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1. Materials and Methods

All reagents and solvents were purchased from commercial suppliers and used as
received, unless otherwise indicated. Powder X-ray diffraction (XRD) data were
collected on a Bruker D8 advanced X-ray diffractometer using Cu K, radiation (A =
1.5418 A) at a scan rate of 0.04 F5. The structure and chemical composition of all
samples were characterized on a JEOL JSM-6700F field emission scanning electron
microscope (SEM), equipped with an Oxford INCA X-sight energy dispersive X-ray
spectrometer. Transmission electron microscopy (TEM) images were obtained with a
JEM-2100 high-resolution transmission electron microscope (200 kV). The electron
structures of NP PdCu were analyzed with an AXIS SUPRA X-ray photoelectron
spectrometer (XPS), using monochromatized Mg K, X-ray as the excitation source,
and choosing C 1s (284.60 eV) as the reference line. All reactions were carried out in
oven-dried glassware under air atmosphere, and monitored by thin layer
chromatography (TLC) at short time intervals. Reaction products were further
purified by silica-gel column chromatography using silica gel (200-300 mesh) if
necessary. Nuclear magnetic resonance spectra (NMR) were tested on Bruker AV400
(400 MHz) in deuerated solvent with tetramethylsilane (TMS) as internal standard for
'H NMR and *C NMR. The chemical shifts are reported in ppm downfield (8) from
TMS, the coupling constants J are given in Hz. The peak patterns are indicated as
follows: s, singlet; d, doublet; t, triplet; g, quartet; m, multiplet. EDS analysis was
carried out using EDAX Genesis with HITACHI FE-SEM S4300 operated at an

accelerating voltage of 20kV.

2. Fabrication of NP-PdCu Catalyst

PdisCusAlgy alloy foils with the thickness at ~50 pm were fabricated by melting
pure Pd, Cu, and Al (>99.9%) in an arc furnace under the protection of argon,
followed by spinning as reported in our previous work (C. Xu, Y. Liu, J. Wang, H.
Geng and H. Qiu, J. Power Sources, 2012, 199, 124-131.). The alloy foils were etched

in 1.0 M NaOH solution for 24 h The as-dealloyed samples were washed by ultrapure
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water for several times and dried under the natural atmosphere before utilization.

3. General Procedure for NP-PdCu catalyzed Suzuki-Miyaura

Coupling Reaction

To a round-bottom flask with a magnetic stir bars, halogenated benzene (1.0 mmol),
aromatic boronic acid (1.2 mmol), EtOH (3.0 ml), H,O (3.0 mL), Na,CO3 (1.5 mmol)
and NP-PdCu (6.0 mg) were successively added. The reaction mixture was stirred
gently at 80 <C for a specified period. The reaction progress was monitored by thin
layer chromatography (TLC). After the reaction finished, the reaction mixture was
cooled to room temperature. NP-PdCu was easily recovered via centrifugation and
washed several times with water and methanol. The catalyst was dried at room
temperature for its reuse. Most of EtOH in the reaction solution was evaporated under
reduced pressure. Then 15.0 mL of water was added to the reaction mixture, which
can be extracted by CH,Cl, (13.0 mL). The organic phase was separated and dried
over anhydrous sodium sulfate. After evaporating under reduced pressure, the crude
product was obtained, which was further purified via silica gel chromatography
(eluent: ethyl acetate/petroleum ether = 6/1) to give target product. Lastly, the pure

product was confirmed with NMR.

4. Gram-scale Production for 2-Cyano-4'-Methylbiphenyl

To a round-bottom flask with a magnetic stir bars, 2-bromobenzonitrile (10 mmol,
1.82 g), 4-methylbenzeneboronic acid (12 mmol, 1.63 g), EtOH (20 ml), H,O (20 mL),
Na,CO3; (15 mmol, 1.59 g) and NP-PdCu (60 mg) were successively added. The
reaction mixture was stirred gently at 80 <C for 6 h. The reaction progress was
monitored by thin layer chromatography (TLC). After the reaction finished, the
reaction mixture was cooled to room temperature. NP-PdCu was easily recovered via
centrifugation and washed several times with water and methanol. The catalyst was
dried at room temperature for its reuse. Most of EtOH in the reaction solution was

evaporated under reduced pressure. Then 40.0 mL of water was added to the reaction
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mixture, which can be extracted by CH,Cl, (30.0 mL). The organic phase was
separated and dried over anhydrous sodium sulfate. After evaporating under reduced
pressure, the crude product was obtained, which was further purified via silica gel
chromatography (eluent: ethyl acetate/petroleum ether = 6/1) to give target product.

