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Abstract
C30Hs,BBrCuNg, monoclinic, P2,/n (no. 14), a = 9.4265(3) A,
b = 1749455)A, ¢ = 2022695)A, B = 99.926(3),
V = 3285.73(17) A%, Z = 4, Ry (F) = 0.0387, WRLf(F? = 0.1055,
T=184K.

CCDC no.: 2424361

The molecular structure is shown in the figure. Table 1
contains crystallographic data and Table 2 contains the list of
the atoms including atomic coordinates and displacement
parameters.
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Table 1: Data collection and handling.

Crystal: Red prism

Size: 0.27 x 0.16 x 0.06 mm
Wavelength: Mo Ka radiation (0.71073 A)
u: 1.91mm™

Diffractometer, scan mode:
Bmax cOMpleteness:
N(hkl)measured; N(hkl)uniquex Rint:
Criterion for Iops, N(hkl)gy:
N(param)sefined:

Programs:

Rigaku XtaLAB P200, ¢ and w scan
27.5°,100 %

28794, 7526, 0.066

Iops > 2 0(Iops), 6,316

367

CrysAlisP®," 1L MILIONE,? SHELX,? WinGx*

1 Source of material

A solution of K{HB(3-tBu-5-iPrpz);} (potassium{hydri-
dotris(3-tert-butyl-5-isopropylpyrazol-1-yl)borate}; 373.1mg,
0.682 mmol)® in dichloromethane (20 mL) was added slowly to
a solution of CuBr, (1834mg, 0.821mmol) in methanol
(20 mL). After the mixture was stirred for 90 min, the solvent
was evaporated under vacuum, and the resulting solid was
washed with methanol (15mL). A brown powder was ob-
tained. Red-brown crystals were obtained by the slow

8 Open Access. © 2025 the author(s), published by De Gruyter. [[(c<) 2| This work is licensed under the Creative Commons Attribution 4.0 International License.


https://doi.org/10.1515/ncrs-2025-0045
mailto:kiyoshi.fujisawa.sci@vc.ibaraki.ac.jp
https://orcid.org/0000-0002-4023-0025
https://orcid.org/0000-0002-4023-0025
mailto:edward.tiekink@uib.es
https://orcid.org/0000-0003-1401-1520
https://orcid.org/0000-0003-1401-1520

436 —— K. Fujisawa and E.R.T. Tiekink: Crystal structure of CzoHs,BBrCuNg

Table 2: Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (A%)

