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Abstract  Three-dimensional Monte Carlo simulations of comb-like polymer chains with various backbone lengths Nb, arm 
lengths Na and arm densities m are carried out to study the elastic behavior of comb-like polymer chains. The radius of 
gyration, the shape factors and bond length in different cases during elastic process are calculated, and it is found that the 
comb-like polymer molecules with longer backbone or shorter arm are more close to linear chains. But the arm density m 
affects the chain conformation non-monotonously. Some thermodynamic properties are also studied. Average Helmholtz free 
energy and elastic force f all increase with elongation ratio λ for all chains. 
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INTRODUCTION 

The molecular architecture of polymer networks strongly influences their mechanical and chemical behavior, 
and the chain conformation and chain dynamics are long-standing problems of polymer science. Comb polymers 
are one of the significant molecular frameworks because such polymer can be cross-linked to form networks 
(gels and rubbers), or many properties of comb polymers can be modified by introducing branches in the field of 
nematic order[1], polymer mix[2, 3], dope, film[4−6], polymer liquid crystal[7−10], medicament system etc. Especially, 
the geometric and topologic conformations of comb polymers as well as thermodynamic properties are quite 
different from those of a general linear chain due to steric repulsion. At the same time, it is a burgeoning field 
that many scientists bring forward varied fresh theories and make experiments to account for the problems in 
practical applications, someone even has rarely consistent results, for example, the rubber elasticity. In the 
1930’s, this important phenomenon was first studied[11] by using a Gaussian chain model. Later, many scientists 
put forward theories to non-Gaussian chain models[12, 13]. These years, computer simulation has become a 
powerful tool to study network physical properties because it can be used to characterize the network on a 
microscopic level. Calculations of elastomeric properties of polymer networks have conventionally used theories 
and models based on the behavior of a collection of average chains, with all chains responding identically to 
external forces. To explain practical elasticity behavior comb polymers were performed using Monte Carlo 
simulations here. 

In this paper, we studied the formation of comb polymer networks with a range of precursor polymer chain 
lengths and cross-link concentrations using Monte Carlo simulations. Our purpose here is to explore the elastic 
characters and thermodynamic properties of comb polymer chains by statistical thermodynamic method. In this 
model, we can clearly discuss the elasticity in terms of the chemical structure. 
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MODEL AND METHOD 

Models 
The polymer network was studied using the bond fluctuation model (BFM) in three-dimensions on a simple 
cubic lattice[14−16], which has been widely used in recent years to investigate the structure and dynamics of a 
great variety of polymer systems[15, 17−19]. 

The polymer chain is modeled as a self-avoiding walk on a lattice. Each monomer in the model occupies a   
2 × 2 × 2 cube of sites on a cubic lattice[20] and is connected to another monomer by a predetermined set of bond 
vectors. Next neighbors along the chain must be within a certain bond distance, so that the chain cannot cross 
itself. The bond vectors are built through all possible permutations and sign inversions of the following vector 
families: 

 B = P(2, 0, 0)∪P(2, 1, 0)∪P(2, 1, 1)∪P(3, 0, 0)∪P(3, 1, 0) ∪P(2, 2, 1) (1) 

here P(a, b, c) represents the set of all permutations and sign combinations of ±a, ±b, ±c. The total number of 
possible configurations per bond is 108, as opposed to six for the simple cubic lattice, two consecutive bonds in 
the BFM can take 87 different bond angles[15] as opposed to two (0°, 90°) for the simple cubic lattice. Even 
though the BFM is a lattice-based model, it does not suffer from the very discrete nature of the simple self-
avoiding walk on a cubic lattice, whilst retaining the cheap overlap test characteristics of a lattice model. Note 
that the bond length between two consecutive beads can take five different values: 2, 5 , 6 , 3, and 10 . 
This is justified by considering that different local conformations produce segments of the backbone of differing 
length. To simulate such a model, only one type of move needs to be considered, namely the random jump of 
one bead in a randomly chosen lattice direction by single lattice spacing. The trial is accepted only if both the 
excluded volume and bond length constraints remain unviolated. This model clearly lends itself to the Monte 
Carlo simulation technique rather than molecular dynamics. The set B (Eq. (1)) is chosen to satisfy the 
constraints of both excluded volume between monomers and topological entanglement between chains. No more 
than one monomer is permitted to occupy the same site and the entanglement constraint denies two chains to 
pass through each other for the excluded volume constraint. If the movement breaks the excluded volume 
constraint, or the new bond vectors between the moved monomer and its neighbors are out of the set B, it will be 
rejected. 

