 

mechanisms of CO2 and UV laser is the primary energy 

absorption process: CO2 lasers primarily heat up the substrate 

to high temperatures to induce decomposition and carbon atom 

release, while UV lasers directly break the C-C bonds in the 

substrate through rapid lattice vibrations. UV laser, which has 

 

Fig. 1. Various approaches to obtain functionalized LIG. 
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a higher energy level, is absorbed more readily by the carbon 

atoms in polyimide (PI). The absorbed energy causes rapid 

lattice vibrations, leading to the release of carbon atoms, such 

as CO and CO2, as gases from the PI. In contrast, the CO2 laser, 

with lower photon energy per unit, is less effective in directly 

breaking C-C bonds in PI. CO2 laser primarily heats up PI to a 

temperature above 800℃ which causes the decomposition of 

PI and the release of carbon atoms. Finally, these carbon atoms 

recombine to form graphene structures due to the high 

temperature created by the laser [19-24]. From a laser 

processing perspective, laser intensity, scanning speed, and 

focal distance are key factors that influence the interaction 

between laser energy and PI [25]. The laser intensity is a 

critical factor in determining the amount of delivered energy 

to PI, an essential parameter for achieving efficient LIG 

synthesis. Higher laser intensities induce stronger lattice 

vibrations and promote the emission of carbon atoms, thereby 

facilitating the formation of graphene structures. Insufficient 

laser intensity leads to incomplete forms, like amorphous 

carbon, while excessively high laser intensities can interfere 

with LIG formation by damaging PI or inducing overheating. 

The scan speed refers to the duration of laser irradiation on PI, 

which can significantly affect the synthesis of LIG. The longer 

interaction times promote the release of more carbon atoms, 

which leads to the formation of graphene structures. However, 

excessively long interaction times can cause PI degradation, 

potentially hindering the formation of LIG. The focal length is 

another important parameter that affects the laser-PI 

interaction during LIG synthesis. This determines the spot size 

of the laser beam on PI, thus affecting the delivered energy 

 

Fig. 2. Schematic illustration of (a) fabrication process of LIG with the photothermal effect of laser irradiation on PI film (reprinted with 

permission from [26] Copyright 2022, Yen, Y. H. et al.), (b) fabrication process of LIG and capabilities of the artificial throat in a single device 

using LIG, and (c) sound emission performance and responses towards various kinds of throat vibrations of the artificial throat (reprinted with 

permission from [32] Copyright 2017, Tao, LQ. et al.). 



 

 

 

206 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 3, pp. 203-213, May 2023: An et al. 

 

 
 

density to PI. A shorter focal length results in smaller spot size 

and higher energy density, which can promote LIG formation. 

However, the optimal focal length varies depending on the 

specific laser parameters and PI. Therefore, careful 

optimization of these laser process parameters is essential to 

achieve high-quality LIG. Lin, J. et al. reported a facile and 

scalable approach for synthesizing and patterning 3D porous 

graphene on PI films under ambient atmospheric conditions 

using commercial CO2 lasers [11]. The photothermal effect 

with localized high temperature and pressure produced by 

laser irradiation converts a PI film into LIG, as depicted in Fig. 

2(a) [26]. The quality of the synthesized LIG was evaluated 

using the following analytical methods. The Raman spectrum 

of LIG exhibits three prominent peaks: D (induced by defects 

or bent sp2 carbon bonds, ~1,350 cm-1), G (first-order zone-

boundary phonons, ~1,580 cm-1), and 2D (second-order zone-

boundary phonons, ~2,700 cm-1) [11,27]. 2D bands are 

typically found in graphite composed of randomly stacked 

graphene layers [28,29]. In addition, the ID/IG ratio indicates 

the degree of disorder or defectiveness in LIG. The X-Ray 

diffraction analysis (XRD) analysis further confirmed the 

degree of graphitization through the peak intensity at 2θ=25.9° 

[11]. Also, the asymmetry observed in the (002) peak can be 

attributed to the presence of defects distributed in the 

hexagonal graphene layer. Transmission electron microscopy 

(TEM) analysis revealed the unusual super-polycrystalline 

properties of the LIG flakes with disordered grain boundaries 

[11]. Unlike the traditional honeycomb structure of graphene, 

the curvature of the LIG layer with a porous structure can be 

explained by the rich pentagon-heptagon pairs [30]. The 

important point is that these defects may provide sites for the 

functionalization of LIG for catalytic applications [31]. Owing 

to these unique material characteristics and production 

efficiency of LIG, researchers are conducting extensive 

research to expand the field of LIG applications [32-40]. As 

shown in Fig. 2(b and c), Tao, LQ. et al. reported an intelligent 

artificial throat using LIG that can generate and detect sound 

in a single device [32]. LIG realizes the functional integration 

of sound emission and detection owing to its superior 

thermoacoustic and piezoresistive properties. In conclusion, 

LIG is an emerging material with considerable attention from 

researchers. Ongoing research is continuously developing its 

applications in various fields based on its unique properties 

and innovative manufacturing methods. 