X y z Uiso*/Ueq
Cu 0.71437 (3) 0.26216 (2) 0.79844 (2) 0.01843 (8)
Br 0.74312 (3) 0.25603 (2) 0.91409 (2) 0.03550 (9)
N11 0.83958 (17) 0.26421 (9) 0.73195 (8) 0.0184 (3)
N12 0.76670 (18) 0.26602 (9) 0.66713 (8) 0.0177 (3)
N21 0.59343 (17) 0.17396 (9) 0.74948 (7) 0.0182 (3)
N22 0.54517 (16) 0.19462 (9) 0.68359 (7) 0.0174 (3)
N31 0.59999 (17) 0.35536 (9) 0.75527 (8) 0.0187 (3)
N32 0.55159 (17) 0.34082 (9) 0.68818 (7) 0.0176 (3)
Cc1 1.0822 (3) 0.18600 (13) 0.83124 (12) 0.0328 (5)
H1A 1.157305 0.184768 0.871306 0.049*
H1B 1.092839 0.141586 0.802967 0.049*
H1C 0.987271 0.184658 0.844720 0.049*
Q 1.0824 (2) 0.32889 (13) 0.83631 (11) 0.0304 (5)
H2A 1.155017 0.325744 0.877195 0.046*
H2B 0.986046 0.329368 0.848350 0.046*
H2C 1.096907 0.375890 0.811970 0.046*
(6] 1.2465 (2) 0.26155 (15) 0.77104 (13) 0.0358 (6)
H3A 1.320996 0.260104 0.811329 0.054*
H3B 1.256515 0.308591 0.745942 0.054*
H3C 1.257359 0.217194 0.742742 0.054*
c4 1.0968 (2) 0.25960 (11) 0.79163 (11) 0.0220 (4)
c5 0.9813 (2) 0.26162 (10) 0.72933 (10) 0.0187 (4)
C6 0.9983 (2) 0.26088 (11) 0.66252 (10) 0.0216 (4)
H6 1.086807 0.258555 0.646160 0.026*
7 0.8614 (2) 0.26418 (11) 0.62417 (10) 0.0193 (4)
(@] 0.8165 (2) 0.26999 (12) 0.54946 (10) 0.0230 (4)
H8 0.717645 0.247792 0.537401 0.028*
(o] 0.8090 (3) 0.35395 (14) 0.52819 (11) 0.0414 (6)
H9A 0.774280 0.357488 0.479751 0.062*
HI9B 0.905103 0.376812 0.538982 0.062*
HIC 0.742759 0.381370 0.552211 0.062*
c10 0.9160 (3) 0.22534 (18) 0.51211 (12) 0.0445 (6)
H10A 0.884778 0.231809 0.463659 0.067*
H10B 0.912798 0.171034 0.523627 0.067*
H10C 1.014702 0.244377 0.524933 0.067*
C1 0.7292 (2) 0.05594 (13) 0.84985 (11) 0.0301 (5)
H11A 0.746570 0.023995 0.890233 0.045*
H11B 0.764847 0.107780 0.861072 0.045*
H11C 0.779815 0.034198 0.815774 0.045*
12 0.4860 (3) 0.09357 (15) 0.87410 (11) 0.0350 (5)
H12A 0.503322 0.062951 0.915276 0.052*
H12B 0.382690 0.094049 0.855889 0.052*
H12C 0.519407 0.146003 0.884238 0.052*
C13 0.5158 (3) —-0.02372 (14) 0.80835 (12) 0.0432 (6)
H13A 0.535820 —0.053597 0.849892 0.065*
H13B 0.566445 -0.046485 0.774736 0.065*
H13C 0.411967 —-0.023724 0.791367 0.065*
c14 0.5679 (2) 0.05884 (12) 0.82252 (10) 0.0241 (4)
15 0.5385 (2) 0.10408 (11) 0.75763 (10) 0.0195 (4)
c16 0.4538 (2) 0.08107 (11) 0.69747 (10) 0.0224 (4)
H16 0.401391 0.034638 0.689555 0.027*
17 0.4610 (2) 0.13878 (11) 0.65168 (9) 0.0196 (4)
c18 0.3981 (2) 0.14069 (11) 0.57794 (10) 0.0224 (4)
H18 0.380371 0.195314 0.564432 0.027*
C19 0.5040 (3) 0.10722 (14) 0.53643 (11) 0.0359 (5)
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Table 2: (continued)
X y z Uiso*/Ueq
H19A 0.465212 0.113268 0.488565 0.054*
H19B 0.518552 0.052798 0.546932 0.054*
H19C 0.596302 0.134143 0.547183 0.054*
20 0.2551 (3) 0.09876 (17)  0.56390 (13) 0.0434 (6)
H20A 0.211058 0.105991 0.516778 0.065*
H20B 0.190828 0.119087 0.592904 0.065*
H20C 0.271120 0.044123 0.572947 0.065*
1 0.7392 (2) 0.46084 (14)  0.86510 (11) 0.0319 (5)
H21A 0.756482 0.486667 0.908745 0.048*
H21B 0.794015 0.486476 0.834540 0.048*
H21C 0.770051 0.407400 0.870839 0.048*
22 0.4894 (3) 0.42670 (14)  0.88324(11) 0.0332 (5)
H22A 0.504334 0.454309 0.926039 0.050*
H22B 0.519119 0.373322 0.891071 0.050*
H22C 0.387168 0.428607 0.863029 0.050%
23 0.5360 (3) 0.54880 (13) 0.82703 (13) 0.0420 (6)
H23A 0.562126 0.575349 0.870068 0.063*
H23B 0.431812 0.552736 0.811655 0.063*
H23C 0.586684 0.572282 0.793774 0.063*
24 0.5790 (2) 0.46391 (12) 0.83581 (10) 0.0250 (4)
€25 0.5483 (2) 0.42466 (11)  0.76805 (10) 0.0203 (4)
26 0.4655 (2) 0.45344 (12)  0.70944 (10) 0.0248 (4)
H26 0.415319 0.500761 0.704695 0.030%
7 0.4705 (2) 0.40018 (11)  0.65986 (10) 0.0210 (4)
28 0.4004 (2) 0.40367 (12)  0.58762 (10) 0.0263 (5)
H28 0.466386 0.379293 0.560039 0.032*
€29 0.2605 (3) 0.36026 (15)  0.57644 (12) 0.0385 (6)
H29A 0.217786 0.362000 0.528731 0.058*
H29B 0.194201 0.383530 0.602967 0.058*
H29C 0.278532 0.306974 0.590331 0.058*
Q30 0.3756 (3) 0.48740 (15)  0.56474 (13) 0.0449 (6)
H30A 0.337693 0.488824 0.516498 0.067*
H30B 0.467091 0.515266 0.573885 0.067*
H30C 0.306342 0.511329 0.589304 0.067*
B1 0.6000 (2) 0.26838 (12)  0.65464 (11) 0.0174 (4)
H1 0.558873 0.270823 0.599318 0.021*
evaporation of a saturated dichloromethane/n-heptane

