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1. General Information

Column chromategraphy was generally performed on silica gel (200-300 mesh) and
reactions were monitored by thin layer chromatography (TLC) using UV light to
visualize the course of the reactions. The 'H (400MHz) and '3C NMR (100MHz) data

were recorded on Bruker AVANCE II 400MHz spectrometer using CDCIs as solvent.

The chemical shifts (8) are reported in ppm and coupling constants (J) in Hz. 'H
NMR spectra was recorded with tetramethylsilane (6= 0.00 ppm) as internal reference;

13C NMR spectra was recorded with CDCI3 (8 = 77.00 ppm) as internal reference.
Reaction Apparatus:

Photochemical reactions were carried out under visible light irradiation by a blue led

bulb at room temperature.




2. General procedures for synthesis of 3aa-3al and 3ba-3bl

To a solution of aryl hydrazines (0.5 mmol) and alkene (1.5 mmol) in MeCN (1.5 mL)
was added Methylene Blue (0.01mmol) and 2, 6-lutidine (0.5 mmol). The reaction
mixture was stirred at room temperature under air atmosphere (open vial) and
irradiated by blue LED (7 W) for 8 h. The reaction was monitored by thin layer
chromatography (TLC). When the reaction was completed, it was diluted with water
and extracted with ethyl acetate 3 times. Removal of solvent followed by column

chromatography afforded desired products.

3. Compound characterizations
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(E)-1-benzylidene-2-phenylhydrazine (3aa).l!! Petroleum ether/ethyl acetate
= 20:1, white solid, 75% vyield (150 mg). 'H NMR (400 MHz, CDCls) & 7.65-
7.70 (m, 3H), 7.35-7.39 (m, 2H), 7.28-7.32 (m, 3H), 7.11-7.13 (m, 2H), 6.87 (t,
J= 7.2 Hz, 1H). 13C NMR (100 MHz, CDCl5) & 144.6, 137.3, 135.3, 129.3,

128.6, 1284, 126.2, 120.1, 112.8.
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(E)-1-(4-methylbenzylidene)-2-phenylhydrazine (3ab).M! Petroleum
ether/ethyl acetate = 20:1, white solid, 78% yield (156 mg). TH NMR (400

MHz, CDCl3) 8 7.64 (s, 1H), 7.57-7.59 (m, 2H), 7.29-7.33 (m, 2H), 7.20-7.22



(m, 2H), 7.12-7.15 (m, 2H), 6.90 (t, /= 7.2 Hz, 1H), 2.40 (s, 3H). 13C NMR
(100 MHz, CDCls) 8 144.8, 1384, 137.6, 132.5, 129.3, 129.3, 126.1, 119.9,

112.7, 21.4.
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(E)-1-(2-methylbenzylidene)-2-phenylhydrazine (3ac).[2 Petroleum
ether/ethyl acetate = 20:1, white solid, 62% vyield (124 mg). *H NMR (400
MHz, CDCl5) & 7.94 (s, 1H), 7.84-7.86 (m, 1H), 7.31 (t, /= 8.0 Hz, 2H), 7.20-
7.25 (m, 3H), 7.12-7.14 (m, 2H), 6.90 (t, /= 7.2 Hz, 1H), 2.51 (s, 3H). 13C
NMR (100 MHz, CDCl3) 8 144.7, 136.3, 1354, 133.1, 130.8, 129.3, 1281,

126.4, 126.1, 120.0, 112.7, 20.2.
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(E)-1-(4-chlorobenzylidene)-2-phenylhydrazine (3ad).B! Petroleum
ether/ethyl acetate = 20:1, white solid, 70% yield (140 mg). *H NMR (400
MHz, CDCl5) 8 7.58-7.63 (m, 4H), 7.29-7.36 (m, 4H), 7.11-7.13 (m, 2H), 6.92
(t, /= 7.2 Hz, 1H). 13C NMR (100 MHz, CDCl3) & 144.3, 135.8, 133.9, 133.8,

129.3, 128.8, 127.2, 120.3, 112.8.
H
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(E)-1-(4-bromobenzylidene)-2-phenylhydrazine (3ae).B! Petroleum



ether/ethyl acetate = 20:1, white solid, 76% vyield (152 mg). *H NMR (400
MHz, CDCl3) 8 7.64 (s, 1H), 7.58 (s, 1H), 7.49-7.54 (m, 4H), 7.29-7.33 (m, 2H),
7.11-7.13 (m, 2H), 6.92 (t, /= 7.2 Hz, 1H). 33C NMR (100 MHz, CDCl3) &

