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1. Reagents and Materials

Iron (III) chloride (FeCls, 97%), Palladium (II) nitrate hydrate (Pd(NO;),-xH»0),
sodium borohydride (NaBH4, 99%) and all aryl halides, aryl boronic acids were
purchased from Sigma-Aldrich. K,COs was purchased from Mallinckrodt. KOH and
Na,SO4 were obtained from Caledon. All reagents were used without further
purification. Typically, in-house distilled water was employed for all syntheses and

reactions, whereas 18.2 MQ-cm™ deionized water was used for ICP-MS studies.

2. Preparation of Fe@Fe,O, nanoparticles

Fe@Fe,O, were prepared using a modified literature procedure. Briefly, FeCl; (21
mmol) was dissolved in 400 mL of deionized water. A solution of NaBH4 (2.24 g, 59
mmol) in 30 mL of water was added dropwise while the iron (III) chloride solution was
stirred vigorously. The orange solution became dark, and a black precipitate formed.
The precipitate was vacuum-filtered and washed with 500 mL of deionized water
followed by 50 mL of 95% ethanol. The resulting black paste was transferred to a
round-bottom flask and dried in vacuo for 2 days to yield a black powder. The
Fe@Fe,O, powder was ground using a mortar and pestle to break up large aggregates in

an argon-filled glovebox (0.6 ppm H,O, 0.6 ppm O,). Yield: 0.98 g.
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3. Preparation of Fe@Fe,O, supported Pd catalyst (Fe@Fe,O,/Pd)

0.01 mmol of Pd(NOs),, 2 mg of Fe@Fe Oy, and 5 mL of aqueous KOH solution (pH
10.5) were mixed under argon and sonicated for 20 minutes. The reaction mixture was
subsequently centrifuged, and the black precipitate was washed with distilled water
once and directly used in the Suzuki-Miyaura coupling reactions under investigation.
The Pd loading amount was determined by inductively coupled plasma mass
spectrometry (ICP-MS). After filtering the reaction mixture (Whatman No. 2 filter
papers), the colorless filtrate was acidified with concentrated nitric acid and analyzed
by ICP-MS to determine the amount of unreacted Pd (0.05 % compared to initial
amount). In conclusion, Pd(NOs), is almost completely deposited on Fe@Fe,O, and
the catalyst Pd content corresponds to the initial amount of Pd(NO3); (0.01 mmol on 2
mg Fe@Fe,Oy).

4. General procedure for Suzuki-Miyaura coupling reactions

Aryl halide (2.0 mmol) and aryl boronic acid (2.4 mmol) were dissolved in 5 ml ethanol.
K>COj3 (5 mmol) in 2 mL distilled water was added to the solution. Fe@Fe,O,/Pd (0.5
mol%) were sonicated in 3 mL distilled water and also added. The reaction mixture was
stirred at room temperature in air for the indicated time. After reaction, the mixture was
diluted with HO (20 mL) and diethyl ether (20 mL). The catalyst was separated by
gravity filtration (Whatman No. 2 filter papers) or centrifugation (when catalyst was
reused), and the mixture was extracted with diethyl ether (4 x 25 mL). The organic
layers were combined, dried with anhydrous Na,SO, and the solvent was removed on a
rotary evaporator to yield the crude product. If necessary, the crude product was
purified by column chromatography on silica gel to give the desired products. Products
were identified by GC-MS and 'H and °C NMR.

While these reactions were performed in air, the catalyst may undergo slow oxidation in
solution upon prolonged (i.e., >>48 hours) exposure to air, and should not be exposed

to air when dry.
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5. Assay of residual Pd in the crude product

The reaction procedures are the same as above, except that membrane filters (Millipore,
0.45 um) were used to filter off the catalyst rather than Whatman No. 2 filter papers.
The crude product was heated to 6251 for several hours to remove organic components.

The residues were dissolved in concentrated nitric acid and analyzed by ICP-MS.

6. Characterization
'"H and C NMR spectra were recorded in CDCl; on a Varian Inova 400 spectrometer
at 400 MHz and 100 MHz, respectively. Spectra were referenced to CHCl; (7.26 ppm)

and CDCl; (77.06 ppm), respectively. Chemical shifts are recorded in parts per million

(ppm, d).