solution of the product held at room temperature and
characterised as  [Cu(Br){HB(3-tBu-5-iPrpz)s;}]-1/2H,0
(250.0 mg, 0.379 mmol, 56 %). Anhydrous, single crystals
suitable for X-ray crystallography were also obtained by
the slow evaporation of a saturated dichloromethane/n-
heptane solution of the recrystallised material held at room
temperature. Anal. calcd. for C3gHs,BBrCuNg-1/2H,0 (bulk
material): C, 54.59; H, 8.09; N, 12.73 %. Found: C, 54.33; H,
8.16; N, 12.77 %. IR (KBr, cm™): 3348 m v(0-H), 2965 s v(C—
H), 2932 m v(C-H), 2868 m v(C-H), 2566 m v(B-H), 1533 m
v(C=N). Far-IR (CsI, cm™): 287 v(Cu—Cl). UV-Vis [CH,Cl,,
Amax, M (€, M~ cm™)] 325 (1,640), 387 (790), 469 (800), 1048
(100).
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2 Experimental details

The B- and C-bound H atoms were geometrically placed
(B-H =112 A and C-H = 0.95-1.00 A) and refined as riding
with Ujso(H) = 1.2-1.5U¢4(B, C). Owing to poor agreement,
two reflections, i.e. (<11 1 2) and (-11 2 6), were omitted
from the final cycles of refinement.

3 Discussion

The coordination chemistry of strategically substituted hydro-
tris(pyrazolyDborate ligands has proven to be a very produc-
tive area of research to control the secondary coordination
sphere about the metal centre.>® Herein, is reported a bromido
copper(Il) complex, [Cu(Br){HB(3-tBu-5-iPrpz)s}], (I), where the
copper(Il) centre is ligated by a highly sterically hindered
hydridotris(pyrazolyl)borate ligand; [HB(3-tBu-5-iPrpz);] " is the
hydridotris(3-tert-butyl-5-isopropylpyrazol-1-yborate  anion.
Recently, related structures with the same ligand were re-
ported, i.e. the three-coordinate thallium(I) complex [TI{HB(3-
tBu-5-iPrpz)s}],” the four-coordinate chlorido copper(Il) com-
plex, [Cu(C){HB(3-tBu-5-iPrpz);}]® and the four-coordinate
hydroxido copper(Il) complex [Cu(OH){HB(3-tBu-5-iPrpz);}].>

The reaction of K{HB(3-tBu-5-iPrpz)s} with CuBr; led to
the title complex, (I), in 58 % yield. The IR spectrum shows
the B-H stretching band at 2566 cm™, which is slightly
shifted from the absorption band at 2562 em™ for [TI{HB(3-
tBu-5-iPrpz);}]’ and signficantly from that at 2469 cm™
for the uncoordinated anion, K{HB(3-tBu-5—iPrpz)3}.8 In the
far-IR spectrum, (I) shows a characteristic band at 287 em™
assignable to Cu-Br stretching. This band was also clearly
shifted from that at 359 cm™ for [Cu(CD{HB(3-tBu-5-iPrpz)s}],
which was assigned to Cu—Cl stretching.® The value of the
v(Cu-Cl)/v(Cu-Br) ratio (= 1.25) is consistent with the calcu-
lated reduced mass (1.25). The d-d transition band was
observed at 1048 nm (¢ = 100 M~ cm™), which is almost the
same energy to 1009 nm (g = 50 M ' cm™) for [Cu(Cl){HB(3-
tBu-5-iPrpz);}.® The red-shift in the UV-Vis spectra arises
from the ground state change from d(x*y? to d(z%.5®

