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General information

All reactions were run under a nitrogen atmosphere in an undivided cell. All glassware was oven dried
at 110 °C for hours and cooled down under vacuum. Unless otherwise noted, sulfides and thiols were
obtained from commercial suppliers and used without further purification. Some sulfides were
synthesized according to the literature.! The Thin layer chromatography (TLC) employed glass 0.25 mm
silica gel plates. Flash chromatography columns were packed with 200-300 mesh silica gel in petroleum
(bp. 60-90 °C). GC-MS spectra were recorded on a Varian GC-MS 3900-2100T. All new compounds
were characterized by 'H NMR, *C NMR and HRMS. The known compounds were characterized by 'H
NMR, '3C NMR. 'H and '3C NMR data were recorded with Bruker (400 MHz) NMR spectrometer with
tetramethylsilane as an internal standard. High resolution mass spectra (HRMS) were measured with a
Waters Micromass GCT instrument and accurate masses were reported for the molecular ion + Hydrogen
(M+H), or + Sodium (M+Na). All chemical shifts (&) were reported in ppm and coupling constants (J)
in Hz. All chemical shifts were reported relative to tetramethylsilane (0 ppm for 'H), CDCI; (77.16 ppm

for 13C) and DMSO (2.50 ppm for 'H, 39.52 ppm for 13C), respectively.



Experimental section

1) Graphical guide for the set-up
As experimental set-up, a carbon rod electrode (® 6 mm), a platinum plate electrode (15 mmx15 mmx0.3
mm), a nickel plate electrode (15 mmx15 mmx1 mm), rubber plugs, an undivided three-necked bottle

and a dual display potentiostat (DJS-292B) (made in China) were used.
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Figure S1. Graphical Guide for the set-up



2) Analytical data of compounds.

joan
Cl

1-(4-Chlorophenyl)-2-ethyldisulfane (3a).

'H NMR (400 MHz, Chloroform-d) 8 7.47 (dd, J = 8.6, 1.9 Hz, 2H), 7.32 — 7.27 (m, 2H), 2.75 (qd, J =
7.4, 1.8 Hz, 2H), 1.31 (td, J= 7.4, 1.8 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 8 136.44, 132.75, 129.17, 128.84, 32.86, 14.29.

HRMS (APCI+): m/z caled for CsHoCIS, [M]*: 203.9829, found: 203.9831.

/©/S\s/\/\
Cl

1-Butyl-2-(4-chlorophenyl)disulfane (3b).?

'"H NMR (400 MHz, Chloroform-d) & 7.47 (dd, J = 8.6, 1.2 Hz, 2H), 7.29 (dd, J = 8.6, 1.2 Hz, 2H), 2.73
(t,J=17.3 Hz, 2H), 1.64 (p, J= 7.4 Hz, 2H), 1.42 — 1.36 (m, 2H), 0.89 (t, /= 7.3 Hz, 3H).

3C NMR (101 MHz, Chloroform-d) & 136.43, 132.72, 129.16, 128.83, 38.77, 30.98, 21.73, 13.77.

S<
J O
Cl

1-(4-Chlorophenyl)-2-dodecyldisulfane (3c).

'H NMR (400 MHz, Chloroform-d) § 7.52 — 7.42 (m, 2H), 7.32 — 7.26 (m, 2H), 2.75 — 2.69 (m, 2H),
1.65 (dt, J = 9.4, 5.8 Hz, 2H), 1.35 (d, J = 7.5 Hz, 2H), 1.27 — 1.23 (m, 16H), 0.87 (d, J = 7.0 Hz, 3H).
3C NMR (101 MHz, Chloroform-d) & 136.45,132.71, 129.16, 128.85, 39.12, 32.07, 29.79, 29.78, 29.72,
29.61, 29.50, 29.30, 28.90, 28.57, 22.85, 14.30.

HRMS (APCI+): m/z caled for Ci1sHaoCl1S, [M]*: 344.1394, found: 344.1393.

