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ND-YAG "2 Ho|AE ARgste] dH wh-g7]o|A] 7124 Ge(CH;)4 (tetramethyl germanium, TMG)E 35
35t Ge (germanium) WePAE A5k M2 FAHS MLSIATh. Uiz 27| 71ds] SEol$h
7t2E AFE3e] 5-100nm=E 2 EE 5 AT GelSiy ¥ F Y=Y A= TMGS} Si(CHs), (tetramethyl
silicon, TMS) 37128 FEasle] Adsion, ol wke7] ¢te] 7k &g wel iedxte] 24
S 248 £ Uk Y WedA ke 9k BhaZ(1-2 nm) o AdQl, oBY3E ERole galdee & &
Ao} ok FAE Ge Y=Y AFF Ge-RGO (reduced graphene oxide) Sto|E2|= F2A| % glEo]7
2] B7do] 50 AlelF o]% Zkz}k 800, 1,100 mAh/ge] F& WHEHS zhe AS RIS, o] WHe od
9] Ge UdAl 3w vl &2 58, 7% AlEY, JRxde] 8o 5
NS 9 SFAAE ZIdEr). oleh 222 Ge WhedAte] A28 tig FAHS 2% duA gk 24
Ag3lo] 714 R o F o tdr)

Abstract : We developed a new high-yield synthesis method of free-standing germanium nanocrystals (Ge
NCs) by means of the gas-phase photolysis of tetramethyl germanium in a closed reactor using an Nd-YAG
pulsed laser. Size control (5-100 nm) can be simply achieved using a quenching gas. The Ge,,Si, NCs were
synthesized by the photolysis of a tetramethyl silicon gas mixture and their composition was controlled by
the partial pressure of precursors. The as-grown NCs are sheathed with thin (1-2 nm) carbon layers, and well
dispersed to form a stable colloidal solution. Both Ge NC and Ge-RGO hybrids exhibit excellent cycling
performance and high capacity of the lithium ion battery (800 and 1100 mAh/g after 50 cycles, respectively)
as promising anode materials for the development of high-performance lithium batteries. This novel synthesis
method of Ge NCs is expected to contribute to expand their applications in high-performance energy con-
version systems.

Keywords : Germanium, Nanocrystals, Gas-phase photolysis, Nd-YAG pulsed laser, Ge-RGO hybrids, Lithium ion
battery
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TMG (Tetramethyl germanium, 98%, Sigma-
Aldrich)?} TMS (Tetramethyl Silicon, 98%, Sigma-
AldrichyE AR89t TMGE: 93 &7)d g, vt
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27K &8 7EAE w71l AR ok, 719 e
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10 Hz, 3Zo] 10ns&2 1064 H= 532nm T3S
Z¥= Nd-YAG ZEZ2 glo|#](Coherent SL-10)Z AR&
aFiet.
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Fig. 1. Schematic diagram of a closed gas reactor
undergoing the laser photolysis of TMG by a focused
laser beam (532 nm or 1064 nm Nd-YAG laser), and
photograph visualizing high-yield production of Ge NCs
inside the glass reactor after 1 h of laser photolysis.
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Fig. 2. (a) TEM image of the Ge NCs synthesized using
the laser photolysis of TMG. The average diameter of 200
NCs is ca. 9 nm. (b) Lattice-resolved and corresponding
FFT images of selected NCs. The d-spacing of the Ge (111)
planes is 3.3 A. TEM images of (c) avg. 5 nm diameter Ge
NCs synthesized using CO, quenching gas, (d) avg. 20 nm
and (e) avg. 100 nm diameter Ge NCs synthesized using
0, quenching gas. (f) HRTEM image of the Ge,sSiys NCs.
The d-spacing of the Ge (111) planes are 3.2 A. The
graphitic layers are separated by a distance of 3.4 A.
corresponding to the d-spacing of the graphite (002)
planes. Line-scanned profile of Si (K shell) and Ge (K
shell) elements along the cross section of Ge,5Sips NC.
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Fig. 3. The plot of the composition (x) of the Ge;Si;, NCs
versus the precursors [TMG];|TMS],.
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Fig. 4. (a) XRD patterns of Ge (8 nm and 100 nm
diameter), GeoSiy, Ge)7Sip3, and GeysSips NCs. The
reference peaks of Ge (JCPDS No. 04-0545) and Si
(JCPDS No. 27-1402) are plotted. (b) A magnified scaled
Ge (111) peak showing the lattice constant change upon
composition tuning.
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Fig. 5. (a) XPS survey scans and (b) fine-scanned Ge 3d peaks of Ge powders, and Ge and Ge,sSips NC, and (c) Si 2p