Gas chromatography-mass spectrometry (GC-MS) was performed on a HP 5890 with a
5970 MSD using electron ionization. 1 pL of an acetone solution of the product was
injected into a DB-5MS column with a 0.25 um film. The carrier gas was helium at 1
mL/min. The injection port was at 280[] and a linear temperature profile (5001 - 280[]

at 10[//minute) was employed.

Transmission electron microscopy (TEM) was performed using a JEOL 2010
Transmission Electron Microscope with an accelerating voltage of 200 keV and a LaBg
thermionic emission filament. The instrument was fitted with an Energy Dispersive
X-Ray (EDX) detector for elemental analysis. TEM samples were prepared by
suspending particles in distilled water by sonication and dropcoating the solution onto

carbon-coated, 200-mesh Cu grids (SPI Supplies).

X-ray photoelectron spectroscopy (XPS) was performed on an AXIS-165 XPS
spectrometer from Kratos Analytical. The base pressure and operating pressure in the
chamber were maintained at < 107 Pa. A monochromatic Al Ko X-ray (A= 8.34A) was
used to irradiate the samples, and the spectra were obtained with an electron takeoff

angle of 90°. Samples were pressed into carbon tape. To control sample charging, the
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charge neutralizer filament was used during the experiment. The pass energy for the
survey and the high-resolution spectra were 160 and 20 eV, respectively. Spectra were
calibrated to the C 1s emission at 284.8 eV using CasaXPS (VAMAS) software.
Following calibration, the background of each spectrum was subtracted using a
Shirley-type background to remove most of the extrinsic loss structure. Fitting was
carried out using 70% Lorentzian/30% Gaussian line shapes for metal zero-oxidation
states, and Gaussian line shapes for higher oxidation states. Binding Energy values and
orbital splitting were consistent with literature values obtained from the NIST database

(http://srdata.nist.gov/xps/).

Inductively coupled plasma mass spectrometry (ICP-MS) was performed on a Perkin
Elmer Elan 6000 ICP-MS. Sample solvents were evaporated and the organic
components were removed by heating at 62501 for several hours. The residues were
dissolved in concentrated nitric acid and analyzed by ICP-MS. The flow rate on the
instrument was 1 mL/min and dual detector mode was employed. A blank was
subtracted after internal standard correction and the values reported are an average of

three readings (35 sweeps per reading).

I
|

|

Before After

Figure S1. Magnetic separation of the catalyst from the reaction mixture.
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Figure S2. Background-subtracted high-resolution Pd 3d region of the XP spectra of
Fe@Fe,O,/Pd (a) before reaction (b) after reaction. Experimental (dotted line) and fit
(solid line) data indicate metallic Pd(0). FWHM range from 0.85 to 1.05. Note that

reduced sample size after reaction leads to reduced signal-to-noise ratio.

Fe 2p;, 2

Intensity (a.u.)
Intensity (a.u.)

716 714 712 710 708 706 716 714 712 710 708 706
Binding Energy (eV) Binding Energy (eV)
(@ (b)
Figure S3. Shirley background-subtracted high-resolution Fe 2ps;, region of the XP
spectra (dotted line) of Fe@Fe,O,/Pd (a) before reaction and (b) after reaction. The
fitting (solid lines) indicates the presence of mixed oxides Fe;O4and FEOOH. A slight

decrease in Fe(Il) is observed after reaction.
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Figure S4. Shirley background-subtracted high-resolution O 1s region of the XP
spectra of Fe@Fe,O,/Pd (dotted line) (a) before reaction and (b) after reaction. Solid
lines show fits. The peak fit to crystalline OH™ confirms the presence of FeOOH

alongside Fe;Os.

Table S1. Suzuki-Miyaura coupling reactions catalyzed by Pd/C and Fe@Fe,O,/Pd.”

O mel) — OO

Catalyst Time (h) Yield (%)"
Pd/C 4 90
Fe@Fe,O,/Pd 4 95

“Reaction conditions: 2.0 mmol bromobenzene, 2.4 mmol phenylboronic acid, 5.0 mmol K,COs,
0.5 mol % catalyst, H,O/EtOH (1:1), room temperature. bIsolated yield.

e

(a) (b)
Figure S5. TEM images of Fe@Fe,O,/Pd (a) before reaction and (b) after 5 reactions,

showing no significant change in catalyst morphology. Scale bar: 20 nm.
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Figure S6. EDX spectra of Fe@Fe.O,/Pd (a) before reaction and (b) after 5 reactions,

showing no significant change in catalyst composition.
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Biphenyl. '"H NMR (400 MHz, CDCl3): 8 7.66 (d, J = 8.4 Hz, 4H), 7.49 (t,J= 7.5 Hz,
4H), 7.39 (t, J = 7.4 Hz, 2H); *C NMR (100 MHz, CDCls): § 141.3, 128.8, 127.3,
127.2.