1443, 135.8, 134.2, 131.7, 129.3, 127.5, 122.1, 120.3, 112.8.
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(E)-1-(2-bromobenzylidene)-2-phenylhydrazine (3af).B3! Petroleum
ether/ethyl acetate = 20:1, white solid, 61% vyield (120 mg). *H NMR (400
MHz, CDCl3) 8 8.05-8.07 (m, 2H), 7.84 (s, 1H), 7.51-7.54 (m, 1H), 7.27-7.33
(m, 3H), 7.11-7.15 (m, 3H), 6.89 (t, /= 7.2 Hz, 1H). 13C NMR (100 MHz,
CDCl3) 8 144.1, 135.6, 134.0, 132.8, 129.2, 129.2, 127.3, 126.8, 122.5, 120.3,

112.7.

(E)-1-(3-bromobenzylidene)-2-phenylhydrazine (3ag). Petroleum
ether/ethyl acetate = 20:1, white solid, 54% yield (110 mg), mp: 135-136 °C.
'H NMR (400 MHz, CDCl3) & 7.82 (s, 1H), 7.69 (s, 1H), 7.51-7.57 (m, 2H),
7.39-7.41 (m, 1H), 7.20-7.31 (m, 3H), 7.10-7.12 (m, 2H), 6.90 (t, /= 7.2 Hz,
1H). 13C NMR (100 MHz, CDCl3) & 144.2, 1374, 135.2, 131.1, 130.1, 12933,
128.7, 124.8, 122.8, 120.5, 112.8. IR (film)i/cm 3220 (s), 3047 (s), 2865 (w),

890 (w), 760 (m), 695 (m). MS (ESI, m/z) 275.0 (M + H*), 297.0 (M + Na™).



Anal. calcd for Ci3H11BrNy: C, 56.75; H, 4.03; N, 10.18. Found: C, 56.48; H,

4.23; N, 10.08.

(E)-1-(4-methoxybenzylidene)-2-phenylhydrazine  (3ah).l2l  Petroleum
ether/ethyl acetate = 15:1, yellow solid, 65% yield (130 mg). H NMR (400
MHz, CDCl3) 8 7.59-7.62 (m, 3H), 7.46 (s, 1H), 7.30 (t, /= 7.6 Hz, 2H), 7.11-
7.13 (m, 2H), 6.87-6.94 (m, 3H), 3.85 (s, 3H). 3C NMR (100 MHz, CDCls) &

159.9, 144.9, 137.4, 129.2, 128.1, 127.5, 119.7, 114.0, 112.6, 55.3.
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(E)-1-(4-fluorobenzylidene)-2-phenylhydrazine (3ai).B3! Petroleum
ether/ethyl acetate = 20:1, white solid, 72% yield (144 mg). 'H NMR (400
MHz, CDCl3) 8 7.63-7.68 (m, 3H), 7.28-7.31 (m, 2H), 7.05-7.13 (m, 4H), 6.89
(t, /= 7.6 Hz, 1H). 13C NMR (100 MHz, CDCl3) & 162.8 (d, /= 246.6 Hz), 144.6,
136.1, 1315 (d, /= 3.3 Hz), 129.3, 127.7 (d, /= 8.1 Hz), 120.1, 1156 (d, /=

22.0 Hz), 112.7.
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(E)-4-((2-phenylhydrazono)methyl)benzonitrile (3aj).B3! Petroleum



ether/ethyl acetate = 10:1, yellow solid, 63% yield (120 mg). 'H NMR (400
MHz, CDCl3) & 7.96 (s, 1H), 7.71-7.74 (m, 2H), 7.62-7.64 (m, 3H), 7.30-7.34
(m, 2H), 7.14-7.16 (m, 2H), 6.95 (t, /= 7.6 Hz, 1H). 13C NMR (100 MHz,