peak of GesSips NC.
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Fig. 6. Charge and discharge voltage profiles of coin-type half cells using (a) Ge NC and (b) Ge-RGO hybrid, for 1, 10,
30, and 50 cycles tested between 0.01 and 1.5V, at a rate of 0.1 C (160 mA/g). (¢) Charge/discharge capacity vs. cycle
number for a half cell cycled with a rate of 0.1 C. (d) Cycling performance as the rate increases from 0.1 C to 5.0 C.

F AE 1g W 5SS Zdsr] HsiM WA
AFE&s C, 02C, 0.5C, 1.0C, 2.0C ¢

. EXS BRI CrateZ 1.0C
olgt A w 7= F AME BT &3 At v
A& z‘f 39 TH(Ge-RGO: 1150 — 950 mAh/g, Ge

==} 770 = 550 mAh/g). 223 2.0C oo R
cratee S7MAZIAl HW Hd) 27] SFHEO 50%
o] S &3] 7AaE eI, T 60 AlelE
T 0.1CY crate® FW Al ZH2F 950 mAh/g, 720
mAh/g®] 8§73 E-g BT

Ge theg] ARE A

7o) A
ok

of gk =g w gYYoss SnEYs 2
o Beld Wyl S5 8 Sekxe) 88

71852 22 sleke W o s EEE Sk
o] 7|%E o] &3 FAUELS 7] AR
YU X (lattice mismatch)Z sl A= g&o] & H
ojt}y. EFk S& o] HlwH =21 300°C
o] FellA olFojAl= ofEgo] Utk Ge Sioll HIs)
AR e 5231E THAL Slo] SRS o

]

R |

g3l te] gdslir BEe] TR 42 &
#i Ge V=474 wiet Ao ml$- ofHo}. #Ho)A
£ o]&3 3| dEHegE ArF (193 nm)3t
CO, HOIAE AREat 71223 TMGE 2slste
Ge ¥t Askshed] ARS-E RATE36

Z 2o Kortshagen Z&F-2 w794 GeClyH,
7t 329 AT AlZH< 500 mS)S AME-3le] RF-Z
hzut 9hg719] Ge W=k A4 9 =27] Ao
(5~50 nm)E R I3 TH303 B3 Erogbogbo 1371
o] st CO, HolA F%= FENHES GeHySiH,
fre] &S ARESte] o] 2EE GeSi &= Y
RS AMSIATEY? o) 7t fE5S o83t W
Holl v]ale], & A7zle] ket Ge »}MJXM &
o|A F&d T eyRte] Ar1ek ARHE U
HE d-g7leA 7k 2gRR 28T = 7] W'
o ZHAsta gk AAAe] FHE 7 T

TMGY] #lolA ZEsle % BAL Frell 23
e Yz} Wigh, ofg, oul 5 EEsle Jo= &
HA AT Ge UAF= 4p? AAF viE AdEl Py
= Az B dE(eg. 'D, (0.883 eV above),
1Sy (2.029 eV above))E A E T} 44 532 nm¢]
(232eV)et 1064nm (1.16eV)e] ZAE= Ge-C (ca.