S<
SO
Cl

1-Benzyl-2-(4-chlorophenyl)disulfane (3d).

'H NMR (400 MHz, Chloroform-d) & 7.34 — 7.18 (m, 9H), 3.92 (s, 2H).

3C NMR (101 MHz, Chloroform-d) § 136.48, 135.77, 132.85, 129.49, 129.13, 129.06, 128.69, 127.74,
43.51.

HRMS (APCI+): m/z caled for C13H;1CIS; [M]*: 265.9985, found: 265.9991.

SN
SO
Cl

1-(4-Chlorophenyl)-2-cyclohexyldisulfane (3e).

"H NMR (400 MHz, Chloroform-d) § 7.46 (d,J= 8.6 Hz, 2H), 7.26 (d, J= 8.6 Hz, 2H), 2.78 (it, /= 10.8,
3.7 Hz, 1H), 1.98 (dd, J = 13.4, 3.4 Hz, 2H), 1.79 — 1.71 (m, 2H), 1.62 — 1.54 (m, 1H), 1.39 — 1.20 (m,
5H).



13C NMR (101 MHz, Chloroform-d) & 137.22, 132.25, 128.99, 128.19, 50.07, 32.70, 26.10, 25.62.
HRMS (APCI+): m/z caled for C12H;5CIS, [M]*: 258.0298, found: 258.0305.

sl
AT

1-(sec-Butyl)-2-(4-chlorophenyl)disulfane (3f).2

'"H NMR (400 MHz, Chloroform-d) § 7.50 — 7.44 (m, 2H), 7.29 — 7.26 (m, 2H), 2.82 (h, J= 6.8 Hz, 1H),
1.74 — 1.66 (m, 1H), 1.51 (dd, J=14.2, 7.1 Hz, 1H), 1.27 (d, J = 6.8 Hz, 3H), 0.95 (t, J = 7.4 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) & 137.13, 132.48, 129.06, 128.59, 48.70, 28.91, 20.03, 11.58.

OH

SN
e
Cl

3-((4-Chlorophenyl)disulfanyl)hexan-1-ol (3g).

"H NMR (400 MHz, Chloroform-d) 8§ 7.52 — 7.42 (m, 2H), 7.31 — 7.23 (m, 2H), 3.80 — 3.64 (m, 2H),
2.98 —2.86 (m, 1H), 1.83 (q, /= 6.5 Hz, 2H), 1.61 — 1.50 (m, 2H), 1.45 — 1.33 (m, 2H), 0.82 (t, J=7.3
Hz, 3H).

3C NMR (101 MHz, Chloroform-d) & 136.84, 132.86, 129.35, 129.06, 60.21, 49.38, 36.75, 36.37, 20.07,
13.87.

HRMS (APCI+): m/z caled for C,H3C10S, [M+H]": 277.0482, found: 277.0487.

O

u OS\S o

3-((4-Chlorophenyl)disulfanyl)hexyl 4-oxopentanoate (3h).

"H NMR (400 MHz, Chloroform-d) § 7.52 — 7.43 (m, 2H), 7.30 — 7.25 (m, 2H), 4.14 (t, J = 6.6 Hz, 2H),
2.86 —2.78 (m, 1H), 2.73 (t, J= 6.5 Hz, 2H), 2.52 (t, J = 6.4 Hz, 2H), 2.18 (s, 3H), 1.90 (q, J = 6.6 Hz,
2H), 1.63 — 1.52 (m, 2H), 1.47 — 1.31 (m, 2H), 0.83 (t, J= 7.2 Hz, 3H).

3C NMR (101 MHz, Chloroform-d) § 206.68, 172.73, 136.74, 132.91, 129.38, 129.11, 62.16, 49.23,
38.01, 36.11, 32.80, 30.00, 27.99, 20.07, 13.85.

HRMS (APCI+): m/z caled for C17H23C103S, [M]*: 374.0772, found: 374.0771.