3. FUNCTIONALIZATION OF LASER-INDUCED 

GRAPHENE 

Functionalization of materials aims to enhance their 

performance and expand their applications by modifying their 

chemical, physical, or electronic properties, through the 

introduction of functional molecules within the surface or bulk 

structures, as well as by modifying the surface structure. 

Diverse research on the functionalization of carbon-based 

materials has been actively conducted [41-47]. Owing to its 

exceptional electrical conductivity, high specific surface area, 

and distinctive porous and three-dimensional structure, LIG 

has become an appealing material for various applications, 

including energy storage, sensing, and catalysis. However, 

despite its advantageous properties, LIG also has some 

limitations that can hinder its practical utilization in certain 

applications, such as its limited chemical reactivity, 

hydrophobic surface, and relatively low mechanical strength. 

By controlling the laser parameters, the structure and 

properties of the LIG can be dramatically functionalized, 

providing that the LIG can overcome these limitations and 

enhance its properties and functionality for various 

applications. There are various approaches to obtaining 

functionalized LIG, which involve techniques such as 

modifying the surface structure, doping with heteroatoms, and 

hybridizing it with functional materials [48-67]. LIG obtained 

through these methods can improve the chemical, physical, 

and electrical properties, enabling increased use of LIG in a 

variety of fields. Functionalization of LIG has been introduced 

by classifying it into surface modification, heteroatom doping, 

and hybridization. 

 

3.1 Surface modification 

One approach for functionalizing LIG is surface 

modification [48-53]. Several surface modification techniques 

have been reported by introducing the results of other carbon 

materials, such as physical treatments, structure control, and 

three-dimensional structuring. Physical treatments, such as 

plasma and UV irradiation, can modify the surface of LIG by 

introducing oxygen-containing functional groups such as 

carboxyl, hydroxyl, and carbonyl groups. These can enhance 

the surface energy and wettability of the material and improve 

its biocompatibility and chemical reactivity [48]. Structural 
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control involves transforming the structure of LIG into a 

porous or fibrous form to enhance certain properties needed 

for applications [49,50]. As another effective method for 

controlling the structure, coating LIG with functional 

materials, such as CNTs and polymers, can improve the 

mechanical and thermal stability of LIG and increase its ability 

to selectively and sensitively detect target analytes [51,52]. 

Finally, three-dimensional structuring, using a laser cutter or 

engraver to cut and shape the LIG material into the desired 3D 

structure, can be achieved by controlling the laser beam 

intensity and duration to selectively remove the material in a 

controlled manner [53]. To expand the range of properties of 

LIG, Li. et al. demonstrated the fabrication of LIG with 

different surface morphologies and surface chemistries under 

selected gas atmospheres, which specifically tuned the 

hydrophobicity and hydrophilicity of the LIG surfaces, as 

shown in Fig. 3(a) [48]. The water contact angle of LIG 

synthesized in a chamber under specific gas atmospheres 

ranged from 0° (superhydrophilic/under air or O2) to over 150° 

(superhydrophobic/under Ar, H2, and SF6), while maintaining 

stability under ambient air conditions. The key parameters 

needed to form diverse surface morphologies of LIG by tuning 

the laser irradiation energy enable the fabrication of vertically 

aligned fibrous LIG forests were studied [49]. To expand this 

concept further, K. H. Choi. et al. reported the triboelectric 

properties of structurally controlled LIG to clarify the key 

factors for improving the energy-harvesting performance [Fig. 

3(b)] [50]. Overall, the results showed that LIG with a fibrous 

structure is the morphology more suitable than a porous 

structure as the active layer of a triboelectric nanogenerator 

Fig. 3. Schematic of (a) synthesis of LIG in a chamber with controlled atmosphere and contact angles of the synthesized LIGs (reprinted with 

permission from [48]. Copyright 2017, WILEY‐VCH), (b) morphology controllable LIG directly synthesized by the working distance 

modulation method and fabricated press/release-type LIG based TENGs (reprinted with permission from [50]. Copyright 2020, Royal Society 

of Chemistry), (c) fabrication process of the BCNT:LIG/Cu composite and related scanning electron microscopy (SEM) images (reprinted 

with permission from [51]. Copyright 2021, WILEY‐VCH), and (d) synthesis process of 3D-printed LIG (reprinted with permission from [53]. 

Copyright 2018, WILEY‐VCH). 
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(TENG). The porous structure of LIG makes it an appealing 

property for energy storage devices; however, the low packing 

density resulting from the macroscopic voids inevitably 

generated during the laser irradiation process hinder the 

enhancement of device performance. As shown in Fig. 3(c), S. 