2-Methylbiphenyl. '"H NMR (400 MHz, CDCl;): § 7.50-7.46 (m, 2H), 7.41 (t, J = 7.6
Hz, 3H), 7.35-7.30 (m, 4H), 2.35 (s, 3H); *C NMR (100 MHz, CDCls): & 142.0, 141.9,
135.4,130.4, 129.8, 129.2, 128.1, 127.3, 126.8, 125.8, 20.5.

2-Methoxybiphenyl. 'H NMR (400 MHz, CDCl;): 8 7.57 (d, J= 7.0 Hz, 2H), 7.45 (t,J
=7.4 Hz, 2H), 7.38-7.34 (m, 3H), 7.09-7.01 (m, 2H), 3.84 (s, 3H); *C NMR (100 MHz,
CDCls): 8 156.5, 138.6, 130.9, 130.8, 129.6, 128.6, 128.0, 126.9, 120.9, 111.3, 55.6.

3-Methoxybiphenyl. 'H NMR (400 MHz, CDCl3): 8 7.65 (d, J= 8.4 Hz, 2H), 7.49 (t, J
=7.2 Hz, 2H), 7.41 (m, 2H), 7.25 (d, J="7.7 Hz, 1H), 7.20 (s, 1H), 6.96 (d, /= 8.2 Hz,
1H), 3.91 (s, 3H); °C NMR (100 MHz, CDCl5): § 160.0, 142.8, 141.2, 129.8, 128.8,
127.5,127.2,119.7, 113.0, 112.7, 55.3.

4-Methoxybiphenyl. 'H NMR (400 MHz, CDCls): 8 7.60-7.55 (m, 4H), 7.44 (t, J=7.6
Hz, 2H), 7.33 (t,J= 7.4 Hz, 1H), 7.01 (d, J = 8.9 Hz, 2H), 3.88 (s, 3H); '*C NMR (100
MHz, CDCl3): § 159.2, 140.8, 133.8, 128.7, 128.2, 126.7, 126.6, 114.2, 55.4.

4-Acetylbiphenyl. 'H NMR (400 MHz, CDCL3): & 8.04 (d, J = 8.0 Hz, 2H), 7.69 (d, J =
8.0 Hz, 2H), 7.63 (d, J= 7.5 Hz, 2H), 7.48 (t, J = 7.4 Hz, 2H), 7.41 (t, J= 7.1 Hz, 1H),
2.64 (s, 3H); °C NMR (100 MHz, CDCls): & 197.7, 145.8, 139.9, 135.9, 129.0, 128.9,
128.2, 127.3, 127.2, 26.7.

4-Nitrobiphenyl. "HNMR (400 MHz, CDCl5): 6 8.30 (d, /= 8.8 Hz, 2H), 7.74 (d, J =

8.8 Hz, 2H), 7.63 (d, J= 6.9 Hz, 2H), 7.53-7.44 (m, 3H); °C NMR (100 MHz, CDCl;):
5 147.6,147.1, 138.8, 129.1, 128.9, 127.8, 127.4, 124.1.
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biphenyl

Y
399.794 MHz H1 10 in cdc13 (ref. to CDC13 @ 7.26 ppm), temp 26.5 C -> actual temp

Pulse Sequence: szpul

autoxdb probe

b
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| |
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|
||
[
= ,Ju,?\wu | .
e ek T T T e S e
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P
4.012.00
4.02
biphenyl
100.537 MHz C13[H1] 1D in cdc13 (ref. to COC13 @ 77.06 ppm), temp 26.5 C => actual temp = 27.0 C, autoxdb probe
Pulse Sequence: s2pul
n oo oo
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g 285 EER
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z 23S i
LU :
i RO " W are— T Lrad ikl
¥ L W ity AN Lk s A AN S ot
——— e e - . I e o
180 160 140 120 100 60 40 20
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2-methylbiphenyl
399.794 MHz H1 1D in cdc13 (ref. to CDC13 @ 7.26 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: szpul