S<
Cl

3-((4-Chlorophenyl)disulfanyl)hexyl 2-(4-isobutylphenyl)propanoate (3i).
'H NMR (400 MHz, Chloroform-d) & 7.46 — 7.39 (m, 2H), 7.28 — 7.21 (m, 2H), 7.17-7.12 (m, 2H), 7.08-
7.02 (m, 2H), 4.18-4.05 (m, 2H), 3.68-3.59 (m, 1H), 2.61 (p, J = 6.8 Hz, 1H), 2.43 (dd, J = 7.0, 2.7 Hz,

6



2H), 1.83 (q, J = 6.2 Hz, 3H), 1.50-1.42 (m, 5H), 1.33-1.20 (m, 2H), 0.89 (d, J = 6.7 Hz, 6H), 0.79-0.72
(m, 3H).

13C NMR (101 MHz, Chloroform-d) § 174.59, 140.61, 137.75, 137.74, 136.75, 136.74, 132.81, 129.40,
129.21, 129.05, 127.19, 127.17, 62.04, 61.94, 49.06, 49.04, 45.24, 45.16, 45.10, 35.96, 35.92, 32.86,
30.27, 22.50, 19.99, 18.46, 18.39, 13.77, 13.75.

HRMS (APCI+): m/z caled for CasH33Cl10,S, [M]*: 464.1605, found: 464.1602.

.k
e

1-(Tert-butyl)-2-(4-chlorophenyl)disulfane (3j).

'"H NMR (400 MHz, Chloroform-d) & 7.49 (dd, J = 8.7, 3.0 Hz, 2H), 7.36 — 7.19 (m, 2H), 1.29 (s, 9H).
13C NMR (101 MHz, Chloroform-d) & 137.58, 132.19, 128.94, 128.19, 49.59, 29.94.

HRMS (APCI+): m/z caled for C1oHi3CIS, [M]*: 232.0142, found: 232.0138.

oL
e

1-(4-Chlorophenyl)-2-isopropyldisulfane (3k).

'"H NMR (400 MHz, Chloroform-d) § 7.50 — 7.44 (m, 2H), 7.29 — 7.25 (m, 2H), 3.05 (p, J= 6.7 Hz, 1H),
1.29 (d, J=6.7 Hz, 6H).

3C NMR (101 MHz, Chloroform-d) & 137.07, 132.50, 129.08, 128.52, 41.85, 22.54.

HRMS (APCI+): m/z caled for CoH;CIS, [M]*: 217.9985, found: 217.9991.

S\S)\/

1-(sec-Butyl)-2-(m-tolyl)disulfane (3l).

'H NMR (400 MHz, Chloroform-d) § 7.38 — 7.30 (m, 2H), 7.19 (t, J = 7.9 Hz, 1H), 7.00 (d, J = 7.5 Hz,
1H), 2.82 (q, J= 6.7 Hz, 1H), 2.34 (s, 3H), 1.71 (dt, J= 14.1, 7.0 Hz, 1H), 1.55 — 1.49 (m, 1H), 1.28 (d,
J=6.8 Hz, 3H), 0.95 (t, /= 7.4 Hz, 3H).

3C NMR (101 MHz, Chloroform-d) & 138.77, 138.12, 128.78, 127.71, 127.43, 124.24, 48.45, 28.89,
21.51,20.01, 11.58.

HRMS (APCI+): m/z caled for C1Hi6S: [M]": 212.0688, found: 212.0685.

S\)\/
S

F

1-(sec-Butyl)-2-(3-fluorophenyl)disulfane (3m).
'"H NMR (400 MHz, Chloroform-d) § 7.34 —7.23 (m, 3H), 6.95 — 6.80 (m, 1H), 2.83 (h, J= 6.8 Hz, 1H),
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1.70 (dtd, J=14.8, 7.4, 6.3 Hz, 1H), 1.53 (dt, J=14.2, 7.2 Hz, 1H), 1.28 (d, /= 6.8 Hz, 3H), 0.96 (t, J
= 7.4 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 164.44, 161.97, 141.17, 141.09, 130.24, 130.15, 122.24, 122.21,
113.69, 113.49, 113.45, 113.28, 48.68, 28.93, 19.98, 11.56.

