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Abstract. An experimental charge density study has been carried out on proton-transfer complexes ex-
hibiting nonlinear optical (NLO) properties—melaminium tartrate monohydrate and L-asparaginium
picrate employing high-resolution X-ray diffraction at 100 K. Both the complexes crystallize in non-centric
space group P2, and the structures exhibit interesting patterns of N-H...O and O-H...O hydrogen bond-
ing. Experimental determination of the dipole moment () for the asymmetric unit reveals that for both the
crystals, there is a large cooperative enhancement in the crystalline x arising essentially due to hydrogen
bond mediated charge transfer between the melaminium ion and the L-tartrate in one case, between the L-
asparaginium ion and the picrate in the other complex. We have additionally performed theoretical calcu-
lations at the density functional theory (DFT) level to understand the origin of enhancement of the dipole

moments in the two systems.
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1. Introduction

The last few decades have witnessed a tremendous
interest in molecular materials and soft condensed
matter. Such materials include organic solids,' ™
polymers,’ thin-films,® micelles’ and biomaterials®
which occupy a central-stage for both basic and ap-
plied research. These materials are being actively
used for the design of smart devices such as organic
light emitting diodes,” hybrid organic—inorganic nano-
porous materials'’ important in gas-sensing, hydro-
gen storage and bio-mimetic applications."'
However, the optimization and fine-tuning of the
properties of molecular materials is dually challeng-
ing. It calls for a sound understanding of the proper-
ties at the molecular level, which in turn demands an
understanding of the intermolecular forces that glue
the molecules in a material. In most systems, the in
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termolecular interactions are the weak supramolecu-
lar forces involving hydrogen bonding'*'" and 7-
stacking.'* Thus, a basic understanding of the factors
that control the intermolecular interactions in an
aggregate is of fundamental interest for the proper
design and fabrication of smart materials.">"

An important class of organic materials is the non-
linear optically (NLO) active molecular crystals.'” "’
A very stringent requirement for a material to ex-
hibit non-zero second harmonic generation (SHG) is
that the crystal has to exist in a non-centrosymmetric
point group. In fact, most molecules (like parani-
troaniline) which show very large SHG at the mole-
cular scale due to charge transfer (CT) from the donor
to the acceptor (NH; to NO,), crystallize in a centro-
symmetric lattice due to predominating anti-parallel
n-stacking between the aromatic rings as a conse-
quence of dipolar interactions.*>*' However, weak
intermolecular forces like H-bonding due to their di-
rectional nature can orient molecules in a head-to-
tail manner thereby avoiding centrosymmetric pack-
ing and thus lead to enhanced SHG.** >
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For a proper understanding of the role of H-
bonding in controlling molecular packing and effec-
tively the SHG responses in molecular crystals, we
have performed an analysis of experimental charge
density (o (7)) distribution in the crystal lattices of
melaminium-L-tartrate monohydrarte (MELT) and
L-asparaginium picrate (LASP) within the frame-
work of Baders atoms-in-molecule (AIM) theory.”
The topological analysis of p(r) based on AIM allows
a quantitative description of bonds, non-bonding in-
teractions, electronic structure and reactivity of a
molecular system.”’ The charge density (p(r)) analysis
has been employed quite extensively to explore di-
verse aspects of a host of molecular systems.*® Re-
cent literature covers numerous experimental charge
density studies on NLO active crystals.” The advan-
tage with the experimental charge density method is
that it can provide complete estimation of the in-
crystal molecular properties. This becomes particu-
larly important when the said property such as SHG
arises only because of the crystal packing. The sys-
tems chosen in the present study are proton transfer
complexes with known SHG activities of 1-2
(MELT)* and 66 (LASP)’' times of KDP, respec-
tively. Previous studies on NLO systems from this
laboratory has shown that the non-centric crystal
field can enhance the molecular dipole moment sig-
nificantly.®* The present study shows that the H-
bonds mediate an extended charge-transfer with sub-
stantial increase in in-crystal dipole moments.

