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transition, such as real-time Fourier transform infrared spec-
troscopy (FTIR) [8], small angle X-ray scattering (SAXS) 
[9], differential scanning calorimetry (DSC) [10] and nuclear 
magnetic resonance (NMR) [5].

In the triclinic lattice of even–even nylons at room 
temperature, the molecular chains form intra-sheet hydrogen 
bonds and the hydrogen-bonded sheets stack together in a 
progressive mode or an alternative mode via Van der Waals 
force. The molecular chains adopt the trans-zigzag con-
formation [7]. Fig. 1 shows the schematic diagram of triclinic 
crystal structure of polyamide 618 projected parallel to the 
chain axis. Above Brill temperatures of even–even nylons 
(the lowest temperature at which the projected inter-chain 
distance within hydrogen-bonded sheet equals to the 
inter-sheet spacing), the triclinic phase is replaced by the 
pseudo-hexagonal crystalline structure [11]. However, in 
the pseudo-hexagonal phase, how do the molecular chains 
constitute the unit cell, especially what are the arrangement 
of hydrogen bonds and the state of methylene sequences? 
Several assumptions have been put forward to explain this 
crystalline transition. Some researchers suggest it is the 
anisotropy of thermal expansion of the nylon crystal lattice in 
different directions that leads to this phenomenon [12]. Other 
works point out that the Brill transition originates from the 
‘local melting’ of the methylene sequences while the integrity 
of H-bonded sheets keeps intact [4,5,13]. It has been also 
reported that the transition is related with the transformation 
from two-dimensional H-bonded sheets to three-dimensional 
H-bonded network [14,15]. Although so many research works 
were carried out to clarify the essential feature of this Brill 
transition, there are still some unclear parts of the concrete 
structural change about the methylene segments and amide 
groups.

The vibrational spectroscopy, for example FTIR, is a 
useful method for giving us much important information 
about the change of the molecular chains during the crystal-
line transition [4,8]. Vasanthan et al. investigated the Brill 
transition behavior of nylons 66 and 6 by infrared spectros-
copy [8]. He found that some IR bands disappeared at 
Brill temperature (abbreviated as TB) and termed them as 
‘Brill bands’, their changes were associated with the ‘local 
melting’ of methylene segments. However, the details of the 
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Abstract The Brill transition of even–even polyamide 618 
was investigated using differential scanning calorimetry 
(DSC), temperature-dependent wide angle X-ray diffraction 
(WAXD) and Fourier transform infrared (FTIR). The X-ray 
diffraction results indicate that the melt-crystallized sample 
of polyamide 618 transforms from the triclinic unit cell to the 
pseudo-hexagonal phase in the range of 120–180°C. In this 
range, the thermograph of polyamide 618 presents a broad 
endothermal peak. From the FTIR spectra, it was found that 
during the transition process of polyamide 618, the intensity 
of the intra-sheet hydrogen bonds becomes weak. At the same 
time, the CH2–amide bonds twist, and the all-trans conforma-
tion of methylene sequences is disordered by inserting the 
gauche conformation. The CH2 segments are in a mobile state 
because of the enhanced stretching and twisting vibrations of 
the C–CO and C–N bonds.
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1 Introduction

Most of aliphatic polyamides show a crystal-to-crystal transi-
tion when heating from room temperature to their melting 
points. This phenomenon is named as the Brill transition 
and easy to be observed using wide angle X-ray diffraction 
(WAXD) [1–4]. In WAXD profiles even–even nylons present 
two strong diffractions at d-spacings of 0.44  nm and 0.37  nm 
(100 and 010/110 diffractions) at room temperature, indicat-
ing a typical triclinic lattice (α-form). In a heating process the 
two diffractions approach gradually and merge into a single 
diffraction peak at a d-spacing of 0.42  nm before melting, 
which represents the characteristic pseudo-hexagonal unit 
cell [5–7]. Besides variable-temperature WAXD, some 
other techniques have also been adopted to detect the Brill 
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3.2 Temperature-dependence of WAXD

Figure 3 shows the temperature-dependence of the diffraction 
spacings of the melt-crystallized sample. It was found that the 
inter-sheet distances increase more quickly than the declining 
of the inter-chain distances within the H-bonded sheets 
during the heating process, because the inter-sheet interaction 
is weaker than the force fixing the chains together within 
the hydrogen-bonded sheets [20–23]. Thus, it can be 
understood that the Van der Waals interaction between the 
inter sheets decreases remarkably as temperature increases. 
From Fig. 3 it can be seen that the Brill transition of the 
melt-crystallized sample of polyamide 618 is completed at 
180°C. In addition, the changes of diffraction spacings are 

crystalline transition are unclear. Recently, some papers were 
published to present the conformational change of the methy-
lene moiety during Brill transition of even-even polyamides 
[16,17].

