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Abstract  The poly(2,2-dimethyltrimethylene carbonate) (PDTC) with one hydroxyl and one formate terminal functions was 
synthesized by in situ generated, tetrahydrosalen stabilized yttrium borohydride complex. The influences of 
monomer/initiator molar ratio, temperature and reaction time on polymerization of DTC were investigated. Under the 
condition: [DTC]/[I] = 500, 55C, toluene: 0.5 mL, DTC: 0.6 g, PDTC with Mn = 15600 and PDI = 2.15 was obtained. 
Through 1H-NMR and 13C-NMR analyses, the structure of PDTC was characterized and a coordination-insertion mechanism 
was proposed. In addition, the random copolymerization of DTC and caprolactone (CL) initiated by rare-earth borohydride 
compound was studied. The microstructure of PDTC-co-PCL includes four diads: DTC-CL, CL-CL, DTC-DTC and CL-
DTC, which were determined by the specific signals in 1H-NMR spectra. Based on the typical signals of the formate ( = 
8.08) and hydroxyl ( = 3.34) end groups of PDTC-co-PCL, a mechanism involving DTC monomer inserts before CL during 
the initiation process was presumed. Furthermore, the thermal properties of amorphous copolymer were characterized by 
differential scanning calorimetry (DSC). The results support the random structure of PDTC-co-PCL. 
 
Keywords: Ring-opening polymerization; 2,2-Dimethyltrimethylene carbonate; ε-Caprolactone; Rare-earth borohydride 
complex. 
 

INTRODUCTION 

Aliphatic polyesters and polycarbonates, such as poly(-caprolactone) (PCL), polylactide (PLA), 
poly(trimethylene carbonate) (PTMC), poly(2,2-dimethyltrimethylene carbonate) (PDTC), etc. and their 
derivative copolymers or polymer blends attract growing attention in recent years for their favorable 
biocompatibility and biodegradability[18]. Among the biodegradable polymers, aliphatic polyesters were warmly 
welcomed because their hydrolytic products can be metabolized into nontoxic and non-allergic substances. 
Application of such polymers prepared by ring-opening polymerization of lactones have already been developed 
worldwide, including bioresorbable devices in surgery (sutures, stents, bone internal fixation devices, 
scaffolding matrice for tissue regeneration) and in pharmacology (drug delivery vehicles)[9, 10]. Compared with 
the conventional polyesters such as poly(lactide acid) and poly(adipic anhydride), aliphatic polycarbonates’ 
degradable products are less acidic and easier for modification[11, 12]. In order to prepare these biomedical and 
environmentally benign polymers, Shen et al. and Guillaume et al.[1316] have made a lot of efforts by using rare-
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earth catalysts. As previous report, the Salen ligand stabilized, in situ generated rare-earth borohydride 
compounds are proved to be an efficient initiators for the ring-opening polymerization (ROP) of -
caprolactone[17, 18] and the resulting dihydroxyltelechelic polymers allows further modification or 
functionalization.  

In the present study, we report the polymerization of DTC initiated by in situ generated, tertrahydrosalen-
stabilized yttrium borohydride complex. Comparisons of the related polymerization of CL with the same 
initiator were also drawn. Furthermore, we investigate the random copolymerization of DTC with CL in the 
aspects of the polymerization condition, the mechanistic insights and the influence of copolymer composites on 
the thermodynamics and crystallinity of the product PDTC-co-PCL. 

EXPERIMENTAL 

Materials 
All experiments concerning air-sensitive compounds were carried out under argon atmosphere, using standard 
Schlenk technique. -CL (Alpha product, 99%) was dried over CaH2 and freshly distilled under reduced 
pressure prior to use. 2,2-Dimethyltrimethylene carbonate (DTC) was synthesized according to the literature[19], 
recrystalized three times in the co-solvent (THF:diethyl ether = 1:4) and then dried under vacuum at 40C before 
use. Dimethoxyethane (DME) is freshly distilled from potassium using benzophenone ketyl as indicator. In situ 
generated, tetrahydrosalen-stablized yttrium borohydride compound, used as an initiator in the study, was 
prepared according to the previous report[20]. 

Polymerization 
All the polymerizations including the homopolymerization of DTC and its copolymerization with ε-CL were 
performed in previously flamed and argon-purged glass ampules. For example, the initiator solution was added 
into 0.6 g of DTC and 0.5 mL of CL in toluene in the ampule by syringe. The polymerization was quenched by 
5% HCl ethanol and the copolymer was washed several times and dried in vacuum. The copolymers with 
different DTC/CL unit molar ratios were obtained by varying the comonomer molar ratio in feed. 