23 ﬂl



27181884,

249eV)# C-H (ca 425eV) AFS Ested =
B3 oUYAE AFsL, Ge 97 TMGS] Ealjol
o8 WA, Ge YAS7 =53} FHAL w3}
L Uru"z}i ’dstA dk. 3 Ge 9= TMG
FE Ge- %—ﬁzﬂ (Ge(CH3)5 )2 WHs-8l] Ge 1+
‘—011}~§ e 4 Q) BAE U9zl RS
I FAlel = AAEE L, vHAde] F Ge U=
Y= 7k ARE T 9] WA S5 98] of
YA7} olgkE]e] A3 whgo] FRE

4% Wk ks o e Wﬂi aw &
4 At (i) TMG +mhn (m > 1) = Ge* + 4CH;
(Ge 97e] A ), (ii) nGe* + nTMG (Ge-3Hr
) — Ge,, + Carbon (Ge W=SiAke] 3% ‘%ﬁ])
(iii) Ge, +Q—>Ge* FHES A ()2 QEE
A); Ge, & Q= 27 Geol FECISAIE «lﬂlz
}lel— Tﬂ—zﬂoﬂ/\{ 1‘—:]_—5\_7-0 *Jl aﬂgﬂi Ge L]_LOI;(],oﬂ
2T}, o)Akl R fEEE iRl A1) A
= oliksetare] FE BE9) Ge WAt FE o
UAR lte] 47 -89 £E7F o= 2 _i
AT UL, A E FTRIeEN HS
Ak} Bz ﬁzﬂ GE G +02—>GeO+O)— %611
l.;o }\JZ]—H]-.Q_ _i:]:%
9 A& 7 A1

Fewd Z7e ' Ge L}L“Z}&} Ge-RGO 3}
o|Hg = ;szﬂ (Ge RGO 9lwt ratio)s |83t
ZFol 92 ST A A7 TR
® Ha %%@r *J%ﬂ% A & vl S
S AUk S AIE AHH Ge Y=dAE

2ol gl A olg T Geol &
J

e

o[N

dHe A Ue Aoz M F Sk £ w2
AxAE 7F RGOE 3o|HE 7122 Axd

R
$ A 2 e AolZ] Py §) =L
g ohdel, B9 Be S Aol2 £¥E 7
99tk wepd Hold B PHE Ge th=giRt

X Ay i ot ]

£ M2 Ba3e A%E B4 glo] Baie 2
9131, §) FuEo] 530l RGOS} 1HAE 28
A4S o)gele] Ge-RGO lolER)s P2AE 3
B R RN
of S FFele A4 AAEA FRF HANS

N
x
K
30
o

7
[N
rhu

Dy wkg7lelA 532 Hi= 1064 nm IHFE Zh=
Nd-YAG 2 #o|AE o3l TMGE 7k 3
Bal 3td Ge Y=YdAE FASIATE 1A7F B<te)
B W2 80%Y FEEE ¥ w9 Ui

A 154, A 335, 2012 187

Are] 7FsalAth Ge Whegiate] A7)E whgAol
P ollEEAS o183l simE UAAE 5 U
A2, HkeAo] = AbA 7EAS ARESEFE 100 nm7}
A 7 g AT Gel,Si, ¥F UxYA=
TMG/TMS®] ER7IAE Fisfsle] Idsialon, 7t
301 Wgel i) w71 s vl
el A 24 28e & 5 AUk BHE Ge
Lheglake 2lEol AlAe] T 2A=A 50 AlolF
olFolx 800 mAh/ge] & &% SHHE Alo]Z
e 7T Yes BRI Ge-RGO 3lo]Ez]
= TZE 50 Alo]E o]Fo] Ge WAt Hut O
=2 1100 mANgZHE&7S 7HIS Rkt uket
A B AR ket dold FRMo
HFLe Ge vhedAe @514 3 2EAR )
wE 2= 9le 28Xo] ytiEnh

Acknowledgments

This study was supported by NRF (2012-
0004234). The HVEM (Daejeon) and XPS
(Pusan) measurements were performed at the
KBSI. The experiments at the PLS were partially
supported by MOST and POSTECH.