Energy 
To generate the chains, it is integrant to calculate the interaction energy along the BFM model. In this paper, we 
have to consider the (Metropolis)[15, 20−22] transition probability Ω: 

 Ω = min[1, exp(−ΔE/kBT)] (2) 

for accepting or rejecting a move, which is allowed according to the excluded volume and bond vector 
restrictions, but involves an energy change ΔE: 

 ΔE = Enew − Eold (3) 

where Eold and Enew represent the energy before and after a move respectively. When the bond length between 
two consecutive beads is equals to 2, 5  or 6 , the interaction energy minus 1 (in unit of kBT) because shorter 
distance means more compact structure. If ΔE < 0, then this move is reasonable and can be accepted; on the 
contrary, if ΔE ≥ 0, we could use Eq. (2) to estimate whether this site should move unceasingly or not. After a 
great deal of steps, we can get the low energy chains. 

Comb-like Polymer Chains 
To distinguish from real comb polymers, a comb-like polymer model (seen in Fig. 1) was considered in our 
paper with Nb backbone beads and f arms, each comprising Na beads, randomly distributed along the backbone. 
It is useful to define the branching density m = f/Nb, so the total number of beads is: 
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 N = Nb + f·Na = Nb(1 + m·Na) (4) 

Here, we adopt the different values of Na, Nb, m and f to study their effect on the comb-like polymer chains. At 
the same time, for the case of m = 0 and Na = 0, we can get linear chains with the same length to compare the 
characteristics with the comb-like polymer backbone chains. 

 
Fig. 1  Sketch map of a comb-like polymer chain under elongation  
The force acts along the backbone direction, Na-arm length, Nb-backbone length, f-arm 
number, m-arm density. 

 
In our past papers[23−26], when a force F acts on a polymer chain, the beads in the chains elongate the 

distance r along the force direction, while compress and draw back r′ in the direction vertical to the force 
direction, and a lot of conformations would vanish. If the force F = 0, this is the isolated chain, and the 
minimum of the end-to-end distance is rmin. If F ≠ 0, the minimum of the end-to-end distance becomes rmin + r′. 
We can get the change of conformations by this method, seen in Fig. 1. Assuming the force acts on the chain in 
the direction of r-axis, the partition function of the system is  

 ∑ −=
i

i TkErZ )/exp()( B  (5) 

where ∑ i is the sum of the conformations whose r-axis component of end-to-end distance is greater than rmin + 

r. This parameter is useful to study the thermodynamic behavior. 
Deformation along one of the axes independently decreases the number of chain conformation. The 

elongation ratio λ can be obtained from the root-mean-square of end-to-end distance with deformation: 
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where <R2>r is the mean-square end-to-end distance of polymer chains with moving r along the direction of 
force and <R2>0 is the mean-square end-to-end distance of comb-like polymer chains without elongation. 

The mean-square of end-to-end distance <R2> is a concise measure of configuration, which is defined as: 
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The mean-square of radius of gyration <S2> is another measure of configuration, which is a measure of the 
size of the spatial domain pervaded by the configuration. <S2> is defined as  
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where ∑ i is the sum of the conformations whose r-axis component of end-to-end distance is greater than       

rmin + r. 
From the partition function, we can derive the average free energies of comb-like polymer chains under 

various elongation ratios λ: 

 <A> = −RTlnZ(r) (9) 

For the number of the conformation is so large that the partition function Z(r) is expressed as: 

 
M
MZrZ r

0)( =  (10) 

where Z0 is the partition function of systems without elongation, and it is independent on the elongation ratio λ, 
and only depends on chain lengths and the type of comb-like polymer chains. M is the total number of samples, 
and Mr is the number of samples whose x-axis components of diameters are greater than rmin + r. Therefore: 

 
M
MTkZTkA rlnln B0B −−>=<  (11) 

For simplicity, we define <A′> as: 

 
M
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At the same time, elastic force f can be obtained from the dependence of <A> on the elongated distance along 
the force direction[23−28]: 
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According to Newton’s third law, the force f is the elastic force stored in the polymer chains. The energy 
contribution to the elastic force fU is also defined by 
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We know <A> = <U> − TS, so we can also calculate the entropy contribution to the elastic force fs: 
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RESULTS AND DISSCUSSION 