Measurements 
1H-NMR and 13C-NMR spectra were performed on a Bruker Avance DMX500 spectrometer using 
tetramethylsilane (TMS) as internal standard and CDCl3 as a solvent. Molecular weight and molecular weight 
distribution was determined by a Waters 1525/2414 GPC (gel permeation chromatography) system with THF as 
the eluent. Polystyrene standards were used to generate a calibration curve. Differential scanning calorimetry 
(DSC) measurements were carried out with a Perkin Elmer Pyris 1 apparatus. Samples were heated from 60C 
to 150C (first heating scan) with a heating rate of 10 K·min1, immediately cooled to 60C and heated again to 
150C (second heating scan). 

RESULTS AND DISCUSSION 

Hompolymerization of DTC Initiated by Yttrium Borohydride Complex 
According to a reported in situ generation method[20], the rare-earth borohydride complex can be easily prepared 
by the salt metathesis of tetrahydrosalen-stablized rare-earth chloride compound and borohydride sodium. A 
high reactivity of the similar initiator has been proved during the polymerization of TMC[21]. In the present 
study, the yttrium borohydride compound is found to be an efficient initiator for the ring-opening 
polymerization of DTC. Table 1 shows the influence of different reaction conditions on the ROP of DTC. As 
summarized, the molarcular weight (Mn) of PDTC increases with monomer/initiator ratio ([M]/[I]) from 6500 to 
20300 while the molarcular weight distribution (PDI) of PDTC ranges from 1.72 to 2.32. Distinguished from the 
previous report[21, 22], the linear relationship between the yield and Mn of PDTC with the [M]/[I] or reaction time 
was not observed within the tested range. With higher temperature or prolonged reaction time, the PDI of the 
polymer product becomes larger. The molecular weight of PDTC increases with temperature (from 40C to 
55C, Mn increases from 1.02  104 to 1.56  104) at first but strongly decreases at higher temperature (T = 
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85C, Mn = 0.87  104). The reason may be that higher temperature causes the occurrence of ester exchange 
reaction during the propagation which led to the lower Mn and larger PDI. The trend of the effect of reaction 
time on the yield and Mn is the same as that of temperature. 

 
Table 1. Polymerization of DTC in different [M]/[I] ratio, temperature and time 

Entry [M]/[I] T (C) Time (min) Conversion (%)a Mn  104 b PDI 
1 200 55 60 86 0.65 1.76 
2 300 55 60 90 0.87 1.75 
3 400 55 60 94 1.35 2.32 
4 500 55 60 91 1.56 2.15 
5 600 55 60 90 1.91 2.12 
6 1000 55 60 88 2.01 1.86 
7 1200 55 60 84 2.03 1.72 
8 500 40 60 90 1.02 1.92 
9 500 70 60 90 1.21 2.23 
10 500 85 60 88 0.87 2.36 
11 500 55 30 78 0.93 1.75 
12 500 55 90 91 1.54 2.16 
13 500 55 120 90 1.31 2.25 
14 500 55 180 89 1.28 2.28 

General polymerization conditions: toluene = 0.5 mL, DTC = 0.6 g, the initiator concentration  
[Y] = 5.38  105 mol/mL; 
a The conversion was calculated as weight of the polymer obtained/weight of the monomer used;  
b Measured by GPC referenced to polystyrene standards 

 

To elucidate the mechanism of polymerization of DTC, a PDTC sample with low molecular weight 
terminated by 5% HCl ethanol solvent was characterized by 1H-NMR and 13C-NMR (Fig. 1 and Fig. 2). The 
analyses of the PDTC product reveal two distinct end groups: a formate and a hydroxyl, which can be identified 
by the typical signals [―OC(O)H at Hj= 8.09 and C15 = 161.06 (singlet), HOCH2― at Ha = 3.35 and C1 = 
68.21 (triplet)]. Moreover, the absence of peaks at H = 3.33.1 and C = 66.567.7 demonstrates that the PDTC 
is free of ether units which are formed by the decarboxylation of the carbonate during the polymerization[2325]. 

 

 
Fig. 1  1H-NMR spectra of PDTC in CDCl3  Fig. 2  13C-NMR spectra of PDTC in CDCl3 

 