Nylon 618 includes long methylene sequences between 
the diacid moieties which are helpful for detecting the motion 
of the long methylene units during the Brill transition process 
[18]. By measuring the changes of the vibration of amide 
groups and the conformation changes of the methylene 
sequences, it is helpful for us to understand the mechanism in 
the crystalline transition of even-even nylons.

2 Experimental

2.1 Sample preparation

Polyamide 618 was synthesized from 1,6-diaminohexane and 
1,16-octadecanedioic acid [18]. The melt-crystallized sample 
was prepared by pressing polyamide 618 at 220°C and air 
cooled to room temperature. The thickness of the sample for 
WAXD is 1  mm and that for FTIR is about 20  μm.

2.2 Differential scanning calorimetry (DSC)

Melting temperature of the polyamide sample was measured 
on a Perkin-Elmer Pyris-1 series (Q10 V3.7 Build 249) dif-
ferential scanning calorimeter at a heating rate of 10°C/min. 
A nitrogen purge was provided throughout the DSC scan.

2.3 Variable-temperature WAXD

WAXD experiments were carried out on a Rigaku Dmax-rc 
X-ray diffractometer equipped with a high temperature 
sample-chamber at 40  kV and 100  mA. Ni-filtered CuKα 
radiation was used. The heating rate was 5°C/min, and the 
sample was held for 2 minutes at each measuring temperature 
before collecting data.

2.4 Real-time FTIR spectroscopy

IR spectra were studied on a Bruker Equinox-55 Fourier 
transform infrared spectrometer equipped with a variable-
temperature cell at a resolution of 2  cm−1. The sample was 
heated at a rate of 5°C/min. At the same time, FTIR spectra 
were collected at an interval of one minute. Sets of 8 scans 
were used for signal average.

3 Results and discussion

3.1 DSC Thermograms

In the DSC thermogram of the melt-crystallized sample of 
polyamide 618 (see Fig. 2), it is obvious that its melting tem-
perature (Tm) is 201°C. In the range of 120–190°C, a broad 
endothermal peak was found, where the thermal motion was 
considered to occur as will be discussed later. From the DSC 
results it is speculated that the crystalline transition occurs in 
this range just below the melting temperature. The similar 
results were observed in the DSC scan of nylon 66 [19]. The 
structural change of polyamide 618 will be discussed in the 
following part.

Fig. 1 Scheme of triclinic crystal structure of polyamide 618 
projected parallel to the chain axis. The hydrogen bonds are indicated 
by dashed lines

Fig. 2 DSC thermograms of a melt-crystallized sample of polyamide 
618
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remarkable in the range of 120–180°C, which coincides with 
the data of the DSC analysis.

3.3 Temperature-dependence of FTIR

3.3.1 Changes in the amide group bands

Figure 4 (a–e) present the FTIR spectra of the melt-
crystallized sample under study as a variable of temperature 
in the ranges of 3000–3500  cm−1, 1300–1500  cm−1, 1100–
1300  cm−1, 750–1150  cm−1 and 500–800  cm−1, respectively. 
At room temperature, polyamide 618 shows the infrared 
spectrum with characteristic bands of the triclinic structure at 
around 580  cm−1 and 540  cm−1 (amide VI, C=O out-of-plane 
bending), 680  cm−1 (amide V, NH-out-of plane bending) 
and 3300  cm−1 (amide A, hydrogen-bonded N–H stretching). 
In addition, the strong absorbance bands at about 3090  cm−1 
(amide B, overtone of amide II), 1640  cm−1 (amide I, C=O 
stretching), 1540  cm−1 (amide II, C−N stretching) and 
940  cm−1 (amide IV, C−CO stretching). Moreover, the typical 
bands at around 1370  cm−1, 1285  cm−1, 1247  cm−1, and 
1215  cm−1 belong to amide III coupled with the out-of-plane 
vibration of methylene units [4,8,17,18,24].