Lastly, the pure product was confirmed with NMR.
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Fig. S1 (a) XRD pattern of NP-PdCu alloy with the standard patterns of pure Pd

(JCPDS 65-2867) and Cu (JCPDS 04-0836) attached for comparison, XPS data of
NP-PdCu alloy for (b) Pd 3d and (c) Cu 2p core levels.
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Fig. S2 The recyclability of the NP-PdCu catalyst for the Suzuki-Miyaura
cross-coupling between p-bromotoluene and phenylboronic acid.
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5. Products Analysis

4-methyl-1,1'-biphenyl (3a)

Y

white solid (156.8 mg, 93%). *H NMR (400 MHz, d-DMSO): § 7.647-7.628 (m, 2H),
7.558 (d, 2H, J = 8 Hz), 7.451 (t, 2H, J = 8 Hz), 7.342 (t, 1H, J = 7.2 Hz), 7.274 (d,
2H, J = 8 Hz), 2.364 (s, 3H). *C NMR (100 MHz, CDCl3): § 141.19, 138.38, 137.04,
129.50, 128.73, 127.02, 127.00, 21.13.

1,1'-biphenyl (3b)
white solid (144.9 mg, 94%). 'H NMR (400 MHz, CDCls): & 7.642-7.641 (m, 4H),

7.496-7.477 (m, 4H), 7.400-7.363 (m, 2H). *C NMR (100 MHz, CDCls): § 141.26,
128.78, 127.28, 127.19.

2-methyl-1,1"-biphenyl (3c)

white solid (151.4 mg, 90%). *H NMR (400 MHz, d-DMSO): & 7.444 (t, 2H, J = 7.6
Hz), 7.381-7.232 (m, 6H), 7.203-7.182 (m, 1H), 2.227 (s, 3H). *C NMR (100 MHz,

CDCls): 6 142.01, 141.98, 135.38, 130.34, 129.84, 129.23, 128.10, 127.28, 126.80,
125.80, 20.51.

5-methyl-[1,1'-biphenyl]-2-ol (3d)
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~;

white solid (178.7 mg, 97%). 'H NMR (400 MHz, d-DMSO): & 9.268 (s, 1H),
7.541-7.518 (m, 2H), 7.404-7.366 (m, 2H), 7.300-7.263 (m, 1H), 7.054 (d, 1H, J = 2
Hz), 6.960 (dd, 1H, J = 2, 8 Hz), 6.836 (d, 1H, J = 8 Hz), 2.242 (s, 3H). **C NMR
(100 MHz, CDCls): § 150.19, 137.30, 130.70, 130.02, 129.64, 129.24, 129.09, 127.86,
127.79, 115.66, 20.52.

[1,1'-biphenyl]-2-carbonitrile (3e)

U
pale yellow grease (166.7 mg, 93%). *H NMR (400 MHz, CDCls): & 7.800 (dd, 1H, J
= 7.6, 8 Hz), 7.678 (td, 1H, J = 1.2, 7.6 Hz), 7.608-7.587 (m, 2H), 7.561-7.454 (m,

5H). 3C NMR (100 MHz, CDCly): § 145.52, 138.16, 133.77, 132.84, 130.11, 128.78,
128.75, 127.57, 118.75, 111.30.

methyl [1,1'-biphenyl]-4-carboxylate (3f)

I

white solid (195.2 mg, 92%). *H NMR (400 MHz, d-DMSO): & 8.040 (d, 2H, J = 8.4
Hz), 7.830 (d, 2H, J = 8.4 Hz), 7.740 (d, 2H, J = 7.6 Hz), 7.515 (t, 2H, J = 8 H2),
7.439 (t, 1H, J = 7.2 Hz), 3.883 (s, 3H). *C NMR (100 MHz, d-DMSO): § 166.53,
145.16, 130.28, 130.24, 129.58, 128.89, 127.45, 127.43, 127.40, 52.63.