Compared to the dihydroxyl end-capped PCL[17, 18] prepared by employing the same initiator, the PDTC 
product exhibits two distinguished functional end groups — one formate and one hydroxyl. Thus, a different 
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mechanism for the polymerization of DTC can be proposed (Scheme 1). First, the monomer DTC molecule 
substitutes the DME to coordinate to the metal nuclei. Then, the carbon atom of DTC carbonyl is attacked by 
Y[ONN’O](BH4)(DTC) with either an oxygen-acyl or oxygen-alkyl bond cleavage. However, there are no 
specific 1H-NMR or 13C-NMR signals of ―CH3 end group given by oxygen-alkyl bond cleavage; the results 
support the most likely oxygen-acyl bond scission to generate the yttrium alkoxide species. Secondly, unlike the 
initiation process of -caprolactone by yttrium borohydride compound, the reduction of ―C(O)―HBH3 end 
group (the terminal carbonyl function is reduced by the -hydrogen of ―HBH3 group and formed a  
―CH2OBH2 group) does not occur according to the absence of the signal of terminal ―CH2OH function which 
can be developed by the reduction and final hydrolysis. Thirdly, two paths involve the whole polymerization 
process were presumed. According to path (a), the incoming monomer inserts into the Y―O alkoxide species to 
propagate the polymer chain and finally the polymerization is quenched by the acidic hydrolysis of Y―O bond 
and ―O―HBH3 to induce ―CH2OH and ―OC(O)H end groups, respectively. Path (b) involves the initial 
BH3·toluene elimination, then propagation of the chain with the insertion of DTC monomer and consequently 
the hydrolysis process that leads to the hydroxyl and formate telechelic PDTC.  

 
Scheme 1  Presumed mechanism for the polymerization of DTC initiated by ytterium borohydride compound 
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Copolymerization of DTC and CL Initiated by Yttrium Borohydride Complex 
The influence of different conditions on the copolymerization of DTC and CL was investigated. As shown in 
Table 2, the molecular weight and the yield of PDTC increase with the temperature and time. Better than the 
homopolymerization of DTC exhibiting broaden molecular weight distributions (PDI: 1.722.32), the 
copolymer displays narrower molecular weight distributions (PDI: 1.591.88) which indicate the 
copolymerization is more controllable. The indicative signals in 1H-NMR spectra at  = 3.84.2 represent four 
chain segments of DTC-CL (d), CL-CL (g), DTC-DTC (h) and CL-DTC (i), which are in good agreement with 
previous report[26]. Moreover, the specific signals of the formate ( = 8.08) and hydroxyl ( = 3.34) terminal 
functions of PDTC-co-PCL were observed (Fig. 3), suggesting that the DTC monomer inserts into the Y―O 
bond first rather than CL during the initiation process. Otherwise, the dihydroxyl telechelic copolymer could be 
formed. 

 

 
Fig. 3  1H-NMR spectra of PDTC-co-PCL in CDCl3

 

DSC analysis of the PDTC-co-PCL reveals the thermal properties of the copolymer are varying with 
different CL/DTC compositions, as summarized in Table 3. The thermal properties of PDTC and PCL were also 
listed for comparison. Beyond our expectation, DSC investigation of PDTC exhibits an endotherm at 106.0C 
(Hm = 59.7), which is not consistent with the conventional two endotherms at approximately 90100C and 
120C by the previous report[22, 27, 28]. It probably suggests that one crystalline phase exists in the PDTC. On the 
other hand, the copolymers we obtained are semicrystaline or amorphous copolymers, which is corresponding to 
most reports employing rare-earth borohydride compound as an initiator. Figure 4 shows that Tm of the PDTC-
co-PCL becomes lower with the content of DTC in copolymer increasing. Meanwhile, the lower Tm with higher 
CL unit content in copolymer indicates the lower crystallinity of copolymer. Therefore, this thermal property 
implies the CL component may have plasticizing effect on the copolymer and enhance its tenacity. 



Ring-opening Polymerizaion of 2,2-Dimethyltrimethylene Carbonate 395

Table 2. Random copolymerization of DTC&CL with different [M]/[I] ratio, temperature and time 
Entry [CL+DTC]/[I] T (C) Time (min) Conversion (%)a Mn  104 b PDI 

1 800 55 60 88 2.50 1.79 
2 1000 55 60 91 2.93 1.73 
3 1200 55 60 95 3.22 1.63 
4 1400 55 60 98 2.88 1.66 
5 1600 55 60 84 1.61 1.60 
6 1600 40 60 65 1.39 1.59 
7 1600 70 60 97 2.51 1.82 
8 1600 85 60 98 2.91 1.83 
9 1600 55 30 62 1.42 1.48 

10 1600 55 120 96 2.09 1.88 
General conditions: toluene = 0.5 mL, DTC = 0.6 g, CL = 0.5 mL, the initiator concentration  
[Y] = 5.38  105 mol/mL; 

a The conversion was calculated as weight of the polymer obtained/ weight the monomer used; 
b Measured by GPC referenced to polystyrene standards 

 
Table 3. DSC data of PDTC-co-PCL 

Entry 
CL/DTC 

(molar ratio in feed) 
CL/DTC 

(molar ratio in copolymer) Tm1 (C) 
Hm1 
(J·g1) 

Tm2 (C) 
Hm2 
(J·g1) 

1 100:0 100:0   56.7 113.3 
2 90:10 91:9   53.2 70.5 
3 70:30 72:28 4.9 2.0 28.3 18.9 
4 50:50 52:48   36.3 1.9 
5 30:70 33:67   54.9 9.9 
6 10:90 13:87 28.0 0.36 84.1 38.3 
7 0:100 0:100   106.0 59.7 