CDCl3) & 143.7, 139.8, 134.3, 132.3, 1294, 126.2, 121.0, 119.0, 113.0, 110.8.
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(E)-1-(naphthalen-2-ylmethylene)-2-phenylhydrazine (3ak).i*! Petroleum
ether/ethyl acetate = 15:1, white solid, 52% yield (100 mg). *H NMR (400
MHz, CDCl;) 8 8.81 (d, /= 8.8 Hz, 1H), 8.34 (s, 1H), 7.82-7.91 (m, 3H), 7.49-
7.64 (m, 3H), 7.32-7.36 (m, 2H), 7.19-7.21 (m, 2H), 6.92 (t, /= 7.6 Hz, 1H).
13C NMR (100 MHz, CDCl3) 8§ 144.6, 136.9, 134.0, 130.6, 130.3, 129.4, 129.0,

128.7,126.7, 126.3, 125.9, 125.4, 124.4, 120.1, 112.8.
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(E)-1-phenyl-2-(3-vinylbenzylidene)hydrazine (3al). Petroleum ether/ethyl
acetate = 15:1, white solid, 73% yield (140 mg). H NMR (400 MHz, CDCl;)
5 7.69-7.70 (m, 2H), 7.55 (d, /= 6.8 Hz, 1H), 7.27-7.35 (m, 4H), 7.13 (d, /=
8.0 Hz, 2H), 6.88 (t, /= 7.2 Hz, 1H), 6.75 (dd, /;= 10.8 Hz, /= 17.6 Hz, 1H),
5.81 (dd, /;= 0.8 Hz, /= 18.0 Hz, 1H), 5.30 (dd, /;= 0.8 Hz, /= 10.8 Hz, 1H).
13C NMR (100 MHz, CDCl3) 8 144.6, 137.9, 137.1, 136.6, 135.5, 129.3, 12838,

126.1, 125.6, 124.0, 120.2, 114.3, 112.8. IR (film)y/cm 3314 (w), 1595 (vs),



1506 (vs), 1247 (vs), 1131 (vs), 913 (m), 749 (m). MS(ESI, m/z) 223.1 (M +
H+), 2451 (M + Na*). Anal.calcd for C;5H14Ny: C, 81.05; H, 6.35; N, 12.60.

Found: C, 80.92; H, 6.23; N, 12.85.
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(E)-1-benzylidene-2-(4-fluorophenyl)hydrazine (3ba).l Petroleum
ether/ethyl acetate = 15:1, white solid, 72% vyield (144 mg). *H NMR (400
MHz, CDCl3) & 7.71 (s, 1H), 7.65-7.67 (m, 2H), 7.37-7.40 (m, 2H), 7.31 (t, J=
8.8 Hz, 1H), 7.06-7.09 (m, 2H), 7.00 (t, /= 8.4 Hz, 2H). 13C NMR (100 MHz,
CDCl;) & 157.3 (d, /= 235.9 Hz), 141.0, 137.5, 135.1, 1286, 1285, 126.1,

115.8 (d, /= 22.5 Hz), 113.7 (d, /= 7.1 Hz).
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(E)-1-benzylidene-2-(4-chlorophenyl)hydrazine (3bb).12 Petroleum
ether/ethyl acetate = 20:1, white solid, 74% vyield (140 mg). *H NMR (400
MHz, CDCl;) & 7.63-7.66 (m, 3H), 7.35-7.39 (m, 2H), 7.31 (t, /= 7.2 Hz, 1H),
7.20-7.24 (m, 2H), 7.03-7.05 (m, 2H). 13C NMR (100 MHz, CDCl3) & 143.2,

137.9, 135.0, 129.2, 128.7, 128.6, 126.2, 124.6, 113.8.
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(E)-1-benzylidene-2-(2,4-dichlorophenyl)hydrazine  (3bc).  Petroleum
ether/ethyl acetate = 20:1, white solid, 63% yield (130 mg), mp: 127-128 °C.
'H NMR (400 MHz, CDCl3) & 7.66-7.68 (m, 3H), 7.59 (s, 1H), 7.32-7.44 (m,
3H), 7.28-7.30 (m, 2H), 6.89 (dd, A= 8.8 Hz, A= 2.4 Hz, 1H). 3C NMR (100
MHz, CDCl3) & 144.1, 138.9, 134.6, 133.1, 130.7, 129.0, 128.7, 126.4, 122.5,
114.2, 112.1. IR (film)/cm 3230 (s), 3084 (s), 2960 (m), 758 (w), 690 (w).
MS(ESI, m/z) 265.0 (M + H*), 287.0 (M + Na*). Anal. calcd for C;3H10CILNy:

C, 58.89; H, 3.80; N, 10.57. Found: C, 58.63; H, 4.03; N, 10.48.
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(E)-1-benzylidene-2-(2-chlorophenyl)hydrazine (3bd). Petroleum
ether/ethyl acetate = 20:1, white solid, 52% yield (104 mg), mp: 122-123 °C.
'H NMR (400 MHz, CDCl3) & 8.09 (s, 1H), 7.85 (s, 1H), 7.64-7.71 (m, 3H),
7.39-743 (m, 2H), 7.32-7.36 (m, 1H), 7.24-7.30 (m, 2H), 6.81 (t, /= 8.0 Hz
1H). 13C NMR (100 MHz, CDCl3) & 140.5, 139.5, 134.9, 129.0, 128.83, 128.6,
127.9, 126.4, 120.0, 116.8, 114.2. IR (film)1/cm1 3215 (m), 3051 (s), 2884 (s),
745 (w), 690 (m). MS(ESI, m/z) 231.1 (M + H*), 253.1 (M + Na*). Anal. calcd

for C;3H11CIN,: C, 67.68; H, 4.81; N, 12.14. Found: C, 67.63; H, 4.63; N, 12.02.
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(E)-N'-benzylideneacetohydrazide (3be). Petroleum ether/ethyl acetate =



3:1, yellow oil, 55% vyield (110 mg). H NMR (400 MHz, CDCls) & 10.80 (s,
1H), 7.90 (s, 1H), 7.68-7.68 (m, 2H), 7.39 (m, 3H), 2.40 (s, 3H). 13C NMR (100
MHz, CDCl3) § 174.6, 144.1, 133.9, 130.0, 128.7, 127.1, 20.3. IR (film)y/cm-?
3197 (m), 2976 (s), 2864 (w), 1671 (vs), 1607 (s), 760 (w), 690 (m). MS (ES],
myz) 163.1 (M + H*), 185.1 (M + Na*). Anal. calcd for CoH19N,O: C, 66.65; H,

6.21; N, 17.27. Found: C, 66.63; H, 6.32; N, 17.02.
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benzyl (E)-2-benzylidenehydrazine-1-carboxylate (3bf).[’! Petroleum
ether/ethyl acetate = 2:1, yellow oil, 63% yield (120 mg). 1H NMR (400
MHz, CDCls) 8 8.15 (s, 1H), 7.86 (s, 1H), 7.67-7.69 (m, 2H), 7.34-7.43 (m, 8H),
5.27 (s, 2H). 13C NMR (100 MHz, CDCl3) § 145.2, 135.8, 133.6, 130.0, 128.5,

128.5, 128.3, 128.3, 127.2, 67 4.
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(E)-tert-butyl 2-benzylidenehydrazinecarboxylate (3bg). Petroleum
ether/ethyl acetate = 3:1, yellow oil, 68% yield (130 mg). 1H NMR (400
MHz, CDCls) 8 7.85 (s, 1H), 7.67-7.90 (m, 2H), 7.36-7.37 (m, 3H), 1.55 (s, 9H).
13C NMR (100 MHz, (CDs),SO) 6 152.9, 143.6, 135.1, 129.8, 129.2, 126.9,
79.9, 28.6. IR (film)/cm1 3250 (s), 2978 (w), 1703 (vs), 1529 (s), 1258 (s),

1053 (m), 761 (w), 694 (w). MS(ESL, m/z) 221.1 (M + H*), 243.1 (M + Na*).



Anal. calcd for C;5H16N,0O5: C, 65.43; H, 7.32; N, 12.72. Found: C, 65.27; H,
7.59; N, 12.93.
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(E)-N'-benzylidene-4-methylbenzenesulfonohydrazide (3bh). Petroleum

ether/ethyl acetate = 3:1, white solid, 69% yield (140 mg), mp: 143-145 °C.
'H NMR (400 MHz, CDCls) & 8.68 (s, 1H), 7.88-7.90 (m, 2H), 7.80 (s, 1H),
7.54-7.56 (m, 2H), 7.27-7.34 (m, 5H), 2.37 (s, 3H). 13C NMR (100 MHz, CDCl3)
5 148.0, 144.2, 1352, 133.2, 130.3, 129.7, 1285, 127.9, 127.3, 215. IR
(film)v/cm™ 3226 (s), 2923 (w), 2856 (w), 1371 (m), 1157 (vs), 814 (w), 699
(w). MS (ESI, m#z) 2751 (M + H*), 2971 (M + Na*). Anal. calcd for