Molecular Size and Shape  
As one of basal parameters the radius of gyration <S2> in different conditions is shown in Fig. 2 as a function of 
elongation ratio λ. In Fig. 2(a), we calculate the case of Na = 5, m = 0.5, and different Nb = 40, 60 and 80. The 
curves separate regularly from each other with the certain intervals. It can be obtained that the radius of gyration 
<S2> increases with the number of back-bone beads clearly. When Nb increases, the total number N of the comb-
like polymer chain increases synchronously, the dimensional ‘globular’ volumes of the chains also extend to 
increase so that the radius of gyration <S2> increases certainly. Figure 2(b) is under the conditions of fixed Nb = 
40 and m = 0.5, and different arm lengths Na = 3, 5 and 7. The results are similar to Fig. 2(a), the curves rise 
with the arm length of the chain. But at large elongation ratios, some parts of curves superpose together, the 
reason may be that with elongation ratio increasing the influence of Na is weakened while the influence of the 
backbone strengthens for the elongation is along the backbone direction. The curve with pentacles is for linear 
polymer chains with the same Nb = 40. It can be seen that the comb-like polymer chains have larger size than 
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linear chains at small elongation ratios, but the curve rises abruptly while λ > 1.5. At the beginning of the 
elongation, the interactions among the arms force the chains to expand their volume, and this effect becomes 
stronger for longer arms. With the increase of the elongation ratio, the external force weakens these interior 
interactions so that the shapes of the linear chains change greatly. To study the effect of the arm density m, we 
calculate the results with different m values 0.25, 0.5 and 0.75 (Fig. 2c). Large value m means more arms, and 
the interaction is more complex in affecting the shape of chains. From this figure we can find out that with the 
small value of the arm density the interior interactions influence the shape greatly, so <S2> reduces while m 
increasing. This is in agreement with the previous experiments. But when m is large enough to make chains 
entangled together, the structures change more tightly. In general, the radius of gyration <S2> all increases with 
the elongation ratio, and these figures show the shapes’ changes in the process of tensile elongation obviously. 
Furthermore longer backbone or side-chain leads to larger <S2> while more arms affect it non-monotonously. 

 

 
Fig. 2  The radius of gyration <S2> as a function of elongation ratio λ 
a) Different Nb; b) Different Na; c) Different m 

 
In order to investigate the shape of the comb-like polymer chains in the tensile elongation in more detail. 

Here we consider the radius of gyration tensor S, defined as: 
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Here Si = col(xi, yi, zi) is the position of atom i in a frame of reference with its origin at the center of mass. 
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The tensor S can be diagonalized to form a diagonal matrix with three eigenvalues 2
1L , 2

2L  and 2
3L  
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3
2
2

2
1 :: LLL  to measure the shape of flexible 

polymer chains [29, 30], and they estimated the ratios to be 1:2.7:11.7 based on a random walk of 100 bonds on a 
simple cubic lattice using Monte Carlo (MC) technique[29, 30]. 

Another parameter[31−33] characteristic of the shape of molecules may be obtained by combining the reduced 
components of s2 to a single quantity that varies between 0 (sphere) and 1 (rod): 
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Fig. 3  <δ *> as a function of elongation ratio λ 
a) Different Nb; b) Different Na; c) Different m 

 
The results are shown in Fig. 3 respectively. Evidently the shape factor <δ *> all increases with the 

elongation that is hypothetically to say that the chains all extend from sphere to rod along the elongation 
direction and indicate that during the process of elongation asphericity increases. We can get the conclusion 
from Fig. 3(a) that the value of <δ *> ranges from 0.23 to 0.28 without the elongation and increases with the 
backbone length Nb. Longer backbones can generate more conformations, which make chains more flexible. In 
Fig. 3(b), we fix Nb and m, and <δ *> all reduces with arm length so the curve of the linear chains with the same 
backbone length is on the top of the pictures. The slopes are all smaller than those in Fig. 3(a), which means that 
the parameter of the arm length is more important than backbone length for the shape of the comb-like polymer 
chains. Though we exert the force along the backbone direction, the comb-like polymer chains are not easy to be 
elongated with more side-chains. We can obtain the similar information from Fig. 3(c) for different arm density 
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m. The values of <δ *> increase while m reduces at small elongation ratio but there is a turning point for m 
during the elongation process. The reason may be that the interactions among the arms will be strengthened with 
the number of side chains increasing, and the chains trend to be rigid because of more difficult internal rotation. 
At the same time, more side chains will increase the distance between beads and reduce these interactions. Once 
this exceeds the steric effect, the chain will become flexible again. This conclusion is accordant to the above 
discussion suitably. In a word, with the increase of the elongation ratio, the shapes of the comb-like polymer 
chains change from sphere to rod approximatively, but the arms slower these deformations more evidently 
because their interior interactions change the flexibility of chains.  

