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 2,2,6,6-four methyl piperidine nitroxide (TEMPO) was bonded on crosslinked poly(glycidyl meth-acrylate) microspheres (CPGMA microspheres) by ring opening reactions between the epoxy group on the CPGMA microspheres and the hydroxyl group of 4-OH-TEMPO. The obtained heterogeneous TEMPO-immobilized polymeric (TEMPO/CPGMA) microspheres combined with a homogeneous co-catalyst Fe(NO3)3 was used in the oxidation of cyclohexanol by molecular oxygen. The catalytic property and catalytic mechanism were examined. This combination catalyst effectively catalyzed the oxidation of cyclohexanol by molecular oxygen to cyclohexanone as the only product. Both Fe3+ion and NO3– ion in Fe(NO3)3 together played the role of co-catalyst. For this combination catalyst, under the conditions of 1:1 molar ratio of immobilized TEMPO to Fe(NO3)3, 55 °C, ordinary pressure and with a suitable amount of this combination catalyst, the cyclohexanone yield was 44.1%, effec-tively transforming cyclohexanol to cyclohexanone under mild conditions. © 2015, Dalian Institute of Chemical Physics, Chinese Academy of Sciences.Published by Elsevier B.V. All rights reserved.
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1.  Introduction The selective oxidation of primary and secondary alcohols to their aldehydes and ketones is an important functional group transformation in organic chemistry [1–3] which plays a very important role in both laboratory research and fine chemical production. Numerous oxidizing reagents in stoichiometric amount, such as CrO3, KMnO4 and MnO2, have been employed to accomplish this transformation, but they generate environ-mentally hazardous or toxic byproducts [4–6]. From the eco-nomic and environmental viewpoints, molecular O2 as a green oxidant has received much attention in recent years because O2 is inexpensive and water is the only byproduct. Many catalytic systems have been developed for catalytic aerobic alcohol oxi-dation [7–11]. Among the various catalytic systems, the com-binations of 2,2,6,6-tetramethyl piperidine-1-oxyl (TEMPO) and some co-catalysts are attractive and promising [12–14] 

because TEMPO is readily converted to a nitrogen carbonyl cation by a single electron oxidation, and then the nitrogen carbonyl cation as a strong oxidant enables primary and sec-ondary alcohols to be quickly oxidized to the corresponding aldehydes or ketones with a high conversion rate and excellent selectivity. Although these homogeneous TEMPO systems ex-hibit high catalytic activity for aerobic alcohol oxidation, limita-tions still exist such as that the TEMPO chemical agent is ex-pensive, and as a homogeneous catalyst it is difficult to recover and recycle after the reaction. It is possible to overcome these limitations by immobilizing the TEMPO catalyst on a solid sup-port, and the heterogeneous TEMPO catalyst would have the advantages of easy separation and efficient recycling [15–17]. TEMPO has been immobilized on various solid supports, in-cluding silica gel, molecular sieves, and polymeric resins [18–20]. Among these supports, the polymer resin is advanta-geous because active groups can be easily introduced onto it by 
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chemical modification, and these active groups can facilitate the chemical bonding of TEMPO on the polymer resin. The litera-ture rarely has studied about heterogeneous TEMPO catalysts supported on polymer resins. In our previous study, cross-linked poly(glycidyl methacrylate) microspheres (CPGMA mi-crospheres) were prepared by suspension polymerization, and TEMPO was bonded to the CPGMA microspheres by ring open-ing reactions between the epoxy groups on the CPGMA micro-spheres and the hydroxyl groups of 4-OH-TEMPO, resulting in the heterogeneous catalyst microspheres TEMPO/CPGMA [21]. In the present work, the heterogeneous catalyst TEMPO/ CPGMA was combined with a co-catalyst Fe(NO3)3 and was used in the aerobic oxidation of cyclohexanol as a secondary alcohol under mild conditions. The catalyst system constituted by the heterogeneous TEMPO/CPGMA and homogeneous Fe(NO3)3 effectively catalyzed the aerobic oxidation of cyclo-hexanol to cyclohexanone as the sole product with good activi-ty. It was also found that both the Fe3+ and NO3– species in Fe(NO3)3 showed work together. Although there have been some reports on the aerobic oxidation of secondary alcohols by a homogeneous TEMPO analog combined with Fe(NO3)3 [22,23], we report for the first time that the heterogeneous TEMPO, i.e. TEMPO immobilized on polymer microspheres, combined with Fe(NO3)3 can be used for the aerobic oxidation of a secondary alcohol. The catalytic oxidation mechanism was proposed. The result is valuable for the green and effective oxidation transformation of secondary alcohols in organic syn-thesis.    
2.  Experimental 