On heating up the sample, these amide group bands 
become weaker in intensity and broader in profile. At the 
same time, their peak positions shift up or down. Figure 5 
presents the plots of integrated absorbance and peak position 
of amide A as a function of temperature. From this figure it is 
seen that the peak position of amide A band moves to higher 
wave numbers slightly below 120°C and shifts dramatically 
to the high wave-number side in the range of 120–180°C as 
temperature increases. At the same time, the integrated absor-
bance of amide A decreases gradually below 120°C and 
reduces remarkably beyond 120°C when heating. The peak 
wave-number of amide A band is related directly with the 
strength of the inter-chain hydrogen bonds [25,26]. The 
up-shift of amide A band with temperature originates from 
the weakening of hydrogen bond intensity. From Fig. 4(a), it 
can be found that a weak peak at around 3452  cm−1 appears at 

120°C and rises as temperature increases. This peak is associ-
ated with the free NH groups in the polyamide sample under 
consideration. Therefore, it can conclude that the hydrogen 
bonds become weaker gradually and dissolve partly into the 
free NH groups in the crystalline transition region.

Figure 4(e) shows the infrared spectra in the range of 
500–800  cm−1 at various temperatures. Amide VI band moves 
also to the higher frequency side with temperature increased 
while the amide V band almost retains in the same position. 
These two bands are also affected by the hydrogen bond 
strength. Because the two bands originate from the out-of-
plane vibration of NH and CO groups, it is considered that the 
shifts of amide V and amide VI are sensitive to the twisting 
motion of the CH2–NH and CO–CH2 bonds, respectively 
[24]. The slight band shifts and broadening of amide VI may 
be the result of the twisting motion around the CH2–amide 
bonds as well as the variation of hydrogen bonds.

A similar but more remarkable change is found for the 
amide IV band at 940  cm−1 characteristic of C–CO bond 
stretching vibration mode (ν[C–CO]) [17]. The homologous 
movement is detected for stretching vibration mode of C–NH 
bond (ν[C–NH]) at 1184  cm–1. Figure 6 shows the integrated 
absorbance and half-width of amide IV band taken as a func-
tion of temperature. Like amide A, the integrated absorbance 
of the band at 940  cm−1 almost does not change below 120°C 
and declines evidently in the region of 120–200°C as tem-
perature increases. At the same time, this band becomes 
broader gradually and the half-width of the band rises 
ob viously. The half-width of the band strongly depends on the 
activity of the thermal motion of the corresponding chemical 
group. The remarkable increasing observed in half-width of 
ν[C–CO] band indicates the enhancement of twisting motion 
of the CH2–CO bond. The analogous trend is considered to 
occur for the ν[C–NH] band at 1184  cm−1.

In addition, it needs to be mentioned that it is difficult 
to explain the change of amide III bands at around 1370  cm−1, 
1280  cm−1, and 1240  cm−1 on the heating process because 
of the complicated interaction between the amide groups and 
the methylene units [24,27]. The amide B peak weakens and 
broadens on heating, however, amide I and II peaks maintain 
nearly unchanged during all the continuous heating process.

Two other bands are seen at around 1420 and 1470  cm−1 
which belong to the scissoring vibration of CH2 units next to 
CO and NH groups, respectively [24,27]. On heating, these 
two bands decline in intensities and broaden their profiles 
gradually. At the same time, the 1420  cm−1 band shifts to a 
higher wave-number side while the 1470  cm−1 band moves 
to the lower frequency. All the changes are the result of the 
strengthening of the vibration motion and the twisting motion 
of the CH2–amide bonds.

From changes of all the amide group bands, it can be 
confirmed that the twisting motion of the amide–CH2 bonds 
enhances and the strength of hydrogen bonds becomes weak. 
These variations are accelerated in the crystalline transition 
region of polyamide 618.