References

1. J. Heath, J. Shiang, and A. Alivisatos, ‘Germanium
quantum dots: Optical properties and synthesis.” J. Chem.
Phys., 101, 1607 (1994).

2. Y. Maeda, ‘Visible photoluminescence from nanocrystallite
Ge embedded in a glassy SiO2 matrix: Evidence in
support of the quantum-confinement mechanism’ Phys.
Rev. B, 51, 1658 (1995).

3. C. Bostedt, T. van Buuren, T. Willey, N. Franco,
L. Terminello, C. Heske, and T. Moller, ‘Strong quantum-
confinement effects in the conduction band of germanium
nanocrystals’ Appl. Phys. Lett., 84, 4056 (2004).

4. D. Lee, J. Pietryga, 1. Robel, D. Werder, R. Schaller, and
V. Klimov, ‘Colloidal Synthesis of Infrared-Emitting
Germanium Nanocrystals’ J. Am. Chem. Soc., 131, 3436
(2009).

5. D. Ruddy, J. Johnson , E. Smith, and N. Neale, ‘Size and
Bandgap Control in the Solution-Phase Synthesis of
Near-Infrared-Emitting Germanium Nanocrystals’ ACS
Nano, 4, 7459 ( 2010).

6. G Armatas and M. Kanatzidis, ‘Size Dependence in
Hexagonal Mesoporous Germanium: Pore Wall Thickness
versus Energy Gap and Photoluminescence.’Nano Lett.,
10, 3330 (2010).

7. D. Wang, Q. Wang, A. Javey, R. Tu, H. Dai, H. Kim,
P. Mclntyre, T. Krishnamohan, and K. Saraswat,



188

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

J. Korean Electrochem. Soc., Vol. 15, No. 3, 2012

‘Germanium nanowire field-effect transistors with SiO,
and high-k HfO, gate dielectrics’ Appl. Phys. Lett., 83,
2432 (2003).

. A. Greytak, L. Lauhon, M. Gudiksen, and C. Lieber.

‘Growth and transport properties of complementary
germanium nanowire field-effect transistors” Appl. Phys.
Lett., 84, 4176 (2004).

. T. Hanrath and B. Korgel, ‘Chemical Surface Passivation

of Ge Nanowires.’J. Am. Chem. Soc., 126, 15466 (2004).
T. Lambert, N. Andrews, H. Gerung, T.Boyle, J. Oliver,
B. Wilson, and S. Han, ‘Water-Soluble Germanium(0)
Nanocrystals: Cell Recognition and Near-Infrared
Photothermal Conversion Properties” Small, 3, 691
(2007).

X. Meng, R. Al-Salman, J. Zhao, N. Borissenko, Y. Li,
and F. Endres, ‘Electrodeposition of 3D Ordered
Macroporous Germanium from Ionic Liquids: A Feasible
Method to Make Photonic Crystals with a High Dielectric
Constant’ Angew. Chem. Int. Ed., 48, 2703 (2009).

B. Sun, G Zou, X. Shen, and X. Zhang, ‘Exciton
dissociation and photovoltaic effect in germanium
nanocrystals and poly(3-hexylthiophene) composites’
Appl. Phys. Lett., 94, 233504 (2009).

S. Assefa, F. Xia, and Y. A. Vlasov, ‘Reinventing
germanium avalanche photodetector for nanophotonic
on-chip optical interconnects’ Nature, 464, 80 (2010).

J. Michel, J. Liu, and L. Kimerling, ‘High-performance
Ge-on-Si photodetectors’ Nat. Photonics, 4, 527 (2010).
E. Henderson, M. Seino, D. Puzzo, and G. A. Ozin,
‘Colloidally Stable Germanium Nanocrystals for Photonic
Applications” ACS Nano, 4, 7683 (2010).

L. Cao, J. Park, P. Fan, B. Clemens, and M. L.
Brongersma, ‘Resonant Germanium Nanoantenna
Photodetectors’ Nano Lett., 10, 1229 (2010).