2.1.  Materials and instruments Glycidyl methacrylate (GMA) was purchased from Nanhang Chemical Ltd. (Suzhou, China) and purified by distillation under vacuum before use. Ethylene dimethacrylate (EGDMA) was supplied by Yantai Kaihua Chemical Co., Ltd. (Shandong, China) and purified by distillation under vacuum before use. 4-Hydroxy-2,2,6,6-four methyl piperidine nitroxide (4-OH-TEMPO) was supplied by Ruishuo Chemical Co., Ltd. (Shanghai, China). Cyclohexanol was supplied by Beijing Chemical Reagent Company (China). Other chemicals were analytically pure reagents purchased from Chinese companies. The instruments used in this study were: Perkin-Elmer 1700 infrared spectrometer (FTIR, Perkin-Elmer Company, USA); 438vp scanning electron microscopy (SEM, LEO compa-ny, UK); GC-920 gas chromatograph (GC, Shanhai Haixin Chro-matograph Co., Ltd.) 
2.2.  Preparation and characterization of the heterogeneous 
catalyst TEMPO/CPGMA Using the procedure described in Ref. [21] (with some changes), the heterogeneous catalyst TEMPO/CPGMA was prepared. (1) The crosslinked polymeric microspheres CPGMA were first prepared by suspension polymerization. The con-tinuous phase was comprised by distilled water containing 

polyvinyl alcohol and NaCl. The monomer GMA was mixed with the crosslinker EGDMA as the oil phase, and this mixture was used as the dispersed phase. By adjusting the agitation speed to ensure good mixing of the two phases, a suspension polymeri-zation system was formed. The initiator azoisobutyronitrile (AIBN) was then added, and the crosslinking copolymerization of GMA and EGDMA was carried out at 55 °C for 5 h under N2 atmosphere, obtaining translucent crosslinked polymeric mi-crospheres GMA/EGDMA (denoted by CPGMA microspheres because GMA was the main monomer). The average diameter of CPGMA microspheres was 100 μm measured by an optical microscope. (2) TEMPO was bonded onto CPGMA micro-spheres by a polymer reaction. CPGMA microspheres were first soaked and swelled in N,N-dimethylformamide (DMF), and then 4-OH-TEMPO was added into the mixture. The ring open-ing reaction between the epoxy groups on the CPGMA micro-spheres and the hydroxyl groups of 4-OH-TEMPO was con-ducted at 85 °C for 12 h under N2 atmosphere with Na2CO3 as a catalyst. The TEMPO-immobilized microsphere TEMPO/ CPGMA catalyst was obtained. The TEMPO/CPGMA micro-spheres were characterized by FTIR, SEM and a chemical anal-ysis method [21]. The immobilized amount of TEMPO on the TEMPO/CPGMA microspheres was 3.14 mmol/g. 
2.3.  Catalytic oxidation of cyclohexanol with molecular O2 TEMPO/CPGMA microspheres in combination with Fe(NO3)3 was used in the catalytic oxidation of cyclohexanol with molecular O2 as oxidant at normal pressure. A typical procedure is as follows. In a reactor equipped with a mechani-cal stirrer, reflux condenser, thermometer and O2 inlet, 50 mL of glacial acetic acid and 10 mL of cyclohexanol were added, followed by adding the combination catalysts containing 1.10 g of TEMPO/CPGMA microspheres and 0.242 g of Fe(NO3)3·9H2O as the co-catalyst. Oxygen at normal pressure was introduced into the mixture (15 mL/min). The oxidation reaction was per-formed at 55 °C with continuously stirring for 36 h. Samples of the reaction mixture were taken at fixed time intervals, and then measured immediately by a gas chromatograph (GC) with the internal standard method. The GC analysis results showed that cyclohexanone was the only product, and so the cyclohex-anone yield was the conversion of cyclohexanol. The cyclohex-anone yield was calculated from the GC data. After the oxida-tion reaction, the TEMPO/CPGMA microspheres were soaked, washed with acetic acid and ethanol in turn to completely re-move cyclohexanone physically attached on the microspheres, and dried under vacuum. The recovered TEMPO/CPGMA mi-crospheres were reused in the oxidation reaction of cyclohex-anol under the same conditions to examine their recycling per-formance.  
2.4.  Examining the main factors in the catalytic oxidation of 
cyclohexanol In order to understand the catalytic mechanism of cyclo-hexanol oxidation by molecular oxygen, the catalytic property of the combination catalyst, TEMPO/CPGMA microspheres and 
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FeCl3+NaNO3 was investigated. The effects of ratio of TEMPO/ CPGMA to Fe(NO3)3, combination catalyst amount and reaction temperature were examined.  
3.  Results and discussion  