F NMR (377 MHz, Chloroform-d) & -111.82.

HRMS (APCI+): m/z caled for C1oHi3FS, [M]*: 216.0437, found: 216.0442.

gy
ST

1-(4-Bromophenyl)-2-(sec-butyl)disulfane (3n).

'H NMR (400 MHz, Chloroform-d) & 7.41 (s, 4H), 2.82 (q, J = 6.7 Hz, 1H), 1.69 (dt, J = 14.1, 7.0 Hz,
1H), 1.51 (dt, J=14.2, 7.2 Hz, 1H), 1.27 (d, J = 6.8 Hz, 3H), 0.95 (t, J = 7.4 Hz, 3H).

3C NMR (101 MHz, Chloroform-d) & 137.78, 131.92, 128.70, 120.28, 48.67, 28.89, 20.02, 11.59.
HRMS (APCI+): m/z caled for CoH3BrS, [M]*: 275.9637, found: 275.9637.

sl
Ly

1-(sec-Butyl)-2-(4-fluorophenyl)disulfane (30).

'"H NMR (400 MHz, Chloroform-d) & 7.59 — 7.45 (m, 2H), 7.13 — 6.93 (m, 2H), 2.92-2.74 (m, 1H), 1.74
—1.64 (m, 1H), 1.52 (dt, J=14.2, 7.2 Hz, 1H), 1.27 (d, /= 6.8 Hz, 3H), 0.93 (t, J= 7.4 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) & 163.30, 160.85, 133.69, 133.66, 130.01, 129.93, 116.17, 115.95,
48.60, 28.86,20.02, 11.54.

“F NMR (377 MHz, Chloroform-d) § -115.41.

HRMS (APCI+): m/z caled for CoHi3FS; [M]*: 216.0437, found: 216.0441.

S. J\/
Ly
FsC

1-(sec-Butyl)-2-(4-(trifluoromethyl)phenyl)disulfane (3p).

'H NMR (400 MHz, Chloroform-d) & 7.64 (d, J= 8.2 Hz, 2H), 7.55 (d, J = 8.3 Hz, 2H), 2.85 (h, J= 6.7
Hz, 1H), 1.72 (ddd, J=13.8, 7.4, 6.4 Hz, 1H), 1.54 (dt, /= 14.2, 7.2 Hz, 1H), 1.29 (d, J = 6.8 Hz, 3H),
0.98 (t,J=17.4 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) & 143.57, 128.42 (q, 'Jcr = 32.3 Hz), 126.26, 125.78 (q, *Jcr = 3.0
Hz), 124.24 (q, 'Jcr = 272.7 Hz), 48.82, 28.98, 20.02, 11.58.

F NMR (377 MHz, Chloroform-d) § -62.37.

HRMS (APCI+): m/z calced for CH3F3S, [M]7:266.0405, found: 266.0411.



e
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1-(sec-Butyl)-2-(4-methoxyphenyl)disulfane (3q).*

'H NMR (400 MHz, Chloroform-d) & 7.54 — 7.43 (m, 2H), 6.89 — 6.81 (m, 2H), 3.79 (s, 3H), 2.82 (b, J
=6.8 Hz, 1H), 1.79 — 1.64 (m, 1H), 1.51 (dt, J = 14.2, 7.2 Hz, 1H), 1.27 (d, J = 6.8 Hz, 3H), 0.92 (t, J =
7.4 Hz, 3H).

3C NMR (101 MHz, Chloroform-d) § 159.33,131.14, 129.34, 114.64, 55.51, 48.36, 28.85,20.00, 11.53.