K. Hyeong. et al. reported the fabrication of compacted laser-

induced composite electrodes for supercapacitors, which 

involved filling unused voids with electrochemically active 

bamboo-like CNTs (BCNTs) to overcome these limitations 

[51]. As a result, the fabricated composite film (denoted as 

BCNT:LIG/Cu) provided an energy density approximately 10 

times higher than that of LIG-based supercapacitors. In pursuit 

of high volumetric performance, D. X. Luong. et al. developed 

a laminated object manufacturing (LOM) technique for the 

direct fabrication of 3D LIG forms (GFs) and subtractive 

laser-milling techniques to improve 3D structures [Fig. 3(d)] 

[53]. The various 3D foam structures of LIG formed by 

combining these two techniques showed good mechanical 

strength and electrical conductivity, demonstrating their 

potential for applications in diverse fields, such as energy 

storage and flexible electronic sensors. 

 

3.2 Heteroatom-doping 

Another method of functionalizing LIG is doping heteroatoms 

or molecules, such as N, B, and S into the LIG lattice during 

the synthesis process [54-58]. The most widely used method 

for the formation of heteroatom-doped LIG is the 

incorporation of a heteroatom-containing precursor during 

LIG synthesis. Incorporating dopants into a material can 

modify its electronic characteristics, such as its electrical 

conductivity or work function, allowing it to be used in 

electronic applications, such as transistors and sensors. Peng. 

et al. illustrated the facile synthesis of B-doped LIG under 

ambient air conditions by the laser irradiation of PI sheets 

containing boric acid, as depicted in Fig. 4(a) [54]. The B-

doped LIG exhibited high-quality and good electrochemical 

properties, while the cyclability and flexibility of the device 

Fig. 4. Schematic of (a) synthesis and reaction mechanisms of B-doped LIG and the fabricated MSC device, along with SEM and TEM images 

(reprinted with permission from [54]. Copyright 2015, American Chemical Society), (b) formation of phosphorous-doped LIG (reprinted with 

permission from [56]. Copyright 2020, Yang. et al.), (c) synthesis process of N and B co-doped LIG (reprinted with permission from [57]. 

Copyright 2021, Elsevier), and (d) synthesis of S-doped LIG via laser irradiation on polysulfone-class polymers (reprinted with permission 

from [58]. Copyright 2018, American Chemical Society). 
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were well maintained. Moreover, Han. et al. developed a facile 

and scalable technique for the in situ synthesis of N-doped LIG 

using a precursor composite approach in conjunction with 

simple laser irradiation [55]. As shown in Fig. 4(b), Yang. et 

al. reported a facile and rapid approach for the preparation of 

P-doped LIG by CO2 laser irradiation of a PI film mixed with 

ammonium polyphosphate (APP) under ambient air 

conditions [56]. The P-doped LIG, which exhibited a high 

specific capacitance, was applied to supercapacitors for 

further study. To expand the doping range (multiple 

heteroatom-doping) of LIG, a facile and versatile approach to 

the fabrication of N and B co-doped and simultaneously 

densified LIG based on a duplicate laser pyrolysis method was 

introduced for supercapacitor applications [Fig. 4(c)] [57]. As 

a result, N and B co-doped LIG, which benefits from the 

synergistic effect between the two heteroatoms, exhibits 

significantly enhanced electrochemical performance compared to 

N-doped LIG and pure LIG without any dopants. Singh, SP. 

et al. demonstrated a solvent-free and reagent-free method to 

produce conformal S-doped LIG directly on a polysulfone-

polymer class in a single step, which can be seen in Fig. 4(d) 

[58]. The S-doped LIG was demonstrated to have various 

potential applications, including its use as a flexible electrode 

that can generate H2O2 more efficiently, as well as antifouling 

surfaces and hybrid membrane-LIG porous filters with 

antimicrobial properties. 

 

3.3 Hybridization 

The hybridization of LIG with nanoparticles has been 

widely studied as a technology for forming hybrid materials 

by combining the advantages of each material [59-64]. 

Various techniques, such as physical deposition, chemical 

reduction, and covalent attachment, can be used to create 

hybrid materials between the LIG and nanoparticles. Physical 

deposition involves the deposition of nanoparticles on the 

surface of LIG using physical techniques, such as drop-casting 

and spin-coating, resulting in the formation of a thin film or 

layer of nanoparticles on the surface of LIG. Chemical 

reduction involves reducing metal ions in a solution 

containing LIG to create metal nanoparticles that attach to the 

surface of the LIG. This method can be used to produce 

various metal nanoparticles including Au, Ag, Pt, and Pd. 

Covalent attachment refers to the modification of LIG with 

active functional groups that can chemically bond to the 

surface of the nanoparticles. J. Zhao. et al. reported high-

performance flexible planar NiO/NLIG (NiO nanoparticles 

anchored on N-doped LIG) composite microsupercapacitors 

(MSCs) fabricated by a facile and rapid laser direct writing 

method, as presented in Fig. 5(a) [59]. The flexible NiO/NLIG 

MSCs showed good electrochemical properties with 

remarkable areal specific capacitance, superior areal energy 

density at high areal power density, excellent stability, and 

good cycling performance. As shown in Fig. 5(b), direct laser 

irradiation of a metal-complex-containing PI film resulted in 

the in situ formation of nanoparticles embedded in LIG [60]. 