2. Experimental

Crystals of MELT and LASP were grown res-
pectively from aqueous and acetone-aqueous solu-
tions by slow evaporation at room temperature. High
quality crystals were separated under an optical mi-
croscope and covered with epoxy. The crystal data
were collected on a Siemens three circle diffracto-
meter attached with a CCD area detector and a
graphite monochromator for the MoKea radiation
(50 kV, 40 mA). The crystals were cooled to 100 K
on the diffractometer using a stream of cold nitrogen
gas from a vertical nozzle and the temperature was
maintained within 1 K throughout the data collec-
tion. The experimental details of the system are
listed in table 1.

The unit cell parameters and the orientation matrix
of the crystal were initially determined using ~45
reflections from 25 frames collected over a small @
scan of 12-5° sliced at 0-5° interval. A hemisphere
of data of the reciprocal space with similar 26 set-
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tings was collected. Data reduction was performed
using the SAINT program’® (Bruker, 2002) matrix
along the detector and the cell parameters were re-
fined for every 40 frames on all the measured reflec-
tions. The experimental details for the system are listed
in table 1. Absorption correction was applied on the
data using the SADABS program™ (Bruker Nonius,
2004). The crystal structure was first determined
with the low-resolution data up to sin(é/A) =
0-56 A”'. The phase problem was solved by direct
methods and the non-hydrogen atoms were refined
anisotropically, by means of the full-matrix least-
squares procedure using the SHELXTL program.”*
All the hydrogens were located using the difference
Fourier method.

The charge density analysis was carried out on the
basis of multipole expansion of the electron density
centered at the nucleus of the atoms™ using XD
package.’® The hydrogen atom positions were found
using the difference Fourier method and were ad-
justed to average neutron values®’ as commonly done
during the multipole refinement. A high-order re-
finement of the data was performed using reflections
with sin(8/4) >0-5 A" and F, >50. All the hydro-
gens were held constant throughout the refinement
along with their isotropic temperature factors. Mul-
tipolar refinement for the charge density analysis
was carried out using the XDLSM routine of the XD
package, and the details are given in table 1. The
XDPROP routine was used to calculate the total
electron density, p(r), Laplacian, V*p and the ellip-
ticity, &, at the bond critical points (BCPs) as well as
the electrostatic potential, ¢(r) profile. The deforma-
tion density maps have been plotted using the
XDGRAPH routine. The electrostatic potential sur-
face was plotted using MolIso program.*®

3. Results and discussion

Figure 1 shows the asymmetric units of the molecu-
lar complexes MELT and LASP with atom labelling
scheme. The asymmetric unit of MELT contains one
diprotonated melaminium ion and one tartrate ion
along with a molecule of water, whereas that of LASP
consists of a picrate ion and a monoprotonated L-
asparaginium ion. The refinement details of the
complexes are given in the table 1. Both the molecular
complexes crystallize in a non-centric monoclinic
space group P2;.

The molecular complex formed by melamine and
tartaric acid displays a variety of hydrogen bonds
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Table 1. Refinement table for the complexes
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Compound MELT LASP
Chemical formula C7H1 4N607 C10H11N5010
Formula weight 294.24 361-24
Cell setting Monoclinic Monoclinic
Space group P2, P2,
a (A) 4-9727(1) 10-2441(4)
b (A) 21-7273(1) 5-1147(2)
c(A) 5-5789(1) 13-0587(5)
VAQ) 103-580(2) 94-129(1)
» (Mg/m’) 1-668 1-758
M, mm- 0-148 0-160
Cell volume (A%) 585-92(2) 682-44(5)
Crystal size (mm) 0-30 x 0-20 x 0-20 0-25 x 0-20 x 0-20
VA 2 2
F(000) 308 212
Diffractometer Siemens CCD 3 Siemens CCD 3
circle diffractometer circle diffractometer