Fig. 3 The diffraction spacings as a function of temperature in the 
heating process for polyamide 618
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3.3.2 Conformation of methylene segments between the 
hydrogen-bonded amide groups

Polyamide 618 has a long methylene sequence between the 
diacid segments. At room temperature, the methylene units 
adopt a planar-zigzag conformation. Infrared spectra give 
some important information on the conformation of methy-
lene segments. In Fig. 4(e), the band at 721  cm−1 is assigned 
to the most-in-phase methylene rocking vibration mode 

[ν(CH2)] which is a characteristic of the triclinic packing 
structure of n-alkane [28–30]. Therefore, the subcell of 
methylene sequences of nylon 618 is considered to adopt the 
triclinic structure, which is coincident with the X-ray diffrac-
tion data presented in the previous section. When the sample 
is heated, the intensity of the 721  cm−1 band declines, and 
the band is seen to shift gradually toward the pattern intrinsic 
of the hexagonal stacking structure of the methylene chains, 
but it is not very clear because of the broad spectral band 

Fig. 4 Infrared spectra of polyamide 618 taken at various temperatures. Spectra in the frequency regions of 3000–3500  cm−1 (a); 1300–
1500  cm−1 (b); 1100–1300  cm−1 (c); 750–1150  cm−1 (d); 500–800  cm−1 (e)
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[17,29,30]. At the same time, the CH2 scissoring band (for all 
the methylenes not adjacent to the amide group) is observed 
at around 1438  cm−1 at room temperature, the profile of which 
reflected the triclinic stacking structure of the mehtylene 
zigzag parts. With temperature increased, the band decreases 
its intensity and broadens its profile, suggesting the trans-
formation from the triclinic packing of methylene parts to the 
pseudo-hexagonal stacking and the existence of conforma-
tionally disordered methylene sequences. The similar change 
of methylene band is observed at around 1318  cm−1 which is 
assigned to the CH2 bending vibration. These spectral varia-
tions indicate that the triclinic crystalline structure of methy-
lene sequences converts gradually to the pseudo-hexagonal 
packing mode in the higher temperature region.

On the other hand, comparing to the vibration bands of 
methylene segment, the pure conformational bands are very 
weak and difficult to be measured precisely. Here, two weak 
shoulder bands at around 1350 and 1457  cm−1, which belong 
to the trans conformation and the gauche conformation of 
the methylene part, respectively, are selected to follow their 
changes during the heating process. Figure 7 shows the 

integrated absorbance of the two bands as a variable of tem-
perature. From this, the trend can be seen that the intensity of 
the band at 1350  cm−1 decreases with the increasing tempera-
tures while that of the band at 1457  cm−1 goes up, indicating 
that the decreasing of the trans conformation and the increas-
ing of the gauche conformation in the methylene segments. 
The trans-zigzag conformation of the methylene sequences in 
the triclinic crystalline structure at room temperature becomes 
disordered by inserting of the gauche conformation of methy-
lene units which exist in the pseudo-hexagonal crystalline 
structure of the even-even nylon under study at high tempera-
ture. Other conformation bands were also observed at 1350, 
1184, 1130, 1096, 1004, 894, and 822  cm−1. However, it is 
difficult to estimate the content of the methylene units with 
the gauche conformation until now. Therefore, in the methy-
lene part of the pseudo-hexagonal phase at high temperature 
region, the trans-zigzag conformation and the gauche con-
formation coexist at the same time. The molecular chains 
become disordered and mobile.

Fig. 5 The integrated absorbance and peak position of amide A band 
as a function of temperature, respectively

Fig. 6 The temperature-dependence of the integrated absorbance and 
half-width of amide IV, respectively Fig. 7 The plots of integrated absorbance of the all-trans and gauche 

conformation bands of methylene units between the amide groups, 
respectively

3.4 The crystalline transition of polyamide 618

X-ray diffraction data give the information that the prominent 
d-spacings of the nylon crystal change upon heating. In the 
region of 120–180°C, these changes enhance, suggesting that 
the crystalline transition takes place in this temperature range. 
As already discussed, the infrared spectral variations were 
analyzed to know about the variation of the three kinds 
of groups including amide groups, methylene units, and 
CH2–amide bonds.