Nanoparticles synthesized as such were varied, ranging from 

metal oxides to metal dichalcogenides, and showed high 

activity in several electrochemical reactions, including oxygen 

reduction and hydrogen evolution. R. Xu. et al. developed a 

simple one-step laser irradiation method to design MnO2 

nanoparticles uniformly distributed on LIG as shape-

controllable electrodes for MSCs (MnO2/LIG MSCs), which 

can be seen in Fig. 5(c) [61]. The obtained MnO2/LIG MSCs 

showed remarkable areal specific capacity, high energy 

density at a high power density, good mechanical flexibility, 

and modular integration. To develop approaches for the in-situ 

synthesis of metal oxide/LIG composites for OER or ORR 

bifunctional catalysts, a facile solid-phase synthesis technique 

to produce Co3O4/LIG was studied [Fig. 5(d)] [62]. To 

simplify the fabrication process of ZnO/carbon composites, J. 

Rodrigues. et al. demonstrated the synthesis of ZnO-decorated 

LIG through a direct-laser scribing approach using a CO2 laser 

under ambient conditions, as depicted in Fig. 5(e) [63]. 

Electrochemical characterization revealed the presence of 

charge transfer between LIG and ZnO, and the inclusion of 

ZnO nanoparticles improved the capacitance of the ZnO/LIG 

composite compared to that of pristine LIG. In addition, active 

research has been conducted on new 2D nanomaterials, such 

as transition-metal dichalcogenides (TMDs), to improve the 

performances of supercapacitors by increasing their specific 

capacitance [64-66]. F. Clerici. et al. reported a one-pot 

synthesis method to produce MoS2-decorated LIG (MoS2-

LIG) by directly irradiating a laser onto a PI film [Fig. 5(f)] 

[67]. The fabricated MoS2-LIG has a 3D arrangement of 

agglomerates of wrinkled graphene flakes decorated with 

MoS2 nanosheets. Owing to its good electrical properties and 

high surface area, the composite is well-suited for use as an 
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electrode material in supercapacitors, capable of exhibiting 

both electric double-layer and pseudocapacitance behaviors. 

 

 

4. SUMMARY AND PROSPECTS 

This article reviews the synthesis and functionalization of 

LIG, a porous three-dimensional graphene produced by 

carbonizing and graphitizing carbon-based polymer thin films 

using a laser. LIG paves the way for a novel application that 

relies on distinctive attributes that deviate from those exhibited 

by conventional CVD and flake graphene. From a technical 

perspective, functionalization of a material with a laser 

scribing system offers significant advantages, including short 

synthesis times, facile patterning, and high processing 

efficiency under ambient conditions. In particular, this 

 

Fig. 5. Schematic illustration of (a) fabrication process of flexible planar NiO/NLIG MSCs (reprinted with permission from [59]. Copyright 

2022, American Chemical Society), (b) formation of MO-LIG from MC-PI films and related TEM images (reprinted with permission from 

[60]. Copyright 2015, American Chemical Society), (c) fabrication process of flexible planar MnO2/LIG MSCs (reprinted with permission 

from [61]. Copyright 2021, Elsevier), (d) preparation process of the Co3O4/LIG catalyst and SEM and TEM images (reprinted with permission 

from [62]. Copyright 2018, Elsevier), (e) preparation process of ZnO decorated LIG composites (reprinted with permission from [63]. 

Copyright 2019, J. Rodrigues. et al.), and (f) laser irradiation on a MoS2-covered PI film to fabricate MoS2-decorated LIG and its SEM images

(reprinted with permission from [67]. Copyright 2016, American Chemical Society). 
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approach distinguishes itself from conventional methods 

because it allows selective modification of only specific 

regions on a substrate with functional groups, thereby enabling 

the realization of various performance characteristics on a 

single surface. Despite such excellent material and 

technological potential, research related to the functionali-

zation of LIG still less extensive than for existing carbon 

nanomaterials. Herein, the functionalization of LIG, which 

combines these excellent material properties and synthesis 

technology, is introduced by classifying it into surface 

modification, heteroatom doping, and hybridization. 

Functionalization of LIG can be achieved through surface 

modification techniques such as structural changes, physical 

treatments, and coating with functional materials. 

Functionalizing LIG through doping with heteroatoms or 

molecules such as N, B, and S modifies its electronic 

characteristics, allowing it to be used in electronic applications 

such as transistors and sensors. The hybridization of LIG and 

nanoparticles is a widely studied technology for forming 

hybrid materials with combined advantages. Various 

techniques, such as physical deposition, chemical reduction, 

and covalent attachment, can be used to create hybrid 

materials which exhibit excellent electrochemical properties 

and stability, making them suitable for use in supercapacitors. 