4-nitro-1,1'-biphenyl (3g)
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Yo

white solid (169.3 mg, 85%). ‘H NMR (400 MHz, CDCls): & 8.332 (m, 2H),
7.786-7.759 (m, 2H), 7.669-7.648 (M, 2H), 7.552-7.457 (m, 3H) *C NMR (100 MHz,
CDCly): § 147.66, 147.11, 138.80, 129.17, 128.93, 127.82, 127.40, 124.13.

2-phenylpyridine (3h)

N

’d

N

colorless liquid (135.0 mg, 87%), *"H NMR (400 MHz, d-DMSO): & 8.687-8.674 (m,
1H), 8.109-8.088 (m, 2H), 7.977-7.957 (m, 1H), 7.875 (td, 1H, J = 2, 7.6 Hz),
7.524-7.425 (m, 3H), 7.359 (ddd, 1H, J = 0.8, 5.2, 6.8 Hz). *C NMR (100 MHz,
CDCls): 6 157.49, 149.71, 139.44, 136.75, 128.97, 128.77, 126.94, 122.11, 120.57.

2-methyl-8-phenylquinoline (3i)

NN
pale yellow grease (142.5 mg, 65%), *H NMR (400 MHz, d-DMSO): & 8.298 (d, 1H,
J = 8.4 Hz), 7.930 (dd, 1H, J = 0.8, 8 Hz), 7.717-7.671 (m, 3H), 7.595 (t, 1H, J = 7.6
Hz), 7.488-7.371 (m, 4H), 2.592 (s, 3H). *C NMR (100 MHz, CDCls): § 158.74,

145.47, 139.91, 139.61, 136.22, 131.05, 130.27, 127.75, 127.23, 127.11, 126.95,
125.39, 121.79, 25.76.

2,4'-dimethyl-1,1"-biphenyl (3j)

.
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faint yellow liquid (165.8 mg, 91%). *H NMR (400 MHz, d-DMSO): §7.287-7.155
(m, 8H), 2.348 (s, 3H), 2.222 (s, 3H). *C NMR (100 MHz, CDCls): & 141.90, 139.06,
136.40, 135.42, 130.31, 129.88, 129.10, 128.80, 127.09, 125.77, 21.20, 20.54.

4'-methyl-[1,1'-biphenyl]-2-carbonitrile (3k)

DL
white solid (183.6 mg, 95%). *H NMR (400 MHz, CDCls): § 7.780 (dd, 1H, J = 0.8, 8
Hz), 7.656 (td, 1H, J = 1.2, 7.6 Hz), 7.543-7.425 (m, 4H), 7.332 (d, 2H, J = 8 Hz),
2.451 (s, 3H). *C NMR (100 MHz, CDCly): & 145.56, 138.72, 135.29, 133.74, 132.78,
130.00, 129.74, 128.64, 127.29, 118.90, 111.22, 21.28.

4,4'-dimethyl-1,1'-biphenyl (3I)
white solid (171.3 mg, 94%). '"H NMR (400 MHz, d-DMSO): § 7.530 (d, 4H, J = 8

Hz), 7.253 (d, 4H, J = 8 Hz), 2.336 (s, 6H). *C NMR (100 MHz, CDCls): & 138.30,
136.71, 129.45, 126.83, 21.10.

4-methoxy-1,1'-biphenyl (3m)
|

0
white solid (175.0 mg, 95%). *H NMR (400 MHz, d-DMSO): & 7.620-7.598 (m, 4H),
7.435 (t, 2H, J = 8 Hz), 7.311 (t, 1H, J = 7.2 Hz), 7.031 (d, 2H, J = 7.2 Hz), 3.799 (s,

3H). *C NMR (100 MHz, CDCls): & 159.14, 140.84, 133.80, 128.73, 128.17, 126.75,
126.67, 114.21, 55.36.
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4-methoxy-4'-methyl-1,1'-biphenyl (3n)
I

O
light grey solid (192.3 mg, 97%). *H NMR (400 MHz, CDCls): § 7.559-7.520 (m, 2H),
7.497-7.470 (m, 2H), 7.257 (d, 2H, J = 8 Hz), 7.015-6.978 (m, 2H), 3.876 (s, 3H),

2.413 (s, 3H). *C NMR (100 MHz, CDCls): & 158.94, 137.98, 136.36, 133.76, 129.44,
127.97, 126.60, 114.17, 55.36, 21.06.