The molecular structure of (I) is shown in the figure
(70 % probability ellipsoids) and features a tridentate
[HB(3-tBu-5-iPrpz);]™ anion coordinated to copper(Il) which
is also connected to a bromido ligand. The tridentate ligand
coordinates in a fashion so that the t-butyl groups are
orientated towards the copper(Il) atom. The Cu-N bond
lengths are not equivalent with Cu-N110£1.9365(17) A being
significantly shorter than those for Cu-N21 and Cu-N31 of
2.0670(16) and 2.0636(16) A, respectively. With respect to the
bromido atom, the N11 atom subtends the widest angle at
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the copper(I) centre, i.e. 136.45(5)°, compared with the N21,
N31-Cu-Br angles of 114.15(4) and 115.25(4)’, respectively. It is
proposed that this feature of the molecular structure is
related to the presence of intramolecular methyl-C-H---Br
interactions which are less than the sum of the van der Waals
radii and are directional. These interactions involve two
t-butyl methyl groups derived from two pyrazolyl residues,
i.e. containing the coordinating N21 and N31 atoms that for-
m the longer Cu-N bonds [geometric parameters:
Cl11-H11---Br: H11b---Br = 2.83 A and angle at H11b = 153
C12-H12c---Br: H12c---Br = 2.84 A and angle at H12c = 151%
C21-H21c---Br: H21c---Br = 2.81 A and angle at H2lIc = 153
C22-H22b---Br: H22b---Br = 2.92 A and angle at H22b = 151°]. It
is the presence of the intramolecular methyl-C-H---Br in-
teractions that draws the N21- and N31-containing 3-tBu-5-iPrpz
residues away from the copper(ID) centre, thereby elongating
the Cu-N21, N31 bonds and widening the N11-Cu-Br angle.

The four-coordinate geometry about the copper(Ill) atom
exhibits a wide range of angles, spanning 91.61(6)", for N11-
Cu-N31, to 136.45(), for N11-Cu-Br. From the equation,™
74=[360 — (a + B)/141], where a and § are the two widest angles
subtended at the copper(II) centre, an indication of the coor-
dination geometry may be obtained. The value calculated for
(D is 0.77 and compares with 0.85 for a trigonal-pyramidal
geometry and 0.64 for a see-saw geometry; a value of 1.00
corresponds to an ideal tetrahedral geometry.'

The Cu-Br bond length in (I) is 2.3105(3) A which com-
pares to 2.2891(4)A in the structure of [Cu(Br){HB(3,5-
iPr,pz);}." The reduction of the Cu-Br bond length in the all
i-propyl molecule reflects the lack of signifcant intra-
molecular C-H---Br contacts described above for ().

Being surrounded by hydrogen-rich regions and with
the bromide atom engaged in four close intramolecular
methyl-C-H---Br interactions, see above, the molecule in
(D) does not form any directional intermolecular interactions
in the crystal; a similiar conclusion was made for the iso-
structural chlorido complex.®

These observations are confirmed by the calculation of the
Hirshfeld surface contacts and two-dimensional fingerprint
plots which were conducted with CrystalExplorer” using
standard protocols.”® This analysis shows there are only four
types of surface contacts in the crystal of (I), namely, and in
order of significance, H---H (84.5 %) > CH/H---C (5.8 %) > Br---H/
H---Br (4.9 %) > N---H/H---N (4.7 %). Similiar calculations were
performed on the isostructural chlorido species.® In this crystal,
the contribution from H---H contacts increased to 85.4 % cf. (I),
with small, concomittant decreases in the C---H/H---C (5.6 %),
Cl---H/H---Cl (44 %) and N---H/H---N (4.5 %) surface contacts.
Calculations were also performed on the all i-propyl/bromido
complex, [Cu(Br){HB(35-iPropz);}l." As expected with the
decrease percentage content of hydrogen in the latter complex,
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there is a decrease in the contribution of H---H contacts to the
surface, i.e. 80.2 %. This decrease is compensated by increases
in the C---H/H:--C (6.9 %), Br---H/H:--Br (6.7%) and N---H/
H---N (6.2 %) surface contacts.

Acknowledgments: This research was supported by the
Joint Usage/Research Centre for Catalysis and the Koyanagi
Foundation.

Conflict of interest: The authors declare no conflicts of interest.
Research funding: This study was financially supported by
the Joint Usage/Research Centre for Catalysis (Proposals
22DS0143, 23DS0198 and 24ES0584).

Author contribution: All authors have accepted re-
sponsibility for the entire content of this submitted manu-
script and approved submission.

References

1. Rigaku Oxford Diffraction. CrysAlis PRO; Rigaku Corporation: Oxford,
UK, 2021.

2. Burla, M. C; Caliandro, R.; Camalli, M.; Carrozzini, B.; Cascarano, G. L.;
De Caro, L.; Giacovazzo, C.; Polidori, G.; Siligi, D.; Spagna, R. IL MiLone: a
Suite of Computer Programs for Crystal Structure Solution of Proteins.
J- Appl. Cryst. 2007, 40, 609-613.