In a heating process the amide A band shifts to high 
frequency side and broadens gradually. At the same time the 
amide A, amide V and amide VI bands become weaker and 
weaker in intensity, indicating that the strength of hydrogen 
bonds declines with increasing temperature. The band at 
940  cm−1 is related with the CH2–amide bonds and its half-
width reflects the twisting motion of the CH2–amide bonds. 
In our results, the weakening of the intensity of the hydrogen 
bonds is accepted. Meanwhile, the enhanced twisting motion 
of CH2–amide bonds also weakens the hydrogen bonds.
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According to the changes of the bands at around 1350 and 
1457  cm−1 with increasing temperature, the conformation of 
methylene sequences transforms distinctly from the trans-
zigzag conformation at room temperature to the gauche con-
formation at high temperature. It is consistent with the results 
of the change of Brill bands that was discussed in the preced-
ing section. The CH2 unit bands at 721, 1318 and 1438  cm−1 
decrease in intensities and broaden gradually on heating, 
illustrating that the triclinic crystalline structure transforms 
gradually to the pseuso-hexagonal subcell. The enhanced 
vibration and twisting motion of CH2 units make them in 
the mobile state, and the ordered trans-zigzag conformation 
of methylene sequences becomes a mixture of disordered 
trans and gauche conformation of CH2 units in the crystalline 
transition process.

4 Conclusions

In this work, the Brill transition of nylon 618 was investigated 
by variable-temperature WAXD and FTIR spectroscopy. The 
essential characteristics can be summarized as follows based 
on the results discussed in this article:

(1) The Brill transition of nylon 618 is a continuous pro-
cess in a temperature range of 120–180°C and can be divided 
into two stages according to the variations of the typical dif-
fraction spacings in WXAD patterns and the characteristic 
absorbance bands in FTIR spectra during the heating process. 
The first stage is below 150°C, and the last stage is above it.

(2) In the first stage, the anisotropy of thermal expansion 
in different directions in the crystal lattice of nylon 618 is the 
prominent reason for the changes of the diffraction spacings. 
The crystal retains a triclinic structure, and the hydrogen 
bonds become weak due to the thermal motion of the molecu-
lar chains. There are no inter-sheet hydrogen bonds and twist-
ing in the CH2–amide bonds. The molecular chains almost 
maintain the trans conformation.

(3) In the last stage, the intensity of the hydrogen bonds 
becomes continuously weak with increasing temperature. 
The twist of the CH2–amide bonds enhances, including the 
C–CO and the C–N bonds. Thus, the in-plane hydrogen bonds 
tilt and the trans-zigzag conformation of the molecular chains 
is distorted. The gauche conformation in the methylene 
sequences increases. The stretching, scissoring, and wagging 
vibrations of methylene units are strengthened and the methy-
lene segments between the amide groups are in a mobile 
state.

Acknowledgements This work was supported by the National Basic 
Research Program of China. (No. 2005CB623800).

References

 1. Brill R. Behavior of polyamides on heating. J. Prakt. Chem., 1942, 
161: 49−63

 2. Li W H, Yan D Y. Different crystalline transition behavior in 
polyamides 12 16, l0 16 and 8 16. Polym Bull, 2003, 49: 387−
394

 3. Li W H, Huang Y, Zhang G S, Yan DY. Investigation on Brill 
transition of nylons 6/16, 4/16 and 2/16 by variable-temperature 
WAXD and FTIR. Polym Int, 2003, 52: 1905−1908

 4. Yan D Y, Li Y J, Zhu X Y. Brill transition in nylon 10 12 inves-
tigated by variable temperature XRD and real time FT-IR. 
Macromol Rapid Commun, 2000, 21:1040−1043.

 5. Murthy N S, Curran S A, Aharoni S M, Minor H. Premelting 
crystalline relaxations and phase transitions in nylon 6 and 6, 6. 
Macromolecules, 1991, 24: 3215−3220.

 6. Jones N A, Atkins E D T, Hill M J. Comparison of structures 
and behavior on heating of solution-grown, chain-folded lamellar 
crystals of 31 even-even nylons. Macromolecules, 2000, 33: 
2642−2650.

 7. Bunn C W, Garner E V. The crystal structure of two polyamides 
(nylons). Proc R Soc, 1947, 189A: 39−68.

 8. Vasanthan N, Murthy N S, Bray R. G. Investigation of Brill 
transition in nylon 6 and nylon 6,6 by infrared spectroscopy. 
Macromolecules, 1998, 31: 8433–8435.