3.1.  Preparing the TEMPO/CPGMA microspheres and their 
chemical structure  In this work, the nitroxide free radical was immobilized on the surface of the polymer microspheres containing epoxy groups by an elaborate molecular design. CPGMA microspheres were first prepared by suspension copolymerization of GMA and EGDMA used as a crosslinker. There were abundant active groups, namely, the epoxy groups, on the CPGMA microspheres. Through the ring opening reaction between the epoxy group on the CPGMA microspheres and hydroxyl group of 4-OH-TEMPO under alkaline condition, TEMPO was chemically immobilized on the surface of the CPGMA microspheres, and TEMPO/ CPGMA microspheres were prepared. The process to prepare TEMPO/CPGMA microspheres and their chemical structures is schematically depicted in Scheme 1. In the characterization of the TEMPO/CPGMA microspheres, the infrared spectrum con-firmed their chemical structure, and their morphology was observed by SEM. The detailed results are given in Ref. [21].  
3.2.  Catalytic activity and mechanism  The oxidation of cyclohexanol by molecular oxygen was cat-alyzed by the TEMPO/CPGMA microspheres and Fe(NO3)3 combination catalysts, and was carried out under normal 

pressure of molecular oxygen. Fig.1 gives the curve of cyclo-hexanone yield, i.e., conversion of cyclohexanol versus time. For comparison, the oxidation reaction was also conducted in the presence of TEMPO/CPGMA alone, Fe(NO3)3 alone and with no catalyst, and it was found that there was no reaction in the three systems. For the reaction system with TEMPO/CPGMA microspheres and Fe(NO3)3 added, the oxidation of cyclohexanol was obvious, and the cyclohexanone yield was 44% in 36 h. This showed the immobilized TEMPO in combination with Fe(NO3)3 effectively catalyzed the oxidation of cyclohexanol by molecular oxygen. The results showed only their combination had a catalytic role in the oxidation of cyclohexanol by molecular oxygen.   
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Fig. 1. Curves of cyclohexanone yield with time using the combination of TEMPO/CPGMA and Fe(NO3)3 as co-catalyst or the single compo-nents as catalyst. Reaction conditions: 55 °C, O2 ordinary pressure, acetic acid as solvent. 