D. Xue, J. Wang, Y. Wang, S. Xin, Y. Guo, and L. Wan,
‘Facile Synthesis of Germanium Nanocrystals and Their
Application in Organic—Inorganic Hybrid Photodetectors’
Adv. Mater., 23, 3704 (2011).

C. Chan, X. Zhang, and Y. Cui, ‘High Capacity Li lon
Battery Anodes Using Ge Nanowires’ Nano Lett., 8, 307
(2008).

(a) M. Kim and J. Cho, “Nanocomposite of Amorphous
Ge, and Sn Nanoparticles as an Anode Material for Li
Secondary Battery’ J. Electrochem. Soc., 156, A277
(2009). (b) M. Park, K. Kim, J. Kim, and J. Cho,
‘Flexible Dimensional Control of High-Capacity Li-lon-
Battery Anodes: From 0D Hollow to 3D Porous
Germanium Nanoparticle Assemblies’ Adv. Mater:, 22,
415 (2010). (c) M. Seo, M. Park, K. Lee, K. Kim.
J. Kim, and J. Cho, ‘High performance Ge nanowire
anode sheathed with carbon for lithium rechargeable
batteries” Energy Environ. Sci., 4, 425 (2011). (d) M.
Park, Y. Cho, K. Kim, J. Kim, Liu, and M. J. Cho,
‘Germanium  Nanotubes Prepared by Using the
Kirkendall Effect as Anodes for High-Rate Lithium
Batteries” Angew. Chem. Int. Ed., 50, 9647 (2011). (e) K.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Seng, M. Park, Z. Cuo, H. Liu, and J. Cho, ‘Self-
Assembled Germanium/Carbon Nanostructures as High-
Power Anode Material for the Lithium-lon Battery’
Angew. Chem. Int. Ed., 51, 5657 (2012).

X. Wang, W. Han, H. Chen, J. Bai, T. Tyson, X. Yu,
X. Wang, and X. Yang, ‘Amorphous Hierarchical Porous
GeO, as High-Capacity Anodes for Li lon Batteries with
Very Long Cycling Life’ J. Am. Chem. Soc., 133, 20692
(2011).

T. Song, H. Cheng, H. Choi, J. Lee, H. Han, D. Lee,
D. Yoo, M. Kwon, J. Choi, S. Doo, H. Chang, J. Xiao,
Y. Huang, W. Park, Y. Chung, H. Kim, J. Rogers, and
U. Paik, ‘Si/Ge Double-Layered Nanotube Array as a
Lithium Ion Battery Anode’ ACS Nano, 6, 303 (2012).
G Jo, I. Choi, H. Ahn, and M. Park, ‘Binder-free Ge
nanoparticles—carbon hybrids for anode materials of
advanced lithium batteries with high capacity and rate
capability’ Chem. Commun., 48, 3987 (2012).

D. Xue, S. Xin, Y. Yan, K. Jiang, Y. Yin, Y. Guo, and
L. Wan, ‘Improving the Electrode Performance of Ge
through Ge@C Core-Shell Nanoparticles and Graphene
Networks’ J. Am. Chem. Soc., 134, 2512 (2012) .

L. Tan, Z. Lu, H. Tan, J. Zhu, X. Rui, Q. Yan, and
H. Hng, ‘Germanium nanowires-based carbon composite
as anodes for lithium-ion batteries’ J. Power Sources,
206, 253 (2012).

N. Rudawski, B. Darby, B.Yates, K. Jones, R. Elliman,
and A. Volinsky, “Nanostructured ion beam-modified Ge
films for high capacity Li ion battery anodes’ Appl. Phys.
Lett., 100, 083111 (2012).

M. R. St. John, A. J. Furgala, and A, F. Sammells,
‘Thermodynamic Studies of Li-Ge Alloys: Application
to Negative Electrodes for Molten Salt Batteries’
J. Electrochem. Soc., 129, 246 (1982).