The bond length of chains certainly will change during the elongation process. We list the mean-square 
bond length <b2> as a function of elongation ratio λ in Fig. 4, for different backbone length, arm length and arm 
density, respectively. With increasing these three parameters the mean square bond length all decreases, that is 
to say <b2> is in inverse proportion to the total number N of the chains for more beads can form more compact 
structure which requires shorter bond length. 

 

 
Fig. 4  Mean-square bond length <b2> as a function of elongation ratio 
a) Different Nb; b) Different Na; c) Different m 

 
Then we compare the comb-like polymer chains to the linear chains with the same total number of chains 

by the factor g: 

 linear
2

comb
2 / ><>=< SSg  (18) 

As already mentioned, g = 0.5 for unperturbed chains[31]. In Fig. 5, we calculate two types of the comb-like 
chains with the same N = 160 to compare with the linear chain. We notice that g is a decreasing function of 
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elongation ratio λ for all simulated chains. At the same elongation ratio λ, the value of g with longer backbone 
length is larger than that with more arms that is to say the behavior of the chains with long backbone and less 
arms is more closed to the linear chains.  

 

 
Fig. 5  G-value of g = <S2>comb/<S2>linear as a function of elongation ratio for 
comb-like chains with the same chain length N = 160 

 
From above discussion we can get some rules that first the arm density affects the comb-like polymer chain 

structures more effectively than the other parameters. More arm beads need more room to form the stable three-
dimension structures. At the same time the increase of backbone length only adds the new segment to the formed 
chains simply. At last, the correlation of the elongation ratio λ to the chain structure is less important here. At 
large elongation ratios λ the angles just show a little change because the formed steady structures are not easy to 
change. 

Thermodynamic Properties 
In fact, energy changes exist in the process of tensile elongation. The changes of average conformations lead to 
increases (or decreases) of thermodynamic properties of comb-like polymer chains. Here we first calculate the 
average free energy and the average energy per bond according to Eq. (12), and the results are shown in Fig. 6 
and Fig. 7, respectively. 
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Fig. 6  <A′> per bond as a function of elongation ratio for comb-like polymer chains 
a) Different Nb; b) Different Na including the linear chains; c) Different m 

 
<A′> all increases with the elongation ratio λ, and at the same elongation ratio, this parameter decreases 

with the increase of Nb, Na or m respectively. In Fig. 6(b), we add the curve with open pentacles for the linear 
chains to show that the other curves are far below it which explains that the arm affects the average free energy 
weightily. In Fig. 7, we draw the average energy per bond as a function of elongation ratio. This parameter 
seems to be independent of the elongation ratio, and the values of average energy almost fix and reduce with the 
increase of arm length and arm density. That is to say more arm beads can affect availably the comb-like 
polymer to form the stable structures. 

 
Fig. 7  Average energy per bond as a function of elongation ratio for comb-like chains 
a) Different Nb; b) Different Na; c) Different m 
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The elastic force stored in a chain is calculated according to Eq. (13), and the results are shown in Fig. 8. 
We can see that elastic force f all increases with elongation ratio λ, only in large elongation ratios there are some 
waves. According to Eq. (14), we calculate another elastic force fU, shown in Fig. 9, the values of the elastic 
force fU all don’t change greatly with the backbone length, arm length or arm density. 