4'-methoxy-5-methyl-[1,1'-biphenyl]-2-ol (30)
8
UL

pale yellow solid (210.0 mg, 98%). *H NMR (400 MHz, d-DMSO): & 9.204 (s, 1H),
7.484-7.462 (m, 2H), 7.027 (d, 1H, J = 1.6 Hz), 6.960-6.902 (m, 3H), 6.811 (d, 1H, J
=8 Hz), 3.777 (s, 3H), 2.230 (s, 3H). 3C NMR (100 MHz, CDCls): § 159.26, 150.29,
130.72, 130.25, 129.93, 129.42, 129.26, 127.56, 115.50, 114.67, 55.38, 20.52.

2-(4-methoxyphenyl)pyridine (3p)

_0O

N
]
S
white solid (166.7 mg, 90%), *H NMR (400 MHz, CDCls): & 8.683-8.670 (m, 1H),
7.975 (dt, 2H, J = 2.8, 8.8 Hz), 7.762-7.682 (m, 2H), 7.199 (ddd, 1H, J = 1.2, 5.4, 6.2
Hz), 7.025 (dt, 2H, J = 2.8, 8.8 Hz), 3.890 (s, 3H). *C NMR (100 MHz, CDCls): &
160.47, 157.16, 149.53, 136.72, 132.01, 128.19, 121.44, 119.89, 116.10, 114.78,

114.14, 55.37.

2-(o-tolyDpyridine (3q)
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N

|

NS
white solid (150.6 mg, 89%), 'H NMR (400 MHz, CDCls): & 8.686-8.688 (m, 1H),
7.975 (dt, 2H, J = 3.2, 8.8 Hz), 7.766-7.683 (m, 2H), 7.219-7.185 (m, 1H), 7.026 (dt,
2H, J = 3.2, 8.8 Hz), 3.893 (s, 3H). **C NMR (100 MHz, CDCls): & 160.46, 157.14,

149.56, 136.66, 132.06, 128.17, 121.41, 119.81, 114.13, 29.72.

Electronic Supplementary Information S13



6veC—

88C°L :
Nvm.n//r

mmv.hﬂ
1SS°L
Omw.h\

m\hm.ﬁ

FI0°T |

E80°C

v0'C |

7.5

0.0

4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

1 (ppm)

4.5

6.0 5.5 5.0

6.5

7.0

8.0



el'1c—

00°LCI
0'LCl
€L'8TIT
0s°6¢l
YO'LET~
8¢ 8
ol'1v1

A\

L

20 15

25

50 45

55

65

70
1 (ppm)

85

90

T T T T T T T T
135 130 125 120 115 110 105 100

T
140




e9¢’L
18¢°L
00t'L
8L
Rv&W
96t'L
129°L
6¢9'L
9L

7.5

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

8.0

8.5

1 (ppm)



—141.26
128.78
127.28
127.19

oy, A aad, - RGP RO IRIrY e PYRTPES RURE S FIPURPY NRCIUIT WY NEPURPRTY WA W T U Y WPy
g YA "

I T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
t5 140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
1 (ppm)



LCTT—

|

E00°E |

66'S
S6'1

L6°0 |

0.0

0.5

3.0 2.5 2.0 1.5 1.0

3.5

7.0 6.5 6.0 5.5 5.0 4.5 4.0
1 (ppm)

7.5

8.0



1$°0¢—

08°STI
08°9Z1
8T'LT1
01'STI
MQQM
v86714
PE0gl
gerser/
8611
S.Niv

n
Vriyw

15

20

30

50

70

75

T T T T T T T T T
140 135 130 125 120 115 110 105 100

T
145

1 (ppm)



wTT—

9289
989
8769
€569
8969
€L69
¢SO'L
hmo.hv.
€90 L—F
Nwm.h\
00€°L
99¢’L
98¢°L
v0v'L
8IS°L
V'L