Radiation type MoK, (0-71073 A) MoK, (0-71073 A)
Crystal-detector distance (cm) 5-0 5-0
No. of measured reflections 9711 31898
No. of ind reflections 7282 14978
No. of observed reflections 5479 14968
Resolution (A) 0-35 0-35
Runerge 0-0607 0-0354
Ry 0-0284 0-0297
Ry 0-0461 0-0360
wR2 0-1106 0-0977
S 1-019 1-1070
No. of parameters refined 237 270

after multipole refinement
Weighting scheme 0-0459, 0-0869 0-0390, 0-0765
R{F} 0-0309 0-0277
R{F} 0-0509 0-0382
S 1-180 1-1264
Nied/ Ny 11-23 35-2212
CCDC No. 640612 640611

within the three molecules of the asymmetric unit.
The hydrogen bonds are either O-H---O or N-H---O
type. The unique hydrogen-bonding patterns ob-
served in the crystal structures are shown in figure
2. It is noteworthy that the water molecule in the
crystal of melaminium L-tartrate (figure 2a) is located
in between the two highly ionic species and engaged
in a tetrahedral hydrogen-bonding environment via
two N-H...O (N2-H4...01 and N3-H5...01) and
two O-H...O (O1-H13...04 and O1-H14... 06) inter-
actions (see table 2). All the carboxylic acid and hy-
droxyl oxygen atoms of the tartaric acid participate
in various N-H...O and O-H...O interactions and
play an important role in directing the crystal struc-
ture. The interaction between the melaminium resi-
due and tartrate includes two pairs of N-H...O
hydrogen bonds, (N5-HS8...02 and N3-H6...03 as

well as N2-H3...06 and N6-H7...07) which are
formed between the tartrate oxygens and hydrogens
from melamine. In addition, the tartrate ion forms an
internal O-H...O interaction (O5-H12...06, not
shown), involving the carboxylate oxygen and one
of the hydroxyl groups.

The molecular complex of L-asparagine with pic-
ric acid also shows interesting hydrogen bonding
pattern (figure 2b) and these interactions are mainly
N-H...O type. These N-H...O interactions are
originated from either the amide or amino group of
the L-asparaginium ion. The N-H... O interactions are
in the range of 1.790-2-360 A with bond angles
170-8—135-3° (see table 2). In addition to this, there
exists a strong O-H...O (010-HI11...01) hydrogen
bond, which is formed by the phenolate oxygen of
picrate and the carboxylic group of the L-asparagine.
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Table 2. Hydrogen bond critical point parameters.
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Complexes Bonds H..A(A) D..AA) D-H..A(®) pA°) ViplA?)

MELT N(1)-H(1)...0(5) 1-890(2) 2-887(1)  168-80 0-11(5) 2-95(2)
N(1)-H(2)...0(3) 1-920(1) 2:929(2)  178-82 0-13(5) 2-96(2)
N(2)-H(3)...0(6) 1-880(3) 2-882(1)  171-42 0-13(6) 3-13(4)
N(2)-H(4)...0(1) 1-843(3) 2-835(2)  166-90 0-27(5) 3.53(3)
N(3)-H(5)...0(1) 1-888(5) 2-889(1)  171-38 0-15(5) 3-08(3)
N(3)-H(6)...0(3) 1-835(4) 2-840(1)  174-08 0-24(5) 3-16(3)
N(6)-H(7)...0(7) 1-578(3) 2-587(1)  164-26 0-40(1) 41(2)
N(5)-H(8)...0(2) 1-567(1) 2-592(1)  170-88 0-50(9) 4-31(1)
0(5)-H(12)...0(6)  1-813(3) 2751(1) 16288 0-10(5) 3.5(3)
O(1)-H(13)...0(4)  2-121(3) 2:992(1) 14261 0-03(2) 0-86(1)
O(1)-H(14)...0(6)  1.765(2) 2774(1)  172-54 0-18(7) 4-06(6)