C14H14N20,S: C, 61.29; H, 5.14; N, 10.21. Found: C, 61.07; H, 5.32; N, 10.03.
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(E)-N'-benzylideneisonicotinohydrazide (3bi). Petroleum ether/ethyl
acetate = 1:2, yellow oil, 71% yield (140 mg). 'H NMR (400 MHz, (CDs),SO)
5 12.08 (s, 1H), 8.78 (d, /= 6.0 Hz, 2H), 8.46 (s, 1H), 7.81-7.82 (m, 2H), 7.73-
7.76 (m, 2H), 7.46-7.47 (m, 3H). 13C NMR (100 MHz, (CD3),SO) & 162.2,
150.8, 149.6, 140.9, 134.5, 130.9, 1294, 127.7, 122.0. IR (film)y/cm 3427 (w),
3200 (m), 2917 (m), 1680 (vs), 1566 (vs), 769 (w), 690 (m). MS (ESI, m/2)

226.1 (M + H*), 248.1 (M + Na*). Anal. calcd for Ci3H11N3O: C, 69.32; H,



492: N, 18.66. Found: C, 69.07; H, 5.13; N, 18.53.
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(E)-N'-benzylidenenicotinohydrazide (3bj).[!!  Petroleum ether/ethyl

Ph

acetate = 1:2, yellow oil, 66% yield (130 mg). 'H NMR (400 MHz, CDCl3) &
10.94-11.95 (m, 1H), 9.18-9.25 (m, 1H), 8.63-8.76 (m, 1H), 8.08-8.47 (m, 2H),
7.19-7.58 (m, 6H). 13C NMR (100 MHz, CDCl3) & 163.3, 152.1, 150.6, 148.6,
135.8, 133.3, 1304, 128.9, 1284, 127.5, 123.3.
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(E)-N'-benzylidenebenzohydrazide (3bk).l®! Petroleum ether/ethyl acetate
= 3:1, yellow oil, 77% yield (150 mg). 'H NMR (400 MHz, (CD3),SO) & 11.86
(s, 1H), 845 (s, 1H), 7.90-7.92 (m, 2H), 7.72-7.73 (m, 2H), 7.44-7.59 (m, 6H).
13C NMR (100 MHz, (CDs),SO) & 163.6, 148.3, 134.8, 133.9, 132.2, 130.6,

129.3, 129.0, 128.1, 127.6.

)
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(E)-N'-benzylidene-2-cyanoacetohydrazide (3bl). Petroleum ether/ethyl
acetate = 1:1, yellow oil, 53% yield (100 mg). 'H NMR (400 MHz, (CDs),SO)
5 11.80 (s, 1H), 8.00 (s, 1H), 7.68-7.70 (m, 2H), 7.41-7.43 (m, 3H), 4.21 (s,

2H). 3C NMR (100 MHz, (CD3),SO) & 165.3, 144.9, 134.3, 130.6, 129.2, 127.5,



116.5, 24.8. IR (film)v/cm 3215 (s), 2922 (m), 2260 (w), 1672 (vs), 758 (w),
690 (w). MS(ESI, m/%) 188.1 (M + H*), 210.1 (M + Na*). Anal. calcd for

C10H9N3O: C, 64.16; H, 4.85; N, 22.45. Found: C, 64.09; H, 5.03; N, 22.23.

4. Synthesis of intermediate 6

To a solution of aryl hydrazines (0.5 mmol) and alkene (1.5 mmol) in MeCN (1.5 mL)
was added Methylene Blue (0.01mmol) and 2, 6-Dimethylpyridine (0.5 mmol). The
reaction mixture was stirred at room temperature under air atmosphere (open vial) and
irradiated by blue LED (7 W) for 3 h. Then it was diluted with water and extracted
with ethyl acetate 3 times. Removal of solvent followed by column chromatography

afforded intermediate 6 (31 mg, 26%).