  
Scheme 1. Chemical structure of CPGMA and TEMPO/CPGMA microspheres. 
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As reviewed above, various combinations of TEMPO or im-mobilized TEMPO and a co-catalyst can catalyze the aerobic oxidation of alcohols. In the present catalyst system, the immo-bilized TEMPO was the main catalyst, and Fe(NO3)3 was a co-catalyst. In order to confirm that Fe3+ and NO3– in Fe(NO3)3 should work together, a combination of TEMPO/CPGMA, FeCl3 and NaNO3 (with a molar ratio of FeCl3 to NaNO3 of 1:3) was used in the reaction. At the same time, the combination of TEMPO/CPGMA and FeCl3 or NaNO3 were also used, and the results are given in Fig. 2.  When TEMPO/CPGMA, FeCl3 and NaNO3 was used as cata-lyst, the cyclohexanone yield reached nearly 40% in 36 h, close to that of TEMPO/CPGMA and Fe(NO3)3, suggesting that the combination of FeCl3 and NaNO3 can take place of Fe(NO3)3 in the catalytic system. However, no oxidation reaction was ob-served when using the combination of TEMPO/CPGMA and FeCl3 or NaNO3. The results demonstrated that only Fe3+ or NO3– did not play a co-catalyst role in the catalytic system, and only their combination did. The above results confirmed that in the combination of TEMPO/CPGMA microspheres and Fe(NO3)3, both of Fe3+ ion and NO3– ion must act together. From the above experiments and by referring to published TEMPO catalytic systems [24,25], a catalytic oxidation mechanism is proposed in Scheme 2.     

The immobilized TEMPO is responsible for the main oxida-tion reaction of cyclohexanol with the help of Fe(III) that initi-ates a series of electron and proton transfer. During the redox processes, the immobilized TEMPO is oxidized to oxo-ammonium ion by Fe(III) [22]. The oxo-ammonium ion that is a well-known highly efficient oxidant oxidizes cyclohex-anol to cyclohexanone and release the immobilized TEMPOH, while Fe(III) is reduced to Fe(II) finally. The role of NO3– is for the oxidation of Fe(II) to Fe(III), and at the same time, NO3– is reduced to NO2– that was again oxidized to NO3– by dissolved oxygen. There are three cycles in the redox processes as pre-sented in Scheme 2. With repeating of the three cycles, cyclo-hexanol is continuously transformed into cyclohexanone. 
3.3.  Main factors in the catalytic oxidation of cyclohexanol 

3.3.1.  Effect of molar ratio of immobilized TEMPO to Fe(NO3)3  In the reaction system, TEMPO/CPGMA microspheres in a specific amount (1 g) were added, and the added amount of the co-catalyst Fe(NO3)3·9H2O was varied. Fig. 3 gives the results of the oxidation of cyclohexanol.  With increasing amount of Fe(NO3)3, the cyclohexanone yield in the same period of time increased. When the molar ratio of the immobilized TEMPO to Fe(NO3)3 is equal to 1:1, the cyclohexanone yield reached 38% in 36 h, and adding more Fe(NO3)3 did not improve the reaction significantly. Therefore, 1:1 molar ratio of TEMPO to Fe(NO3)3 was considered to be optimum.  
3.3.2.  Effect of combination catalyst amount  The combination of TEMPO/CPGMA and Fe(NO3)3 in the molar ratio of 1:1 was added into the oxidation system. With the fixing of the other reaction conditions, the combination catalyst amount was varied and the results of the oxidation of cyclohexanol are given in Fig. 4.  Fig. 4 displays that the cyclohexanone yield in the same pe-riod of time increased with increasing the amount of combina-tion catalyst. However, after the catalyst amount was increased to 1.1 g the cyclohexanone yield was 44.1% in 36 h, further 
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Fig. 2. Curves of cyclohexanone yield with time using combination ofTEMPO/CPGMA, FeCl3 and NaNO3 as catalyst as well as using other component combination as catalyst. Reaction conditions: 55 °C, O2ordinary pressure, acetic acid as solvent. 