LASP N(4)-H(3)...0(1) 2:295(2) 3.0942) 13528 0-08(1) 1-14(3)
N(4)-H(3)...0(2) 2-359(3) 3.1552) 13505 0-07(1) 1-05(4)
N(4)-H(4)...0(2) 2-132(3) 3.072(2) 15419 0-07(1) 1.05(4)
N(5)-H(7)...0(7) 2-138(2) 3.069(2)  148-83 0-04(2) 1.01(3)
N(5)-H(8)...0(9) 1:790(2) 2-814(2) 17081 0-16(4) 3-65(3)
N(5)-H(9)...0(8) 2-012(3) 2-867(2) 13839 0-07(2) 1:97(4)
O(10)-H(11)...0(1)  1-573(3) 2:561(2) 16316 0-30(6) 7.19(8)
C(9)-H(6)...0(8) 2-494(2) 3.225(2) 12331 0-05(8) 0-77(4)

3.1 Analysis of experimental charge density

Figure 1. ORTEP representation of the molecular com-
plexes (a) melaminium tartrate monohydrate (MELT), (b)
L-asparaginium picrate (LASP). Displacement ellipsoids
are drawn at a 50% probability level.

A C-H...O interaction (C9-H6...08) is also formed
between two asparginium ions.

In order to correlate the structure and charge density
distribution to property, we have carried out a de-
tailed charge density analysis on both the molecular
complexes of MELT and LASP crystals and ob-
tained density and Laplacian (see Supplementary in-
formation) as well as eclectrostatic potential iso
surfaces. In MELT, the bond critical point parameters
of melaminium ion indicate the variation in charge
delocalization on protonation of the ring nitrogen
(see Supplementary table 3). We compare the bond
critical point properties of the protonated melamine
ring with that of the previously reported melamine
molecule.” The density at the bond critical point is
slightly decreased and it is in the range of 2-22(7) to
2:59(6) eA~’ whereas in the pure melamine ring, the
values are in the range, 2-4(2) to 2-62(2) cA~ (see
Supplementary table 3). The Laplacian of the den-
sity shows larger variations. These values are in the
range, —18-2(2) to —32:0(3)eA™ and -21-1(2) to
—25-5(3) eA™ for protonated and non-protonated
rings respectively. The variation of the Laplacian is
interesting in the case of the protonated ring, where
the values are higher for the bonds, which involve the
protonated nitrogen atoms. The density and Lapla-
cian in the bonding regions of the carboxylate ion of
the tartrate are in the ranges, 3-08(8)-2-65(9) ¢A™
and —51-9(4) ——17-10(2) eA™ respectively. In the
case of LASP (see Supplementary table 4), we see
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that the density and Laplacian for the C—C bonds in
picrate anion are typical of an aromatic system,
1-87(3) to 2-34(4) eA and —15-5(1) to —20-0(1) A,
respectively and that for the C—N bonds are in the
range, 1-79(4) to 1.93(4)eA” and -11-8(1) to —
13-0(1) eA™. In L-asparaginium ion, the C—C charge
density and Laplacian values indicate the single
bond nature of the bonds. The density values for the
two carboxylic acid C-O bonds are 2-93(5) and
2:40(4) eA” with the corresponding Laplacian val-
ues of —33-8(3) and —26-7(2) eA~. The proton transfer
from the picric acid gives rise to a carboxylic acid
group (in place of a carbolylate ion) resulting in two
unequal C—O bonds. The density and Laplacian for
the C(8)-N(5) are 1:65(3) eA ™~ and —8-4(1) eA™ re-
spectively. This indicates a decrease in the bond
strength due to the ionic nature of the nitrogen atom.

We have also carried out a charge density analysis
of the various hydrogen bonds in the crystal struc-