.Ph
HN~N

Petroleum ether/ethyl acetate = 25:1, white oil. tH NMR (400 MHz, CDCls)
8 7.83 (s, 1H), 7.29-7.40 (m, 4H), 7.20-7.25 (m, 3H), 7.13-7.15 (m, 2H), 6.73
(dd, /;= 17.6 Hz, J= 10.8 Hz, 1H), 576 (dd, /;= 17.6 Hz, /= 0.4 Hz, 1H),
5.28 (dd, /;= 10.8 Hz, /= 0.8 Hz, 1H), 5.14-5.17 (m, 1H), 3.19 (dd, /;= 14.0
Hz, /= 7.6 Hz, 1H), 297 (dd, /;= 13.6 Hz, /= 6.0 Hz, 1H). MS (ESI, m/z)

2371 (M + H*), 259.1 (M + Na*).

5. Luminescence quenching by compound 1a

A Varian Cary Eclipse fluorescence spectrometer was used to record the emission
intensities. All the solutions were excited at 664 nm and the emission intensity at 685



nm was observed. CH;CN was degassed with a stream of N, for 30 min. In a typical
experiment, the emission spectrum of a 5x10 M solution of Methylene Blue in
CH;CN was collected. Then, appropriate amount of quencher was added to the
measured solution in a quartz cuvette and the emission spectrum of the sample was
collected. Iy and I represent the intensities of the emission in the absence and presence
of the quencher at 685 nm.

.g
E
Wavelength (nm)
2.0+
y=a+b*x
|| Equation
0.9979
18- Adj. R-Square
Value  Standard Error|
Intercept ~ 0.98849 0.01135
B
16 Slope  15622.7106  320.54805
> 14-

00000 00001 00002 000003 00004 000005 000006
1a(mol/L)
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7. Spectroscopic Data for Products



=1=]==]
rig'o
=] = =]
Ll L
oL L
GLZ L
Laz L
L5z L
262 L
ooe L
ZLE'L
SLe' L
FSE L
SLEL
LBE' L
L5E L
59 L
0L9" L
EL8°L
S68 L

S

Jaa

FSLTLL

Lol 0L ——
zLl9gl
sag8zL — ==
L8z 6z
SBZ GEL —

gsziie, —

L PRl

3aa

PRM




LGE'T

W

303

203 2.02.03

10

25e LT

BLDZL L

SE2'6L L

2l 92
Q0E' 682 |
25 CTE L
0SS LEL ——
SseEr8ElL ——

ZLLPEL

T
200




ZLS'Z

5L8°9
LEE'2
SLE8'8
b2l
ETLL
EvL L
Loz L
20T L
ZE2T L
Q2T L
CET L
2L
e L
LSZ L
o8Z L
S0E" L
SZE L
Oot2 L
L58° L
Lag s
EFE L

SN

3[00

SS L oZ

oirsZLL — 3
OLO'0ZL —

g280'9z L
LET 9Z L %
[=Ju ) Ty =T

=
L8282 ——

Sig0sr —

. \\\|
orLssE — T — == =%
e SE L \ 1

592 91
osg' FElk ————— S

10

PR



=

"Ph

=

Cl

Jad

PPM

Jad

Cl

eo 9521 L

LGE'0

££6'9 2Le'0Z )

SLE'9

FA N [ rMNth[/
LEL L = 4847221 —— T
£E L L = sLegsZl ——
FA=TAFR = 15 I mrmmmrw
mGMh/ & 9 T et
mNMh[/I.[ = = £8L GEL

{55 5a

i BFE il
ESE N oy
09E L 55
6L5 L s

[=1=i=Fa
009" L

g9 L

100

150

20




LB8°9
g9LE' 9
reES 9
2014
oLl £
L
ST L
CEL L
S22 L
082" L
FoE L
LOE" L
SZTE L
o8t L
LOS £
205 L
S1Ls £
TS L
2ES L
945 L
BEQ L

e\

403

|
I

199

2522

e 0Z L
zelL Ze L
QB LE L
oL 8L
LEL el
stz el
Z2L 5E L

E0E L

Ph

N\, N
N

Jae

PRM

T
100




a.i2'9
Laisl=in=]
=3 =iy =]
[=1 0]} S
Fl O
[0 S
QL
[ =1 N
99z L
SeZ L
PR =TS
Q0E" L
aze L
[ =
SES L
CEG' L
SES L
ota L
SO e
oso'e
FA=Tolg=]
LLoe