In addition to the research presented in this review, various 

studies related to LIG functionalization have been conducted. 

The continuous expansion of research on LIG and its 

functionalization is expected to drive the emergence of new 

methods of functionalization and applications, which will 

ultimately lead to further progress and innovation in the field, 

particularly considering the vast potential of LIG 

functionalization in areas such as energy storage, electronics, 

sensors, and biomedicine. 

 

 

ORCID  

Seoung-Ki Lee https://orcid.org/0000-0002-8786-0251 

 

 

ACKNOWLEDGEMENTS 

This work was financially supported by a National Research 

Foundation of Korea (NRF) grant funded by the Korean 

government (Grant no.2022R1F1A1072339) and the Ministry 

of Trade, Industry & Energy of Korea (20019508). 

REFERENCES 

[1]  K. I. Bolotin, K. J. Sikes, Z. Jiang, M. Klima, G. Fudenberg, J. 

Hone, P. Kim, and H. L. Stormer, Solid State Commun., 146, 

351 (2008). [DOI: https://doi.org/10.1016/j.ssc.2008.02.024] 

[2]  S. V. Morozov, K. S. Novoselov, M. I. Katsnelson, F. Schedin, 

D. C. Elias, J. A. Jaszczak, and A. K. Geim, Phys. Rev. Lett., 

100, 016602 (2008). [DOI: https://doi.org/10.1103/PhysRev 

Lett.100.016602] 

[3]  A. A. Balandin, S. Ghosh, W. Bao, I. Calizo, D. Teweldebrhan, 

F. Miao, and C. N. Lau, Nano Lett., 8, 902 (2008). [DOI: 

https://doi.org/10.1021/nl0731872] 

[4]  C. Lee, X. Wei, J. W. Kysar, and J. Hone, Science, 321, 385 

(2008). [DOI: https://doi.org/10.1126/science.1157996] 

[5]  R. R. Nair, P. Blake, A. N. Grigorenko, K. S. Novoselov, T. J. 

Booth, T. Stauber, N.M.R. Peres, and A. K. Geim, Science, 320, 

1308 (2008). [DOI: https://doi.org/10.1126/science.1156965] 

[6]  H. Ago, Y. Ogawa, M. Tsuji, S. Mizuno, and H. Hibino, J. Phys. 

Chem. Lett., 3, 2228 (2012). [DOI: https://doi.org/10.1021/ 

jz3007029] 

[7]  S. Bae, H. Kim, Y. Lee, X. Xu, J. S. Park, Y. Zheng, J. 

Balakrishnan, T. Lei, H. R. Kim, Y. I. Song, Y. J. Kim, K. S. 

Kim, B. Özyilmaz, J. H. Ahn, B. H. Hong, and S. Iijima, Nat. 

Nanotechnol., 5, 574 (2010). [DOI: https://doi.org/10.1038/ 

nnano.2010.132] 

[8]  W. Liu, B. L. Jackson, J. Zhu, C. Q. Miao, C. H. Chung, Y. J. 

Park, K. Sun, J. Woo, and Y. H. Xie, Acs Nano, 4, 3927 (2010). 

[DOI: https://doi.org/10.1021/nn100728p] 

[9]  R. Muñoz and C. Gómez-Aleixandre, Chem. Vap. Deposition, 

19, 297 (2013). [DOI: https://doi.org/10.1002/cvde.201300051] 

[10]  Y. Hernandez, V. Nicolosi, M. Lotya, F. M. Blighe, Z. Sun, S. 

De, I. T. McGovern, B. Holland, M. Byrne, Y. K. Gun’Ko, J. J. 

Boland, P. Niraj, G. Duesberg, S. Krishnamurthy, R. Goodhue, 

J. Hutchison, V. Scardaci, A. C. Ferrari, and J. N. Coleman, Nat. 

Nanotechnol., 3, 563 (2008). [DOI: https://doi.org/10.1038/ 

nnano.2008.215] 

[11]  J. Lin, Z. Peng, Y. Liu, F. Ruiz-Zepeda, R. Ye, E.L.G. Samuel, 

M. J. Yacaman, B. I. Yakobson, and J. M. Tour, Nat. Commun., 

5, 5714 (2014). [DOI: https://doi.org/10.1038/ncomms6714] 

[12]  F. M. Vivaldi, A. Dallinger, A. Bonini, N. Poma, L. Sembranti, 

D. Biagini, P. Salvo, F. Greco, and F. D. Francesco, ACS Appl. 

Mater. Interfaces, 13, 30245 (2021). [DOI: https://doi.org/ 

10.1021/acsami.1c05614] 

[13]  R. Ye, D. K. James, and J. M. Tour, Acc. Chem. Res., 51, 1609 

(2018). [DOI: https://doi.org/10.1021/acs.accounts.8b00084] 