Scheme 2. Catalytic oxidation mechanism of the combination ofTEMPO/CPGMA and Fe(NO3)3. 
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Fig. 3. Curves of cyclohexanone yield with time using different molar ratios of immobilized TEMPO to Fe(NO3)3. Reaction conditions: 55 °C, O2 ordinary pressure, acetic acid as solvent.  
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increasing the combination catalyst amount no longer affected the reaction significantly. Therefore, 1.1 g of this combination catalyst was optimum.  
3.3.3.  Effect of temperature By fixing the other reaction conditions and changing the re-action temperature, the oxidation of cyclohexanol by molecular oxygen was performed as shown in Fig. 5.  It can be seen that cyclohexanone yield increased with tem-perature. However, after the temperature had increased to 55 °C, the variation of the reaction rate with temperature became insignificant. Therefore, the suitable reaction temperature should be 55 °C.   
3.4.  Reuse property of the catalyst The recycle and reuse experiments for the combination cat-alyst, TEMPO/CPGMA and Fe(NO3)3 with a molar ratio of 1:1, were conducted to examine its stability (only the recycle and reuse property of the TEMPO/CPGMA microspheres was tested 

because Fe(NO3)3·9H2O as a homogeneous catalyst was added in each test). Fig. 6 shows the cyclohexanone yield in 36 h as a function of the number of cycles for this combination catalyst system.  It can be observed that during the consecutive reuse of 7 times, the combination catalyst was stable to some extent. In the second use, the cyclohexanone yield decreased obviously from 44.1% to 38.6%. In the third use, the cyclohexanone yield decreased from 38.6% to 36.5%. Thereafter, the combination catalyst was stable, and the cyclohexanone yield remained at 35%.  
4.  Conclusions TEMPO was bonded onto polymeric CPGMA microspheres by a polymer reaction to give TEMPO-immobilized micro-spheres, TEMPO/CPGMA microspheres. These microspheres in combination with Fe(NO3)3 were used in the oxidation of cy-clohexanol by molecular oxygen. The catalytic property of this combination catalyst, TEMPO/CPGMA and Fe(NO3)3, was in-vestigated, and the catalytic mechanism was inferred. This combination catalyst has good catalytic activity in the oxidation of cyclohexanol by molecular oxygen. Under the optimized conditions, with a molar ratio of the immobilized TEMPO to Fe(NO3)3 of 1:1, 55 °C, standard pressure of oxygen and with an appropriate amount of this combination catalyst, the cyclohex-anone yield was 44.1%. This combination catalyst gave only cyclohexanone, showing excellent catalytic selectivity. In the catalytic oxidation, the immobilized TEMPO was the catalyst responsible for the oxidation of cyclohexanol, while Fe(NO3)3 as co-catalyst helped the TEMPO/CPGMA microspheres complete the redox cycle. Both Fe3+ and NO3– in Fe(NO3)3 together play the co-catalyst role. 
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聚合物微球固载的催化剂TEMPO在分子氧氧化环己醇过程中的催化特性 

高保娇*, 张利琴, 陈  涛 
中北大学化学工程系, 山西太原030051 

摘要: 醇氧化为羰基化合物是有机合成工业中最重要的化学转变之一, 在实验室研究和精细化工生产中都占有非常重要的地位. 