S

|

JUW 5

96

EELZLL —

ZLZ 0T
retTT b /
PRV -TAN o o
SLE LTI %l
LEL' 6T L
EEZ 6T L
S9LEZEL

_
SLE EEL %
zZes el

Skl FEL




5.2'9
L5829
Fie'9
Z0L L
ZZ L
Loz L
ozZe L
ore L
[R=FAFE
oLz L
[S1=TArA
a0’ L
ose" L
oLt L
LS &
DES L
QL5 L
oo L
=1 =A

S

Br

305

cES L ——
[N=T=e -4t

ZEQ ZZ L /
S9LPTL ——
reorazl — T
BEE 6T ——
L0 OEL ﬁ
0 LEL

851 gEL — T
EEF LEL

o8l FEL

Br

ol

L

)




L oo
o o
rd
X L
7 = i
O
o i
.
i zoz ss
=
stae =
-
ri8'9 Fig
ze2'9
Bro I Liszi
i S0 L L
B0 L / S 20l 6LL
[=FARY) / = E
z8g & # S LES LE L
LOE & w N s 590 22 )
oze L —— = = - szz 6T+
zov L - =
985 4 ogE LEL
PES L | co
E0 268 brL
0zo' 2
rze L L
3 606 851
L=
4
- » )

PPN

8

10

140

e J‘“" : W.U\ G A TS A AT S b

200




Lig”
[=1=1=h
208"
+S0°

LLO”
9.0

(=]l
e80°
LE0°
(=1 N0
2z
2z 1
LLT
[a]=Ta
(=T
L0E°
ZLe’
2z9°
EED’

[ =0
059"
259"
£929°
L9

R

S

1%

zeoziLL
005 S L L M
0ZL Gl L —
LZLOZL ——
Lo izl

EEYAE /
ez BTl — N
oot LElL

seb el

220921

955 L

95 L9l
ZEQ AL

Ph

N N
N

PPN




PPM

iy

50

oes’
EES
a2ra
jg=lE]
L9686
5965
SE L’
=10
=R
FR=R
=1=R1
oo

oeg'0L L
LLB 2L L

ge0’' skl —
ogs 0z

rOoE

5LE

i = zoz 9zl ———
= ;
= ELEGEL ———
- E zrezel ——
= asz el ——

=i —
&=
P= M eLiBEL
SLLEFL

LZg
SEE
Qe
£Z9°
L2
9E9
2
L
214
SEL

i
a
|
L

A O o o O A AR R R R

LGB




£05°9
LZs'9
oFs 9
o814
o0z L
9LE L
LZE L
SEE'L
2EE°L
95E L
EBF L
LS L
EZE L
j=A=2F A
CES L
OFS L
EFG L
o9FS L
095 L
Fas L
965" L
565 L

246

[SA=0ya
LEL°2
sLa'g
rES L
LEDL
rza’ L
e L
S8 L
Le8'L
oLe' L

L

BLLZL L
L0211
=]=] =0 e |
SEE'SZ
[F=1=3 =l
a95Z'9<g
hog=l=R=la
sLiagt
585 2821
ESE'BZ L
SLEQEL
OL5 EEL
So2'98
2E9'0EL

ZES L

N




EBZ'S
==t =]
0LE'S
ZIE'S
LBLG
GELS
ZER'S
reER'S
0ZL'9
Ltig
FoL9
[3-Fiu=]
£98'9
288’9
[s]s]sie=]
=1
BEL L
292 L
L8EZ L
52T L
20E £
FlLE L
rEE'L
CE5E'L
29g° L
ZLE L
=k g=R
E95 L
229°L
2694

=

N’N\Ph

3al

1.06

il
e
o951
oo

[s1>3=0
St
SoL
[=1=tog

QES
S95

L20
oos

Lg=i=h

3al

5

T
140




riG'o
966'9
L1002
950° L
290 L
8.0 L
080 £
s6z L
glLEL
zes L — 5
29g L
oge L
rob L
ET=
1991
0ioL
20L° L

(o

SN

-

<

Ph

3ba

{2{03
)

L

195 208 195
‘|
.