89C6—

OH

0.0

0.5

1.0

1.5

2.0

M 200°€ |

2.5

3.0

T T T
5.5 5.0 4.5 4.0 3.5
1 (ppm)

6.0

6.5

10T |
0’1l
5001
w:: .
00°C
Re6'l

7.0

7.5

8.0

8.5

— F660 [

9.5




¢S 0C—

$d
60°6C1
v 6cl
79°6C1
0L°0ET~"

0C°LET—

61°0ST—

OH

10

20

70

80

T
90

T
100

T
110

T
120

T
130

T
140

T
150

1 (ppm)



P Ly
195°L1
L8S 'L
809°L-
859"L-
199°L
LLY'LY

089°L
969°L
669'L
68L°L
16L°L
608°L
118°L

CN

86T
v0'l

] HM w%g .

@ 90°¢C ¢

0.0

0.5

1.0

1.5

3.0

3.5
1 (ppm)

4.0

4.5

6.5

7.0

7.5



Du Jialei
放置图像


0 TIT—

SL8IT—

LS LTI

mh.wmﬁW

8L'8CI
0e17-

LLEET
91 8¢l

¢S SyI—

CN

145

135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
1 (ppm)

140

150



€88 ¢—

1Th'L
6E'L
LSY'L
96t'L
SIS'L
€€S°L
8EL'L
ﬁmhsyk
VT8 L
SH'L~
LEO'8~
850'8/

COOMe

o

ML

%:.m

5201
Hzoo.m

=00C 1

A y0C
00T

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

7.5

8.0



€9Cs—

O¥'LTI
v LTl
Sv'LCl
68'8CI—
wm.omﬁ.\.
vC0el
8C 0Ll

91T Svi—

€S 99—

COOMe

e kA b i YA

10

20

30

40

50

60

70

T
90

T
100

T
110

T
120

T
130

T
140

T
150

T
160

T
170

1 (ppm)



NO,

.

7.5

3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0

4.0

1 (ppm)

6.0 5.5 5.0 4.5

6.5

7.0

8.0

3.5



147.66

14711

138.80

129.17
128.93

[
{

127.82

127.40

124.13

NO,

150

145

140

135

130

125

120

115

110

105

100

95

90

T T T
75 70
1 (ppm)

65

60

55

50

45

40

35

30

25

20

15



Nvm.j
mvm.j
PSE LT
LSE LA
19€LA
€9€"LA
ELEL
SLEL
Sy’ L—
ress?
LS6°L

Rm.nw
880°8

mcﬁw\

VL9°8~
L89°8~

o

U

U

00T |

ket

001 |

he |

El160 |

7.5

8.0

3.0 2.5 2.0 1.5 1.0 0.5 0.0

3.5

4.0

4.5
1 (ppm)

5.0

5.5

6.0

6.5

7.0



LS 0TI~
1171 —
v6'9C1

R.wsw
L6817

SLO9CT—
144315

ILevi—

6V LS —

30 20 10

40

T T T T T
130 120 110 100 90 80 70
1 (ppm)

T
140

T
150

50



65 C—

I

F00°¢

Ls6'¢
601

80°¢ [

E20°1

F96°0 |

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.0

8.5

1 (ppm)



9L°SC—

6L 1¢I
6¢°SCl
$69¢C1
I1°LT1
eC’ LTl

SL'LTI
LTOLIT
SO'IEl
cC9tl
19°6¢1
16°6¢1
LY’ Syl

NN

e e —
|

YL 8ST—

10

50

70

T
90

T
100

T
110

T
120

T
130

T
140

T
150

T
160

1 (ppm)



TT—
e ¢
605 T~

voe ¢ —

SST'L~
LTTL—
L8TLY

Fooe |

Foo¢

Ferst

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

1 (ppm)



S0~
0TI

LLSTI

60°LT1

ow.wmﬁ/
01621

88°6C1—
:.QQ\
SEl~
0r 91"
90'6£1-"
06 T¥ 1~

L

ontaviirseadidbiied

30 25 20 15

35

50

70 65

75

T T T T T T T T T
140 135 130 125 120 115 110 105 100 95

T
145

1 (ppm)