Figure 2. Unique set of hydrogen bonds observed in the
molecular complexes (a) MELT, (b) LASP.
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ture. The details of the density distribution with re-
spective hydrogen bond geometry are given in table
2. It is worthwhile to understand the variation in
density and Laplacian of the density with respect to
the hydrogen bond strength, measured in terms of
the H... A distance and the D-H... A angle. For the
N-H---O interactions in MELT crystals, the density
and Laplacian values fall in the range of 0-11(5) to
0-50(9) eA” and 2-95(2) to 4-31(1) eA™ respec-
tively. These values are in good agreement with the
standard values™ expected for a strong N-H---O hy-
drogen bond, with short H:--A distances and angles
beyond 170° (see table 2). Conversely, the O-H...O
interactions in MELT carry a density and Lapacian
values in the range of 0-10(5) to 0-18(7) eA~ and
0-86(1) to 4-06(6) eA~ showing that these interac-
tions are moderately strong. It is clear that in this
complex, the dominant interactions are through N-
H...O hydrogen bonds. We have also carried out the
charge density analysis on the hydrogen bonding in-
teraction in LASP (see table 2). The density and
Laplacian for N-H...O hydrogen bonds in these sys-
tems are in the range 0-04(2) to 0-16(4) eA” and
1-01(3) to 3-:65(3) eA~, somewhat low for a standard
N-H... O interaction. On the other hand, the values
for the O—H...O interaction (0-30(6) eA > and 7-19(8)
eA ™) indicate that this corresponds to a strong inter-
action. In general, it is clear from table 2 that the
hydrogen bonding interactions in LASP are com-
paratively weaker than those existing in MELT.

A useful application of the multipole model of the
electron density is the ability to derive the molecular
electrostatic potential for an isolated molecule in the
crystalline environment, and hence to evaluate con-
tributions of electrostatics to intermolecular interac-
tions and on molecular property.*’ Figures 3a and b
show the electrostatic potential on the iso electron
density surface at p=0-5 eA”, in MELT and LASP
respectively. The maps indicate the donor acceptor
sites for hydrogen bonding present in both the pro-
ton-transfer complexes. It is interesting to note that
in MELT (figure 3a) the L-tartrate carries most of
the negative potential (red) whereas the surface over
melaminium ion is with positive values (green and
blue) clearly implying proton transfer between these
molecules. In the perspective given in figure 3a, the
water molecule is seen carrying negative lobes (red)
corresponding to the lone-pair. A similar observa-
tion can be made in the LASP where the negative
potential surface (red) is over the picrate ion and posi-
tive surface (green and blue) on the L-asparaginium
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ion, hence the charge transfer (see figure 3b), this
case being more vivid than for MELT in figure 3a.
Thus LASP presents a case of proton transfer where
the charge transfer is almost complete with the pre-
vailing hydrogen bonds being relatively weaker.

The dipole moments of the asymmetric units have
been estimated with respect to the center of mass as
the origin, although the values themselves are inde-
pendent of the choice of origin as the asymmetric
unit as a whole is neutral.*' The values for MELT
and LASP are 22-1(5) and 40-6(7) D respectively (see
figures 3¢ and d respectively). The charge separation
in LASP being distinct, a high value of dipole mo-
ment is rather expected. The dipole moments of the
various molecular partners within the two asymmetric
units are ill-defined quantities as they are charged
species (except water molecule). It is interesting to
note that the dipole moment in water molecule in the
former is doubled in this ionic crystalline environ-
ment (gas-phase dipole-moment of water = 1-84D).*

(a) .
2.186 4
1715
1.044 A

(b)

3.268

2.556

1.843

Figure 3. Experimental electrostatic potential of (a)
MELT, (b) LASP on the 0-5 cA~ isodensity surface. A
colour gradient is applied to show the change from elec-
tronegative (towards red) to electropositive (towards
blue) regions. The dipole moments of the asymmetric unit
are shown: (¢) melaminium tartrate monohydrate and (d)
aspraginium picrate. Note the dipole moment of water,
(3-:6 D) in (¢).
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Coppens et al* have reported an enhancement in the
water dipole-moment in non-centro symmetric crystal
field. Previous theoretical calculations by Batista et
al™ in hexagonal ice structure have shown that the
dipole-moment of water can reach as high as 3-09 D.
The present study reports the experimental value of
3-6 D.