[14]  R. Ye, D. K. James, and J. M. Tour, Adv. Mater., 31, 1803621 

(2018). [DOI: https://doi.org/10.1002/adma.201803621] 

[15]  L. Wang, Z. Wang, A. N. Bakhtiyari, and H. Zheng, 

Micromachines, 11, 1094 (2020). [DOI: https://doi.org/10.3390/ 

mi11121094] 

[16]  J. U. Lee, Y. W. Ma, S. Y. Jeong, and B. S. Shin, Materials, 13, 

3930 (2020). [DOI: https://doi.org/10.3390/ma13183930] 



 

 

 

212 J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 3, pp. 203-213, May 2023: An et al. 

 

 
 

[17]  N. F. Santos, S. O. Pereira, A. Moreira, A. V. Girão, A. F. 

Carvalho, A.J.S. Fernandes, and F. M. Costa, Adv. Mater. 

Technol., 6, 2100007 (2021). [DOI: https://doi.org/10.1002/ 

admt.202100007] 

[18]  A. F. Carvalho, A.J.S. Fernandes, C. Leitão, J. Deuermeier, A. 

C. Marques, R. Martins, E. Fortunato, and F. M. Costa, Adv. 

Funct. Mater., 28, 1805271 (2018). [DOI: https://doi.org/10.1002/ 

adfm.201805271] 

[19]  Y. Dong, S. C. Rismiller, and J. Lin, Carbon, 104, 47 (2016). 

[DOI: https://doi.org/10.1016/j.carbon.2016.03.050] 

[20]  E. G. Gamaly, A. V. Rode, B. Luther-Davies, and V. T. 

Tikhonchuk, Phys. Plasmas, 9, 949 (2002). [DOI: https://doi.org/ 

10.1063/1.1447555] 

[21]  S. E. Burrows, A. Rashed, D. P. Almond, and S. Dixon, 

Nondestr. Test. Eval., 22, 217 (2007). [DOI: https://doi.org/ 

10.1080/10589750701448605] 

[22]  T. Li, D. P. Almond, and D.A.S. Rees, Meas. Sci. Technol., 22, 

035701 (2011). [DOI: https://doi.org/10.1088/0957-0233/22/3/ 

035701] 

[23]  H. Y. Zheng, T. T. Tan, and W. Zhou, Opt. Lasers Eng., 47, 180 

(2009). [DOI: https://doi.org/10.1016/j.optlaseng.2008.06.015] 

[24]  L. Wang, Z. Wang, A. N. Bakhtiyari, and H. Zheng, 

Micromachines, 11, 1094 (2020). [DOI: https://doi.org/ 

10.3390/mi11121094] 

[25]  H. Palneedi, J. H. Park, D. Maurya, M. Peddigari, G. T. Hwang, 

V. Annapureddy, J. W. Kim, J. J. Choi, B. D. Hahn, S. Priya, K. 

J. Lee, and J. Ryu, Adv. Mater., 30, 1705148 (2018). [DOI: 

https://doi.org/10.1002/adma.201705148]  

[26]  Y. H. Yen, C. S. Hsu, Z. Y. Lei, H. J. Wang, C. Y. Su, C. L. Dai, 

and Y. C. Tsai, Micromachines, 13, 1220 (2022). [DOI: 

https://doi.org/10.3390/mi13081220] 

[27]  A. C. Ferrari, J. C. Meyer, V. Scardaci, C. Casiraghi, M. Lazzeri, 

F. Mauri, S. Piscanec, D. Jiang, K. S. Novoselov, S. Roth, and 

A. K. Geim, Phys. Rev. Lett., 97, 187401 (2006). [DOI: 

https://doi.org/10.1103/PhysRevLett.97.187401] 

[28]  L. G. Cançado, M. A. Pimenta, R. Saito, A. Jorio, L. O. Ladeira, 

A. Grueneis, A. G. Souza-Filho, G. Dresselhaus, and M. S. 

Dresselhaus, Phys. Rev. B, 66, 035415 (2002). [DOI: 

https://doi.org/10.1103/PhysRevB.66.035415] 

[29]  M. A. Pimenta, G. Dresselhaus, M. S. Dresselhaus, L. G. 

Cançado, A. Jorio, and R. Saito, Phys. Chem. Chem. Phys., 9, 

1276 (2007). [DOI: https://doi.org/10.1039/B613962K] 

[30]  J. Ma, D. Alfè, A. Michaelides, and E. Wang, Phys. Rev. B, 80, 

033407 (2009). [DOI: https://doi.org/10.1103/PhysRevB.80. 

033407] 

[31]  C. Su, M. Acik, K. Takai, J. Lu, S. J. Hao, Y. Zheng, P. Wu, Q. 