 

 
Fig. 8  Force f as a function of elongation ratio for comb-like chains
a) Different Nb; b) Different Na; c) Different m 
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Fig. 9  fU as a function of elongation ratio for comb-like chains
a) Different Nb; b) Different Na; c) Different m 

 

CONCLUSIONS 

In this paper, we calculate the radius of gyration, the shape factors and bond length in different cases during an 
elongation process and find out that the comb-like polymer chain with longer backbone or shorter arm is more 
close to linear chain. But arm density m affects the chain conformation non-monotonously. Some 
thermodynamic properties are also studied here. Although the structure of real comb polymer molecules is 
complex and it is difficult to understand it clearly, our investigation may provide some insights into the 
microscopic mechanism of comb polymer molecules. And in some sense, our simulation has revealed some 
elastic properties of comb polymer chains. 
 
 
REFERENCE 
 
1 de Gennes, P.G., C. R. Acad. Sci. Ser. B., 1975, 281: 101 
2 Kim, Y.H. and Webster, O.W., Polym. Prepr., 1988, 29(2): 310 
3 Kim, Y.H. and Webster, O.W., Macromolecules, 1992, 25: 5561 
4 Kim, Y.H., Advance in Dendritic Macromolecules, 1995, 2: 123  
5 Zhou,, Y., Bruening, M.L., Bergbreiter, D.E., Cooks, R.M. and Wells, M., J. Am. Chem. Soc., 1996, 118: 3773 
6 Bruening, M.L., Zhou, Y., Aguilar, G., Agee, R., Bergbreiter, D.E. and Cooks, R.M., Langmuir, 1997, 13: 770 
7 Percec, V. and Kawasumi, M., Macrimolecules, 1992, 25: 1164 
8 Kim, Y.H., J. Am. Chem. Soc., 1992, 114: 4947 
9 Percec, V., Chu, P. and Kawasumi, M., Macromolecules, 1994, 27: 4441 
10 Bauer, S., Fischer, H. and Ringsdorf, H., Angew. Chem., 1993, 105: 1658 
11 Kuhn, W., Kolloid-Z., 1934, 68: 2 
12 Kuhn, W. and Guth, E., Kolloid-Z., 1942, 101: 248 
13 Treloar, L.R.G., Trans. Faraday Soc., 1946, 42: 77 
14 Carmesin, I. and Kremer, K., Macromolecules, 1988, 21: 2819 
15 Deutsch, H.P. and Binder, K., J. Chem. Phys., 1991, 94: 2294  
16 Paul, W., Binder, K., Heermann, D.W. and Kremer, K., J. Phys. II, 1991, 1: 37  
17 Wittkop, M., Kreitmeier, S. and Goritz, D., J. Chem. Phys., 1996, 104: 3373 
18 Wilding, N.B., Muller, M. and Binder, K., J. Chem. Phys., 1996, 105: 802 
19 Chen, J., Zhang, L.X. and Cheng, J., J. Chem. Phys., 2004, 121: 11481 
20 Chen, C.M. and Higgs, P.G., J. Chem. Phys., 1998, 108: 4305 



J. Chen and Z.Y. Huang 322

21 Kremer, K. and Binder, K., Comput. Phys. Rep., 1988, 7: 259  
22 Metropolis, N., Rosenbluth, A.W., Rosenbluth, M.N. and Teller, A.H., J. Chem. Phys., 1953, 21: 1087  
23 Zhang, L.X., Huang, Y.X. and Zhao, D.L., Macromol. Theory Simul., 2001, 10: 479 
24 Jiang, Z.T., Zhang, L.X., Chen, J. and Zhao, D.L., Polymer, 2002, 43: 1461 
25 Yi, W.Q. and Zhang, L.X., Chinese J. Polym. Sci., 2005, 23(3): 319 
26 Zhang, L.X., Jiang, Z.T. and Zhao, D.L., J. Polym. Sci. Polym. Phys., 2002, 40: 105 
27 Yang, X.Z. and Li, X.F., Chinese J. Polym. Sci., 1998, 16(3): 279 
28 Solc, K. and Stockmayer, W.H., J. Chem. Phys., 1971, 54: 2756 
29 Solc, K., J. Chem. Phys., 1971, 55: 335 
30 Mazur, J., Guttman, C.M. and McCrackin, F.L., Macromolecules, 1973, 6: 872 
31 Zifferer, G. and Preusser, W., Macromol. Theory Simul., 2001, 10: 397 
32 Jagodzinski, O., Eisenriegler, E. and Kremer, K., J. Phys. I, 1992, 2: 2243 
33 Diehl, H.W. and Eisenriegler, E., J. Phys. A: Math. Gen., 1989, 22: 18 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