使用传统的化学计量强氧化剂(如CrO3, KMnO4, MnO2等), 不但成本高及反应条件苛刻, 还会产生大量污染环境的废弃物.  因此, 

需要大力发展高效、绿色化的醇转变为羰基化合物的氧化途径.  以2,2,6,6-四甲基哌啶氮氧自由基(TEMPO)为催化剂, 分子氧为氧

化剂, 可在温和条件下绿色化地实现醇的氧化转变.  该催化氧化作用的实质是TEMPO经过单电子氧化过程转化为相应的氮羰基

阳离子, 该阳离子是一个具有强氧化性的氧化剂, 可将伯醇和仲醇分别快速地、高转化率、高选择性地氧化为对应的醛或酮.  然

而, 目前使用的TEMPO大多为均相催化剂, 虽然表现出良好的催化活性和选择性, 但反应后难以分离回收, 不能再循环使用, 严重

制约着这一催化体系的发展.  本文将TEMPO化学键合在聚合物载体上, 在非均相催化剂的作用下, 以期实现环已醇的分子氧氧

化, 将其转变为环已酮.  首先采用悬浮聚合法, 制备了交联聚甲基丙烯酸缩水甘油酯(CPGMA)微球, 该聚合物微球表面含有大量

环氧基团, 为实现TEMPO的固载化提供了条件.  以4-羟基-2,2,6,6-四甲基哌啶氮氧自由基(4-OH-TEMPO)为试剂, 使CPGMA微球

表面的环氧基团发生开环反应, 从而将TEMPO键合于微球表面, 制得了固载有TEMPO的聚合物微球TEMPO/CPGMA.  将此非均
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 TEMPO-immobilized polymeric microspheres, TEMPO/CPGMA microspheres, were prepared. A combination of the TEMPO/CPGMA mi-crospheres as heterogenous catalyst and Fe(NO3)3 as homogenous co-catalyst was used in the oxidation of cyclohexanol by molecular oxygen. This combination catalyst effectively catalyzed the oxidation of cyclohexanol by molecular oxygen and cyclohexanol was trans-formed into cyclohexanone as the sole product. 
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相催化剂与Fe(NO3)3组成共催化体系, 应用于分子氧氧化环己醇的催化氧化过程, 深入考察了该共催化体系的催化性能, 并探索

研究了催化氧化机理, 考察了主要条件对催化氧化反应的影响.结果表明, 共催化体系TEMPO/CPGMA+Fe(NO3)3可以有效地催化

分子氧氧化环己醇的氧化过程, 将环己醇转化为唯一的产物环己酮, 显示出良好的催化选择性.  助催化剂Fe(NO3)3化学结构中的

Fe3+离子和NO3
–离子两种物种均参与催化过程, 共同发挥助催化剂的作用, 伴随着两种价态铁物种Fe(Ⅱ)与Fe(Ⅲ)的转变以及

NO3
–与NO2

–之间的转变, 固载化的氮氧自由基TEMPO不断地转变为氮羰基阳离子, 该氧化剂物种使环己醇的氧化反应不断地循

环进行.  对于共催化体系TEMPO/CPGMA+Fe(NO3)3的使用, 适宜的反应条件为TEMPO与Fe(NO3)3的摩尔比为1:1, 55 °C, 通入常

压O2.  反应35 h, 环己酮的转化率可达到44.1%.  因此, 在温和条件下,使用固载化的TEMPO, 有效地实现了环己醇向环己酮的转

化.  此外, 固载化催化剂TEMPO/CPGMA在循环使用过程中表现出良好的重复使用性能. 

关键词: 氮氧自由基; 聚甲基丙烯酸缩水甘油酯; 固载化; 组合催化剂; 环己醇氧化; 分子氧 

收稿日期: 2015-03-09. 接受日期：2015-05-16. 出版日期: 2015-08-20. 

*通讯联系人. 电话: (0351)3924795; 传真: (0351)3922118; 电子信箱: gaobaojiao@126.com 

本文的英文电子版由Elsevier出版社在ScienceDirect上出版(http://www.sciencedirect.com/science/journal/18722067).  

 



<<
  /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 /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /DejaVuSansMono
    /DejaVuSansMono-Bold
    /DejaVuSansMono-BoldOblique
    /DejaVuSansMono-Oblique
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /FangSong
    /FangSong_GB2312
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZSY--SURROGATE-0
    /FZYTK--GBK1-0
    /Gabriola
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /Kartika
    /KristenITC-Regular
    /KunstlerScript
    /LatinWide
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MaturaMTScriptCapitals
    /Meiryo
    /Meiryo-Bold
    /Meiryo-BoldItalic
    /Meiryo-Italic
    /MeiryoUI
    /MeiryoUI-Bold
    /MeiryoUI-BoldItalic
    /MeiryoUI-Italic
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MicrosoftYaHei-Bold
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /STFangsong
    /STSong
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /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 false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /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 <>
    /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 (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [595.276 793.701]
>> setpagedevice