 9. Murthy N S, Wang A G, Hsiao B S. Interactions between cry-
stalline and amorphous domains in semicrystalline polymers: 
Small-angle X-ray scattering studies of the Brill transition in 
nylon 6,6. Macromolecules 1999, 32: 5594−5599

10. Xenopoulos A, Wunderlich B. Conformational motion and 
disorder in aliphatic nylons-The case of nylon 6.6. Colloid Polym 
Sci, 1991, 269: 375−391

11. Huang Y, Li W H, Yan D Y. Crystalline transition behaviors of 
nylons 12 20 and 10 20. Eur Polym J, 2003, 39: 1133−1140

12. Colclough M L, Barker R. Polymorphism in nylon 66. J Mater 
Sci, 1978, 13: 2531−2540

13. Hirschinger J, Miura H, Gardner K H, English A D. Segmental 
dynamics in the crystalline phase of nylon 66:Solid-state 2H NMR. 
Macromolecules, 1990, 23: 2153−2169.

14. Brill R. Relation between H bonding and some properties of 
polyamides. Makromol Chem, 1956, 18/19: 294−309

15. Schmidt G F, Stuat H A. Crystal structures with spatial hydro-
genbridge systems and lattice transformations in polyamides. 
Z Naturforsch, 1958, 13: 222−225

16. Xiao Y, Zhu X Y, Chen L, He P, Yan D Y, In situ Fourier transform 
infrared spectroscopic study of the conformational changes of 
nylon-10, 12 during its Brill transition. J Polym Sci, B (Polym. 
Phys.), 2004, 42: 60−63

17. Yoshioka Y, Kohji T, Ramesh C, Structural change in the Brill 
transition of nylon m/n (2) conformational disordering as viewed 
from the temperature-dependent infrared spectral measurements. 
Polymer, 2003, 44: 6407−6417

18. Lipatov U C. Polymer Physics Chemistry Handbook. Beijing: 
Chinese Petrochem Press, 1995

19. Ramesh. C, Keller A, Eltink S. Studies on the crystallization and 
melting of nylon-6,6: 1. The dependence of the Brill transition on 
the crystallization temperature. Polymer, 1994, 35: 2483−2487

20. Atkins E D T, Hill M, Hong S K, Keller A, Organ S. Lamellar 
structure and morphology of nylon 46 crystals. A new chain 
folding mechanism for nylons. Macromolecules, 1992, 25: 917−
924

21. Yang X N, Tan S S, Li G, Zhou E L. Dependence of the Brill 
transition on the crystal size of nylon 10 10. Macromolecules, 
2001, 34: 5936−5942

22. Ramesh C, Bhoje Gowd E. High-temperature x-ray diffraction 
studies on the crystalline transitions in the α- and γ-forms of 
nylon-6. Macromolecules, 2001, 34: 3308−3313

23. Jones N A, Atkins E D T, Hill M J, Cooper S J. Polyamides with 
a choice of structure and crystal surface chemistry. Studies of 
chain-folded lamellae of nylons 8 10 and 10 12 and comparison 



12
with the other 2N 2(N+1) nylons 4 6 and 6 8. Macromolecules, 
1997, 30: 3569−3578

24. Jakes J, Krimm S, Normal coordinate analyses of molecules with 
the amide group. Spectochimica Acta, 1971, 27A: 35−63

25. Skrovanek D J, Painter P C, Coleman M M. Hydrogen bonding 
in polymers. 2. Infrared temperature studies of nylon 11. Macro-
molecules, 1986, 19: 699−705

26. Skrovanek D J, Painter P C, Coleman M M. On the validity of 
a commonly employed infrared procedure used to determine 
thermodynamic parameters associated with hydrogen bonding in 
polymers. Macromolecules, 1985, 18: 299−301

27. Zbinden R. Infrared Spectroscopy of High Polymer. New York: 
Academic, 1964

28. Snyder R G, Maroncelli M, Qi S P, Strauss H L. Phase transitions 
and nonplanar conformers in crystalline n-akanes. Science, 1981, 
214: 188−190

29. Maroncelli M, Qi S P, Strauss H L, Snyder, R G, Nonplanar 
conformers and the phase behavior of solid n-alkanes. J Am 
Chem Soc, 1982, 104: 6237−6247

30. Maroncelli M, Strauss H L, Snyder H L. The distribution of 
conformational disorder in the high-temperature phases of the 
crystalline n-alkanes. J Chem Phys, 1985, 82: 2811−2824



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