 

 
Fig. 4  DSC of PDTC-co-PCL with various CL/DTC molar ratio in copolymer 

CONCLUSIONS 

In summary, the rare-earth borohydride compound Y[ONN’O](BH4)(DME) was proved to be an efficient 
initiator for the ring-opening polymerization of DTC and its random copolymerization with CL. From NMR 
characterizations, the structures of both PDTC and PDTC-co-PCL possessing formate and hydroxyl end-
functions were confirmed. The results from NMR spectra support the coordinate-insertion mechanism with 
oxygen-alkyl bond cleavage and DTC monomer first insertion. The yttrium borohydride species of initiator have 
influences on the polymerization process and finally lead to the formation of formated end-group, which may 
have great potentials for further modification. 



J. Huang et al. 396

REFERENCES 
 
1 Edlund, U., Albertsson, A.C., Singh, S.K., Fogelberg, I. and Lundgren, B.O., Biomaterials, 2000, 21: 945  

2 Rokicki, G., Prog. Polym. Sci., 2000, 25: 259  

3 Okada, M., Prog. Polym. Sci., 2002, 27: 87  

4 Yang, J., Hao, Q.H., Liu, X.Y., Ba, C.Y. and Cao, A.M., Biomacromolecules, 2004, 5: 209  

5 Matsumura, S., Adv. Polym. Sci., 2006, 194: 95  

6 Jérôme, C. and Lecomte, P., Adv. Drug Delivery Rev., 2008, 60: 1056 

7 Dai, W.F., He, Y.Y., Huang, H.Y. and Lang, M.D., Acta Polym. Sinica(in Chinese), 2009, (4): 358 

8 Wang, Y., Zhang, L.F., Wang, P. and Shen, L.J., Chinese J. Polym. Sci., 2010, 28(4): 509 

9 Albertsson, A.C. and Varma, I.K., Biomacromolecules, 2003, 4: 1466 

10 Hwang, J.J., Iyer, S.N., Li, L.S., Claussen, R., Harrington, D.A. and Stupp, S.I., Proc. Nat. Acad. Sci. U.S.A.,            

2002, 99: 9662 

11 Pego, A.P., Van Luyn, M.J.A., Brouwer, L.A., van Wachem, P.B., Poot, A.A., Grijpma, D.W. and Feijen, J., J. Biomed. 

Mater. Res., 2003, 67: 1044 

12 Wan, T., Zou, T., Cheng, S.X. and Zhuo, R.X., Biomacromolecules, 2005, 6: 524 

13 Ling, J., Shen, Z.Q. and Huang, Q.H., Macromolecules, 2001, 34: 7613 

14 Guillaume, S.M., Schappacher, M. and Soum, A., Macromolecules, 2003, 36: 54 

15 Guillaume, S.M., Schappacher, M., Scott, N.M. and Kempe, R., J. Polym. Sci., Part A: Polym. Chem., 2007, 45: 3611 

16 Sun, W.L., Wu, G.M. and Shen, Z.Q., React. Funct. Polym., 2008, 68: 822 

17 Huang, J., Sun, W.L., Yu, J.F. and Wu, G.M., Chin. Chem. Lett., 2009, 20: 1357 

18 Wu, G.M., Sun, W.L. and Shen, Z.Q., J. Appl. Polym. Sci., 2009, 112: 557  

19 Sarel, S. and Pohryles, L.A., J. Am. Chem. Soc., 1958, 80: 4596 

20 Tshuva, E.Y., Gendeziuk, N. and Kol, M., Tetrahedron Lett., 2001, 42: 6405  

21 Palard, I., Schappacher, M., Belloncle, B., Soum, A. and Guillaume, S.M., Chem. Eur. J., 2007, 13: 1511 

22 Yu, C.P., Zhang, L.F. and Shen, Z.Q., J. Mol. Catal., 2004, 212: 365 

23 Ariga, T., Takara, T. and Endo, T., J. Polym. Sci. Part A: Polym. Chem., 1993, 31: 581  

24 Agarwal, S. and Puchner, M., Eur. Polym. J., 2002, 38: 2365  

25 Agarwal, S., Naumann, N. and Xie, X.L., Macromolecules, 2002, 35: 7713 

26 Yu, C.P., Zhang, L.F. and Shen, Z.Q., Polym. Int., 2004, 53: 1485 

27 Sidoti, G., Capelli, S., Meille, S.V. and Alfonso, G.C., Polymer, 1998, 39: 165  

28 Zhu, G.X., Li, Y., Yin, J., Ling, J. and Shen, Z.Q., J. Therm. Anal. Calorim., 2004, 77: 833 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /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 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 (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