J. Luther, M. Law, M. Beard, Q. Song, M. Reese,
R. Ellingson, and A. Nozik, ‘Schottky Solar Cells Based
on Colloidal Nanocrystal Films’ Nano Lett., 8, 3488
(2008).

O. Semonin, J. Luther, S. Choi, H. Chen, J. Gao,
A. Nozik, and M. Beard, ‘Peak External Photocurrent
Quantum Efficiency Exceeding 100% via MEG in a
Quantum Dot Solar Cell” Science, 334, 1530 (2011).

J. Tang, K. Kemp, S. Hoogland, K. Jeong, H. Liu,
L. Levina, M. Furukawa, X. Wang, R. Debnath, D. Cha,
K. Chou, A. Fischer, A. Amassian, J. Asbury, and
E. Sargent, ‘Colloidal-quantum-dot photovoltaics using
atomic-ligand passivation’ Nat. Mater., 10, 765 (2011).
R. Gresback, Z. Holman and U. Kortshagen, ‘“Nonthermal
plasma synthesis of size-controlled, monodisperse,
freestanding germanium nanocrystals’ Appl. Phys. Lett.,
91, 093119 (2007).

Z. Holman and U. Kortshagen, ‘Nanocrystal Inks
without Ligands: Stable Colloids of Bare Germanium
Nanocrystals’ Nano Lett., 11, 2133 (2011).
Erogbogbo, T. Liu, N. Ramadurai, P. Tuccarione, L. Lai,
M. Swihart, and P. Prasad, ‘Creating Ligand-Free Silicon



A73E3)=), A 154, A3, 2012

Germanium Alloy Nanocrystal Inks’ ACS Nano, 5, 7950
(2011).

33. W. Hummers Jr and R. Offeman, ‘Preparation of

Graphitic Oxide’ J. Am. Chem. Soc., 80, 1339 (1958).

34. J. Pola and R. Taylor, ‘Excimer laser photolysis of

tetramethylgermane’ Organometallic Chem., 437, 271
(1992).

35. M. Jakoubkoval, Z. Bastl, P. Fiedler, and J. Pola, ‘IR

laser thermolysis of tetramethylgermane for CVD of
germanium’ Infrared Phys. Technol., 35, 633 (1994).

36. F. Ishihara, H. Uji, T. Kamimura, S. Matsumoto,

H. Higuchi, and S. Chichibu, ‘Use of Tetraethylgermane
in ArF Excimer Laser Chemical Vapor Deposition of
Amorphous  Silicon-Germanium Films® Jpn. J. Appl.
Phys., 34, 2229 (1995).

37. A. Stanley, ‘Laser sensitized dissociation of tetramethyl

germane’ J. Photochem. Photobio. A: Chem., 99, 1
(1996).

38.

39.

40.

41.

189

M. Antman, L. Hilt, E. Christophy, and J. BelBruno,
‘Multiphoton ionization spectroscopy of germanium
atoms produced by multiphoton dissociation of Ge
(CyHs)y> Chem. Phys. Lett., 221, 294 (1994).

J. Park, Y. Kang, N. Song, and D. Kim, ‘Multiphoton
ITonization/Dissociation of Ge(CH;), and Ge(C,Hs),” Bull.
Korean. Chem. Soc., 20, 367 (1999).

N. Haider, D. Husain and M. Kabir, ‘The collisional
behaviour of electronically excited germanium atoms,
Ge(4p*('D,)), with simple molecules investigated by
time-resolved atomic resonance absorption spectroscopy
in the UV’ J. Photochem. Photobio. A: Chem., 72, 97
(11993).

D. Husain, A. loannou, and M. Kabir, ‘Collisional
quenching of electronically excited germanium atoms,
Ge[4p2(1S0)], by small molecules investigated by time-
resolved atomic resonance absorption spectroscopy’
J. Photochem. Photobio. A: Chem., 110, 213 (1997).




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