|

i

PEOEL L
SLLELL W
BLYSHL ——
OB G L

zrL ezt —
serezL ———
zoo'azl

arlsel ————

Lo LE L —
SEGE0FE ————

FEO25E ———
Ert85L —

=

<

Ph

3ba

™

PPM

T
100




SZOL
2r0 L
Loz 4
202 L
ELZL
QZTT L
Lea £
BEZ L
2824
o0E £
LOE L
ZLES
SGZTE L
FoE L
ELES
OGE £
cED S
[ ]=3= 1
ESO°S
FOO L

/

Cl

3bb

N
ph N’

0 20
l
}

=

2=
o
[=]
=
o
»

LESELL

L T L
zeEZ 9z 1
Leg 8zl
[s}=]=ly=TFagN
9l 8621
296 e
OLE LEL

oEZ EFL

=

(4

Ph

Cl

3bb

-
i

PPM

50

100

150

200



Fd=1= =]
282’9
P0G 9
oLs'9
GLZ7 L
e L
=1=Faar
BEZ L
LZe L
LETL
09" L
FLE L
LLETL
[ =10FA
LEEL
QL L
PERP L
LEP L
[=1=1=0FA
a9 L
[X=3=0FA

i

Cl

Cl

3be

BELELL
FELELL —

[=1=] =t

BEE Sz —
oLo 2zt %

Cl

I =

<

Ph

3be

S || [ N

T
20




95L'9
zLas
FLaa
osg'9
FE2'9
(R o=
LSE L
[}=Tara
4=
P AN
[s}=A
e L
Qo L
rOE £
ZrE L
95E L
[a}=} S0
[S3= o0
LOET L
0t L
L0t L
et L
LTt L
29’ L
oL
5594
£99° 4
59 L
S04 L
QLi s
FLis
[S=1=0F 8

os0'g

0

PLLELE ——
zzgall —
LSEELL —

FLE 9T
962 LT |/
res ezt W
ssL 8zl — 7
BEQ BT L

SLg PEL o

ESH BEL “
FLG 0L

PPM




DDDDDD

il

3he

0 PPM

150

200



[=1=Fam=]

QEE L
[S1=150a
G5E L
FoE L
LigE L
BLE L
EB6E L
268" L
Lt L
BZF L
599 4L
SEQ’ L
£29°L
=2 =]

ZB9 L

T

3bf ’

194

/?Tnu

ot L9

L LT
Loz acl
o' ezl
s0s'2821
[ ==0n =l
ogs'szl
209'egl
sog'sel

W

LBL SEL







0L Z

00

o

QzZs L2

E0E LEL
ise Lzl /
SES 821 #
Lg9' 8L ———
96Z 0E L *
hwr.mmr\
99l SEL

B80T tFl
oLo 8rl

PRM

T
100

T
180

T
200




1=l - 3
[s]=] =
[S1=l -
ELtL
EEL L
=]
=] X
LSL L
508 L
=2
oze L
gZa'L

o N o oo
i LT
— ese' el
= Li9°0€ L

N
I |
1 ‘

[o1=1-4-1 2L PEL
ziLE
Lare B ZEZE 0OFL
| =
e [=1=1=Rr-T-a0
LEL OGS

B QL Z9L

0%
J
|
I
1

2L0°Z 1




S8 L
FOZ L
ZZT L
S L
Z9g L
CLT L
(=T
TLE L
Lt L
PES L
fA=1=0F 2
[4=1=0
2.0'8
leg'e
[sl=Faay=)
5828
20e'2
=i=loy=]
eg9'8
>4 ==
(=]
[Si=Fa=]

ogL's
=] o=

SN Ve

LEE 0L

arLl Ll

6.06

1.00

-

EOE EZ L
SEE LE L e
LEP BT |/

sos gL ———
grr oSt —

LEZEEEL %
reL SEL

Legarl ————

66505 ————
ssozst —

s0E'E9L —




£92° L1

DiLG LEL
roL mw_./
LG6 mwr%
BlLE BZL

855 cmr\\\l\\
seg Nmr\
zo6 mmr\

sLe rel

iz arl

9Z9'E9L

Ir——=

<

Ph

3bk

PR

T
100

T
180

T
200




S0Z° ¢+

Ir—=
LY

ol B = \
gLt L

STt

Sig L

ogg’ L WI

N
3bl

589 L
[=1=1=28
oBs8 L

[S1 A Y

— o

g88i e

STSOL L

[=1=1
stz sl
LO2'DE L
LSZTFEL

92 Pl

QLT SOl

PRM

50

T
100

T
180

T
200




ogg'L