Bao, T. Enoki, Y. J. Chabal, and K. P. Loh, Nat. Commun., 3, 

1298 (2012). [DOI: https://doi.org/10.1038/ncomms2315] 

[32]  L. Q. Tao, H. Tian, Y. Liu, Z. Y. Ju, Y. Pang, Y. Q. Chen, D. Y. 

Wang, X. G. Tian, J. C. Yan, N. Q. Deng, Y. Yang, and T. L. 

Ren, Nat. Commun., 8, 14579 (2017). [DOI: https://doi.org/ 

10.1038/ncomms14579] 

[33]  T. Beduk, A. A. Lahcen, N. Tashkandi, and K. N. Salama, Sens. 

Actuators, B, 314, 128026 (2020). [DOI: https://doi.org/10.1016/ 

j.snb.2020.128026] 

[34]  C. Zhang, J. Ping, and Y. Ying, Sci. Total Environ., 714, 136687 

(2020). [DOI: https://doi.org/10.1016/j.scitotenv.2020.136687] 

[35]  T. Han, A. Nag, R.B.V.B. Simorangkir, N. Afsarimanesh, H. 

Liu, S. C. Mukhopadhyay, Y. Xu, M. Zhadobov, and R. Sauleau, 

Sensors, 19, 3477 (2019). [DOI: https://doi.org/10.3390/ 

s19163477] 

[36]  A. Nag, S. C. Mukhopadhyay, J. Kosel, Sens. Actuators, A, 264, 

107 (2017). [DOI: https://doi.org/10.1016/j.sna.2017.08.008] 

[37]  B. F. Machado and P. Serp, Catal. Sci. Technol., 2, 54 (2012). 

[DOI: https://doi.org/10.1039/C1CY00361E] 

[38]  H. Tian, Y. Shu, X. F. Wang, M. A. Mohammad, Z. Bie, Q. Y. 

Xie, C. Li, W. T. Mi, Y. Yang, and T. L. Ren, Sci. Rep., 5, 8603 

(2015). [DOI: https://doi.org/10.1038/srep08603] 

[39]  B. Davaji, H. D. Cho, M. Malakoutian, J. K. Lee, G. Panin, T. 

W. Kang, and C. H. Lee, Sci. Rep., 7, 8811 (2017). [DOI: 

https://doi.org/10.1038/s41598-017-08967-y] 

[40]  S. Pisana, P. M. Braganca, E. E. Marinero, and B. A. Gurney, 

IEEE Trans. Magn., 46, 1910 (2010). [DOI: https://doi.org/ 

10.1109/TMAG.2010.2041048] 

[41]  J. H. Jeong, S. Kang, N. Kim, R. Joshi, and G. H. Lee, Phys. 

Chem. Chem. Phys., 24, 10684 (2022). [DOI: https://doi.org/ 

10.1039/D1CP04831G] 

[42]  G. Speranza, J. Carbon Res., 5, 84 (2019). [DOI: https://doi.org/ 

10.3390/c5040084] 

[43]  R. Afshari and A. Shaabani, ACS Comb. Sci., 20, 499 (2018). 

[DOI: https://doi.org/10.1021/acscombsci.8b00072] 

[44]  A. R. Brill, E. Koren, and G. de Ruiter, J. Mater. Chem. C, 9, 

11569 (2021). [DOI: https://doi.org/10.1039/D1TC01534F] 

[45]  V. Georgakilas, M. Otyepka, A. B. Bourlinos, V. Chandra, N. 

Kim, K. C. Kemp, P. Hobza, R. Zboril, and K. S. Kim, Chem. 

Rev., 112, 6156 (2012). [DOI: https://doi.org/10.1021/cr300 

0412] 

[46]  I. A. Vacchi, C. Ménard-Moyon, and A. Bianco, Phys. Sci. Rev., 

2, 20160103 (2017). [DOI: https://doi.org/10.1515/psr-2016-

0103] 

[47]  V. Georgakilas, J. N. Tiwari, K. C. Kemp, J. A. Perman, A. B. 

Bourlinos, K. S. Kim, and R. Zboril, Chem. Rev., 116, 5464 

(2016). [DOI: https://doi.org/10.1021/acs.chemrev.5b00620] 

[48]  Y. Li, D. X. Luong, J. Zhang, Y. R. Tarkunde, C. Kittrell, F. 

Sargunaraj, Y. Ji, C. J. Arnusch, and J. M. Tour, Adv. Mater., 

29, 1700496 (2017). [DOI: https://doi.org/10.1002/adma.2017 

00496] 

[49]  L. X. Duy, Z. Peng, Y. Li, J. Zhang, Y. Ji, and J. M. Tour, 

Carbon, 126, 472 (2018). [DOI: https://doi.org/10.1016/ 

j.carbon.2017.10.036] 

[50]  K. H. Choi, S. Park, S. K. Hyeong, S. Bae, J. M. Hong, T. W. 