[Sv'¢—

TTE LA
e LA
STH'LA
V5L
9€9°LA
6£9°LA
$S9'L
859°L
PLO'L
LLY'L
69L'L
E.n/
68L'L

16L°L

>

1.0

1.5

_ —— F00°¢

3.0

3.5

4.0

4.5

5.0

B\
6.0

6.5

CN

7.0

T
7.5

1 (ppm)



8C1C—

CCII—

9o-31
$9'8Z1

L¥6T1

00061-E
8L7E1—
vLes1/
TL8E1—

9¢ Svi—

CN

PRy

Yy

Ty

15

20

30

40

45

70 65

5

T T T T T T T T T
140 135 130 125 120 115 110 105 100

T
145

1 (ppm)



9¢eC—

YT L~
€T L
0TS 'L~
ovs'L~

A

Fooo |

Feeer

Fo6¢

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0
1 (ppm)

8.0



~138.30
~136.71
—129.45
—126.83

—21.10

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
140 135 130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 50 45 40 35 30 25 20 15
1 (ppm)



A

66L ¢ — -

JJLJL N

N

020'L
oL
€6C’L
I1¢°L
6Ce’L
SIV'L
mmv.h%
12945

865" L |
oor] —©

=00°¢ |

RgoT

H\mog i

+L0C
10y

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

1 (ppm)



9¢°CS—

1CyvIil—

L9921
crozL>
L1821/
€L'8TI
ogccr/
b 0P —

vI6ST—

10

20

30

70

T
90

T
100

T
110

T
120

T
130

T
140

T
150

T
160

1 (ppm)



evc—

9.8 ¢—

whm.f
@wm.ﬁ
166791
C00°L
800°L1
S10°LA
LVYT LA
L9T LA
OLY'L
06t'L
L6Y'L
0CS'L
cs’L
0€S'L
SES'L
LYS'L
SSL
6SS°L

i

Foo¢

=II'¢

etz

961 |

v0'C

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

1 (ppm)



90°1¢—

9¢°CS—

LTYIT—

09°9¢I

g.hﬁM
6Tl
oL eel—
9¢€9¢1~-
wm.hmﬁ\

Y6851 —

10

20

30

40

50

60

70

90 80
1 (ppm)

100

110

120

130

e

140

150

160




0£TC—

LLL€—

108°9
12879
2069
G@M
ST0°L
620°L
97 L~
vy’ L

v0C6—

OH

U

0.5

1.0

1.5

=€0°€ |

3.0

3.5

F00°E [

4.0

T T
5.5 5.0 4.5

6.0

6.5

10T |
160°€
2401

7.0

F00°C

T
7.5

8.5

E86°0 |

9.5

1 (ppm)



¢S 0C—

8L CE—

LOVIT~
0SSIT-"

9¢°LT1
@Ndmﬁ/

6C0S1—

9C6S1—

) JAIn

OH

10

30

40

50

60

70

T
90

T
100

T
110

T
120

T
130

T
140

T
150

T
160

1 (ppm)



LESS—

PTPII
w?:V
019117
63611~
et/

618217

10°2€1—
TL9ET~

esovi—

OT'LST—
LY 09T—

A/

10

20

70

90

T
100

T
110

T
120

T
130

T
140

T
150

T
160

1 (ppm)



068 ¢—

.

A/

=1I'¢

F60'C

=0T |

F60T |

£90°C

E00°T |

8.0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.5

1 (ppm)



L

€68 €— - —_

=00°¢

ES0C

EC0°T |

Fooz !

E00°C

EL60 |

8.0

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

4.5

5.0

5.5

6.0

6.5

7.0

7.5

8.5

1 (ppm)



L'6C—

E1pIl—
18611~
51T~

L1'8CI~
90°CET—
99°9¢ T~

9 6v1—

VI'LST—
9091 —

QA 7

Dbl u e

o

Lt b b

10

50

70

T
90

T
100

T
110

T
120

T
130

T
140

T
150

T
160

1 (ppm)