2.350

iy y

2-methylbiphenyl
100.537 MHz C13[H1] 1D in cdc13 (ref. to CDC13 @ 77.06 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: szpul

o - @
33 328 k:}
22 EEES b
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|
|
|
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|
m TR " Wy il . TR I TR " Jacnl PRTRTL VRRTTRT Y m
N . hfipbAe ey i A o iy ¥ A Lty Uakdet W i
e - e e T - e P - - ; o
160 140 120 100 80 60 40 20 ppm
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2-methoxybipheny1
399.794 MHz H1 1D in cdc13 (ref. to CDC13 @ 7.26 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

| OCH;

L4 3 falmini ]

a4 3 2 1 ppm

o
Lo 8 7 6 5
Bow ¥
1.82.87 3.00
1.93 1.93
2-methoxybiphenyl
100.537 MHz C13[H1] 1D in cdc13 (ref. to CDC13 @ 77.06 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse sequence: szpul

oo 77 37
55.568

/_77.053
__76.736

—111.274

. 15487
138.572

OCH;

P mwmm oY Ao o bR A A YA st
5 s (PR o, DL T B i T e e o LA B e e A
180 160 140 120 100 80 60 a0 20 ppm
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3-methoxybiphenyl

y
399.794 MHz H1 1D in cdc)3 (ref. to CDCI3 @ 7.26 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: szpul

o

OCH,

__1.506

A ] L i one. ch o .-
SO ; Al ‘ ; ‘ S
9 8 04 6 5 4 2 1 ppm
Eo w W v
1.751.88.96 3.00
1.760.98 0.94
3-methoxybiphenyl
100.537 MHz C13[H1] 1D in cdc13 (ref. to CDCI3 @ 77.06 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe
Pulse Sequence: s2zpul
N O - "
] e  a2R¥E o3 23 a0 ]
g 33 ERg® § g8 222 3
@ o sENN o oo NN e w
Z 33 T o e . e NN L
(7 17 1 W
! )
\
OCH,3
|
el o
P " Al s Ll ] 4 " .
e P PR b VR e R R T N ‘ ) : :
180 160 140 120 100 80 60 a0 20 ppm
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4-methoxybiphenyl
399.794 MHz HL 1D in cdcl3 (ref. to CDC13 @ 7.26 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: szpul

\“ OCH,
\

& MI b : RS Y

T T 1 T T T ¥ | I 1 T
g 8 74 6 5 4 3 2 1, ppm
o L]
3.930.96 3.00
1.956 1.93

4-methoxybiphenyl
100.537 MHz C13[H1] 1D in cdc13 (ref. to CDCI3 @ 77.06 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

114.219
77.358
77.041
76.721
55.347

159.160
-140.835

Q O CHG

60 40 20 ppm
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4-acetylbiphenyl
399.794 MHz H1 1D in cdc13 (ref. to COC13 @ 7.26 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

-
2B
iz
il
Q O coct
[ |
"
Co
| J‘
[
“\ I
|
it Hetre.- e rms WEe ity et
9 7 6 a 3 2 1
v
3.00

4-acetylbiphenyl
100.537 MHz C13[H1] 1D in cdc13 (ref. to COC13 @ 77.06 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe

Pulse Sequence: s2pul

.- 187,713
77.369
77.049

W 76.732
26.646

— 145.757

) T T T
220 200 180 160 140 120 100 80 60 40 20

ppm
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4-nitrobiphenyl
399.794 MHz H1 10 in cdc13 (ref. to CDC13 @ 7.26 ppm), temp 26.5 G -> actual temp = 27.0 G, autoxdb probe

Pulse Sequence: s2pul

"
o
0,
e A
10 9 8 7 6 5 4 3 2 1 ppm
w
2.00 2.08
2.073.11
a-nitrobiphenyl
100.537 MHz Cl3[H1] 10 in cdcl3 (ref. to CDC13 @ 77.06 ppm), temp 26.5 C -> actual temp = 27.0 C, autoxdb probe
Pulse Sequence: s2pul
=2 B EZ=heE zE8
s @ zdesd R
T i L]
‘
|
|
{
|
NO,
\
|
|
| ‘
G it ‘L‘J‘ BRI et e b Ll e R e e e s i
L : J = U i S i M YA M Y ey Sl U el b
180 160 140 120 100 80 60 40 20 ppm