Kim, S. H. Lee, S. Ryu, and S. K. Lee, J. Mater. Chem. A, 8, 



 

 

 

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 3, pp. 203-213, May 2023: An et al. 213 

 

 
 

19822 (2020). [DOI: https://doi.org/10.1039/D0TA05806H] 

[51]  S. K. Hyeong, M. Park, S. I. Kim, S. Park, K. H. Choi, M. J. Im, 

N. D. Kim, T. W. Kim, S. H. Lee, J. W. Park, S. Bae, J. H. Lee, 

and S. K. Lee, Adv. Mater. Technol., 7, 2101105 (2022). [DOI: 

https://doi.org/10.1002/admt.202101105] 

[52]  J. Zhao, J. Luo, Z. Zhou, C. Zheng, J. Gui, J. Gao, and R. Xu, 

Sens. Actuators, A, 323, 112658 (2021). [DOI: https://doi.org/ 

10.1016/j.sna.2021.112658] 

[53]  D. X. Luong, A. K. Subramanian, G. A. Lopez Silva, J. Yoon, 

S. Cofer, K. Yang, P. S. Owuor, T. Wang, Z. Wang, J. Lou, P. 

M. Ajayan, and J. M. Tour, Adv. Mater., 30, 1707416 (2018). 

[DOI: https://doi.org/10.1002/adma.201707416] 

[54]  Z. Peng, R. Ye, J. A. Mann, D. Zakhidov, Y. Li, P. R. Smalley, 

J. Lin, and J. M. Tour, ACS Nano, 9, 5868 (2015). [DOI: 

https://doi.org/10.1021/acsnano.5b00436] 

[55]  S. Han, C. Liu, N. Li, S. Zhang, Y. Song, L. Chen, M. Xi, X. Yu, 

W. Wang, M. Kong, and Z. Wang, CrystEngComm, 24, 1866 

(2022). [DOI: https://doi.org/10.1039/D1CE01608C]  

[56]  W. Yang, Y. Liu, Q. Li, J. Wei, X. Li, Y. Zhang, and J. Liu, RSC 

Adv., 10, 23953 (2020). [DOI: https://doi.org/10.1039/D0RA 

03363D] 

[57]  M. Khandelwal, C. Van Tran, J. Lee, and J. B. In, Chem. Eng. 

J., 428, 131119 (2022). [DOI: https://doi.org/10.1016/j.cej. 

2021.131119] 

[58]  S. P. Singh, Y. Li, J. Zhang, J. M. Tour, and C. J. Arnusch, ACS 

Nano, 12, 289 (2018). [DOI: https://doi.org/10.1021/acsnano. 

7b06263] 

[59]  J. Zhao, S. Wang, L. Gao, D. Zhang, Y. Guo, and R. Xu, ACS 

Appl. Nano Mater., 5, 11314 (2022). [DOI: https://doi.org/ 

10.1021/acsanm.2c02434] 

[60]  R. Ye, Z. Peng, T. Wang, Y. Xu, J. Zhang, Y. Li, L. G. Nilewski, 

J. Lin, and J. M. Tour, ACS Nano, 9, 9244 (2015). [DOI: 

https://doi.org/10.1021/acsnano.5b04138] 

[61]  R. Xu, Z. Wang, L. Gao, S. Wang, and J. Zhao, Appl. Surf. Sci., 

571, 151385 (2022). [DOI: https://doi.org/10.1016/j.apsusc. 

2021.151385] 

[62]  M. Ren, J. Zhang, and J. M. Tour, Carbon, 139, 880 (2018). 

[DOI: https://doi.org/10.1016/j.carbon.2018.07.051] 

[63]  J. Rodrigues, J. Zanoni, G. Gaspar, A.J.S. Fernandes, A. F. 

Carvalho, N. F. Santos, T. Monteiro, and F. M. Costa, 

Nanoscale Adv., 1, 3252 (2019). [DOI: https://doi.org/10.1039/ 

C8NA00391B] 

[64]  M. R. Gao, Y. F. Xu, J. Jiang, and S. H. Yu, Chem. Soc. Rev., 

42, 2986 (2013). [DOI: https://doi.org/10.1039/C2CS35310E] 

[65]  M. Pumera, Z. Sofer, and A. Ambrosi, J. Mater. Chem. A, 2, 

8981 (2014). [DOI: https://doi.org/10.1039/C4TA00652F] 

[66]  M. Chhowalla, H. S. Shin, G. Eda, L. J. Li, K. P. Loh, and H. 

Zhang, Nat. Chem., 5, 263 (2013). [DOI: https://doi.org/10.1038/ 

nchem.1589]  

[67]  F. Clerici, M. Fontana, S. Bianco, M. Serrapede, F. Perrucci, S. 

Ferrero, E. Tresso, and A. Lamberti, ACS Appl. Mater. 

Interfaces, 8, 10459 (2016). [DOI: https://doi.org/10.1021/ 

acsami.6b00808] 

 

 



<<
  /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