3. Sheldrick G. M. Crystal Structure Refinement with SHewx.. Acta
Crystallogr. 2015, 71, 3-8.

4. Farrugia, L. J. WinGX and Orrtep for Windows: an Update. J. Appl. Cryst.
2012, 45, 849-854.

5. Fujisawa, K.; Kobayashi, T.; Fujita, K.; Kitajima, N.; Moro-oka, Y.;
Miyashita, Y.; Yamada, Y.; Okamoto, K. Mononuclear Copper(Il)

10.

DE GRUYTER

Hydroxo Complex: Structural Effect of a 3-position of Tris(pyrazolyl)
borates. Bull. Chem. Soc. Jpn. 2000, 73, 1797-1804.

. Fujisawa, K.; Shimizu, D.; Tiekink, E. R. T. Crystal Structure of

Chlorido {hydridotris[3-phenyl-5-methylpyrazol-1-yl-kN°]borato }
copper(Il).. Z. Kristallogr. - New Cryst. Struct. 2021, 236, 135-138.

. Fujisawa, K.; Shimizu, D.; Tiekink, E. R. T. Crystal Structure of

{hydridotris[3-(t-butyl)- 5-isopropylpyrazol-1-yl-kN3]borato}thallium(I).
Z. Kristallogr. New Cryst. Struct. 2021, 236, 169-172.

. Fujisawa, K.; Tada, N.; Ishikawa, Y.; Higashimura, H.; Miyashita, Y.;

Okamoto, K. The Most Hindered Hydrotris(pyrazolyl)borate Ligand,
X-ray Structure of Chlorocopper(Il) Complex: [Cu(Cl){HB(3-Ad-5-
Pripz)s}] as Compared with [Cu(Cl){HB(3-Bu'-5-Pr'pz)s}]. Inorg. Chem.
Commun. 2004, 7, 209-212.

. Imai, S.; Fujisawa, K.; Kobayashi, T.; Shirasawa, N.; Fujii, H.; Yoshimura,

T.; Kitajima, N.; Moro-oka, Y. ©3Cu NMR Study of Copper(I) Carbonyl
Complexes with Various Hydrotris(pyrazolyl)borates: Correlation
between %3Cu Chemical Shifts and CO Stretching Vibrations. Inorg.
Chem. 1998, 37, 3066-3070.

Yang, L.; Powell, D. R.; Houser, R. P. Structural Variation in Copper(I)
Complexes with Pyridylmethylamide Ligands: Structural Analysis with a
New Four-Coordinate Geometry Index, t4. Dalton Trans. 2007, 955-964.
https://doi.org/10.1039/B617136B.

. Marx, M.; Frauendorf, H.; Spannenberg, A.; Neumann, H.; Beller, M.

Revisiting Reduction of CO, to Oxalate with First-Row Transition Metals:
Irreproducibility, Ambiguous Analysis, and Conflicting Reactivity. JACS
Au 2022, 2, 731-744.

. Spackman, P. R.; Turner, M. J.; McKinnon, J. J.; Wolff, S. K.; Grimwood,

D. J.; Jayatilaka, D.; Spackman, M. A. CrystalExplorer: a

Program for Hirshfeld Surface Analysis, Visualization and
Quantitative Analysis of Molecular Crystals. J. Appl. Crystallogr. 2021, 54,
1006-1011.

. Tan, S. L.; Jotani, M. M.; Tiekink, E. R. T. Utilizing Hirshfeld Surface

Calculations, Non-covalent Interaction (NCI) Plots and the Calculation
of Interaction Energies in the Analysis of Molecular Packing. Acta
Crystallogr. 2019, E75, 308-318.


https://doi.org/10.1039/B617136B

	Crystal structure of bromido[hydridotris(3-tert-butyl-5-isopropylpyrazolyl)borato-κ3N,N′,N″]copper(II), C30H52BBrCuN6
	1 Source of material
	2 Experimental details
	3 Discussion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (Euroscale Coated v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /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 false
  /MaxSubsetPct 35
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1000
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.10000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /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 <<
    /DEU <>
    /ENU ()
    /ENN ()
  >>
  /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
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName (ISO Coated v2 \(ECI\))
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName <FEFF005B0048006F006800650020004100750066006C00F600730075006E0067005D>
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 8.503940
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /UseName
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 841.890]
>> setpagedevice