3.2 Theoretical calculations

In order to understand the origin of such high values
of the in-crystal dipole moments of the molecular
complexes, we have performed ab-initio calculations
using the ADF2006.01 package.,” at GGA-PW91
level with TZP quality basis set for all atoms, in-
volving all electrons. Note that, the positions for the
hydrogen atoms can not be taken directly from the
experimental data but are optimized, while the posi-
tions for the heavier atoms are used as determined
from the crystal structure. Consequently, there are
some differences between the computed and the ex-
perimental results. The main difference is that for
MELT, the proton is situated almost midway between
the oxygen of tartrate and nitrogen of melaminium
ions, suggesting symmetric single well hydrogen
bonding potential. The plots of the highest occupied
molecular orbital (HOMO) and the lowest unoccu-
pied molecular orbitals (LUMO) for both the neutral
asymmetric units are shown in figure 4, where the
charge-transfer between the molecular partners is
clearly evident. The total SCF electron density plots
(see supplementary information figure S4) also show
charge transfer from respective fragments in both
MELT and LASP.

We present below, the computed dipole moments
of the neutral asymmetric units in relation to the di-
pole moments of the molecular partners, treating the
latter with no charge localization.* From the indi-
vidual components of the dipole-moment vectors,
the average dipole-moment is calculated as:

=1L +15+1L .

For MELT, the asymmetric unit has a dipole moment
of 38-39 D, aligned nearly along its long axis. When
we assume the fragment charges to be not localized,
the tartrate (0) and melaminium (0) components ex-
hibit dipole moments of 2-86 D and 0-94 D respec-
tively, typically like the gas phase values for neutral
molecules. Although the computed dipole moment
of the asymmetric unit is deviated with respect to
the experimental value (22-1 D), the large enhance-
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ment compared to the classical vector some of the
neutral partners is quite apparent. This is also true of
LASP (27-01 D) with picrate (0) and L-asparaginium
(0) having dipole moments of 1-01 and 2-92 D re-
spectively.

The extent of charge-transfer and the prevailing
hydrogen bonds seem to govern the value of the di-
pole moment of the asymmetric unit. The molecular
partners with no charge localization carry small di-
pole moments and are comparable in both the cases
(0-9-3D). The high values of the asymmetric unit
dipole moment encountered (both in experiment and
theory) originate from the internal charge-transfer
between the partners in both the complexes. The hy-
drogen bonding between the partners appears to have
a counter effect; the stronger the bonding, lesser the
charge-transfer and lower the total dipole moment,
as evident from the experimental findings. However,
the deviation with respect to the computed values is
primarily due to the additional H-bonding interac-
tions that exist between the neighbouring asymmet-

Figure 4. Frontier orbitals of MELT (HOMO a, LUMO
b) and LASP (HOMO ¢, LUMO d).
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ric units, which are not considered within our gas-
phase calculations on single asymmetric units. Never-
theless even for a single-asymmetric unit, the
charge-transfer interactions within the molecular
partners enhance the dipole moment to a large extent.
The main point is that charge transfer can be in-
duced and controlled through the hydrogen bonding
and other weak interactions, causing local charge
redistribution which in turn increases the macro-
scopic polarization response by many fold qualify-
ing the crystal for second harmonic generation.

4. Conclusions

Based on our joint experimental and theoretical studies
on the crystals of melaminium-tartrate monohydrate
and L-asparaginium-picrate molecular complexes,
we have determined the charge-transfer characte-
ristics of the hydrogen bonding interactions between
the molecules. The origin of the large enhancement
in the crystal dipole moments in both the crystals is
attributed to the presence of charge transfer interac-
tions between the constituent molecules, facilitated
through the hydrogen bonds. Interestingly, the di-
pole moment of the water of crystallization in
melaminium-tartrate monohydrate determined to be
twice as large as that in the gas-phase, which is
again a consequence of the charge transfer interac-
tions within the monomer that create a local charging
environment for the water molecule. Our work pro-
vides a comprehensive understanding of the inter-
molecular forces prevalent in these important non-
linear optical materials. Supplementary information
can be obtained from the author through e-mail.
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moments are relatively high, as expected. In MELT,
the L-tartrate and melaminium ions have dipole
moments of 23-59D and 19-42 D respectively, while
in LASP, the picrate and L-asparaginium ions carry
dipole moments of 11-47D and 20-26 D respectively.
However, these quantities can not be used in our
discussion on neutral asymmetric units




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /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 (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