S15



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

Abundance TIC: 1301009.0
3000000 14zs
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2400000
2300000
2200000 i
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0 . e e e -
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Library Searched : C:\DATABASE\WILEY138.L
Quality : 95
ID : 1,1'-Biphenyl
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154
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Abundance TIC: 0301003.D
11.99

3200000
3000000
2800000 |
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2200000
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1800000
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1400000
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800000
600000
400000

200000

0 —— - . EEETS—.
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ID : 1,1'-Biphenyl, 2-methyl-

‘Abundance Averagesgf 11.957 to 12.002 min.: 0301003.D
1
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4000 153 ;
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1000 5 128139
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Abundance #125813: 1,1'-Biphenyl, 2-methyl-

168
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Abundance
2900000

2800000
2700000
2600000
2500000
2400000
2300000
2200000
2100000
2000000 |
1900000j
1800000
1700000
1600000
1500000
1400000
1300000
1200000
1100000
1000000
900000
800000
700000
600000
500000
400000
300000
200000

100000

TIC: 0401007.D
14.08

13.65

OCH,

(o) S—
Time--> 4.00 6.00 8.00 10.00

Library Searched
Quality : 95

1200 1400 1600 18.00

C:\DATABASE\WILEY138.L

ID : 1,1'-Biphenyl, 2-methoxy-
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8000
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6000
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3000
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39
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0 1
m/z--> 40 60 80 100 120
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8000
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5000
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|
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2000 115
1000‘
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0 L
m/z--> 40 60 80 100 120

2000 22.00

2400 2600 2800 30.00 32.00

Average of 14.058%10 14.097 min.: 0401007.D
1

169
141

152
28

140 160 180 200 220 240
#27712: 1,1-Biphenyl, 2-methoxy-
184

169

141

152

140 160 180 200 220 240

348 360
260 280 300 320 340 360

260 280 300 320 340 360
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Abundance
1400000

15.21

1350000 |
1300000
1250000
1200000
1150000
1100000
1050000
1000000
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900000 |
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700000
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600000
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Abundance
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Abundance
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2400000

2300000

2200000

2100000

2000000

1900000

1800000

1700000

1600000

1500000

1400000

1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

TIC: 0902012.D
17.49

0 bes
Time--> 4.00 6.00

Library Searched
Quality
ID

‘ Abundance

‘ 9000
8000
‘ 7000
6000
5000
4000
3000
2000

76

1000 43

62
0 i
m/z-—->
Abundance

9000
8000
7000
6000
5000
4000
3000
2000

76
1000

mz->

920

40 60 80

800 1000 1200 14.00 1600 18.00

20.00

C:\DATABASE\WILEY138.L

22.00 24.00

COCH,

26.00 28.00 30.00 32.00

95
Ethanone, 1-[1,1'-biphenyl]-4-yl-
Average of 17.416 to 17.664 min.: 0902012.D
181
196
152
127 I
13 167 | 243 325 349 511
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520
#128049: Ethanone, 1-[1,1"-biphenyl]-4-yl-
196
152
%
127 |
102 1‘: 167 |

| LU
40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500 520

S21



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2010

Abundance
1800000

1700000

1600000

1500000

1400000

1300000

1200000

1100000

1000000

900000

800000

700000

600000

500000

400000

300000

200000

100000

Time-->

(o] " sk .
4.00 6.00 800 10.00 1200 14.00 16.00

TIC: 0601010.D
17.83

NO,

5, i —— - ot ppmtsiglas st " e
Y 1800 2000 2200 2400 2600 2800 30.00 32.00

Library Searched : C:\DATABASE\WILEY138.L

Quality
ID

Abundance

9000
8000
7000
6000
5000
4000
3000 |
2000
1000

0
m/z-->
Abundance

9000
8000
7000
6000
5000
4000 |
3000
2000
1000 |

0
m/z->

98
1,1'-Biphenyl, 4-nitro-

Average of 17.799 to 18.036 min.: 0501007.D
199

152

169

76 -
51 115 |

.
37 1t 137 | 183 237 267281 312 407 502

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500
#34300: 1,1"-Biphenyl, 4-nitro-
152

199

169

76
115

101

40 60 80 100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420 440 460 480 500

S22




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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 ()
  /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 suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ENG ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