F3C S\J\/
3 S

CF3

1-(3,5-Bis(trifluoromethyl)phenyl)-2-(sec-butyl)disulfane (3r).

'"H NMR (400 MHz, Chloroform-d) § 7.99 (s, 2H), 7.67 (s, 1H), 2.87 (h, J= 6.7 Hz, 1H), 1.69 (dq, J =
14.4,7.2 Hz, 1H), 1.56 (dt, J=14.2, 7.1 Hz, 1H), 1.31 (d, J= 6.8 Hz, 3H), 1.00 (t, /= 7.4 Hz, 3H).

3C NMR (101 MHz, Chloroform-d) § 142.55, 132.82, 132.48, 132.15, 131.82, 127.32, 126.11, 126.08,
126.04, 126.00, 124.61, 121.89, 120.07, 120.04, 120.00, 119.96, 119.92, 119.18, 49.39, 29.02, 20.22,
11.53.

YF NMR (377 MHz, Chloroform-d) & -63.14.

HRMS (APCI+): m/z caled for C12Hi2FS, [M]7:334.0279, found: 334.0283.

SN
O
Cl

1-(4-Chlorophenyl)-2-methyldisulfane (3s).

'H NMR (400 MHz, Chloroform-d) & 7.50 — 7.43 (m, 2H), 7.32 — 7.28 (m, 2H), 2.44 (s, 3H).
3C NMR (101 MHz, Chloroform-d) § 135.65, 133.04, 129.29, 129.12, 22.98.

HRMS (APCI+): m/z caled for C;H;CIS, [M]*: 189.9672, found: 189.9673.

PSS
Cl

1-(4-Chlorophenyl)-2-nonyldisulfane (3t).

'H NMR (400 MHz, Chloroform-d) § 7.51 — 7.40 (m, 2H), 7.32 — 7.25 (m, 2H), 2.71 (t, J = 7.3 Hz, 2H),
1.63 (q, /= 7.4 Hz, 2H), 1.38 — 1.33 (m, 2H), 1.28 — 1.22 (m, 10H), 0.88 (t, /= 6.7 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) § 136.47,132.71, 129.13, 128.84,39.13, 31.98, 29.56, 29.37, 29.29,
28.90, 28.56, 22.80, 14.25.

HRMS (APCI+): m/z calced for Ci5sH23CIS, [M]™: 302.0924, found: 302.0927.



S .~

1-(4-(Tert-butyl)phenyl)-2-methyldisulfane (3u).

'H NMR (400 MHz, Chloroform-d) § 7.49 — 7.43 (m, 2H), 7.39 — 7.33 (m, 2H), 2.44 (s, 3H), 1.31 (s,
9H).

3C NMR (101 MHz, Chloroform-d) § 150.57, 133.67, 128.29, 126.26, 34.68, 31.42, 23.15.

HRMS (APCI+): m/z caled for Ci1Hi6S2 [M]™: 212.0688, found: 212.0689.

jenasae!
Cl Cl

4,6-Dimethyl-2-(p-tolyldisulfanyl)pyrimidine (3v).5

1H NMR (400 MHz, Chloroform-d) & 7.51 — 7.39 (m, 4H), 7.34 — 7.26 (m, 4H), 2.77 (t, ] = 6.9 Hz, 4H),
2.05 (p, I = 6.9 Hz, 2H).

13C NMR (101 MHz, Chloroform-d) 6 135.82, 133.09, 129.28, 129.20, 36.82, 27.47.

PN
SNs7 7 ph

1-Phenyl-2-propyldisulfane (3w).6

1H NMR (400 MHz, Chloroform-d) & 7.53 (d, J = 7.7 Hz, 2H), 7.31 (t, ] = 7.5 Hz, 2H), 7.20 (t, ] = 7.2
Hz, 1H), 2.71 (t, ] = 7.3 Hz, 2H), 1.70 (p, J = 7.3 Hz, 2H), 0.96 (t, ] = 7.4 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 6 137.76, 129.03, 127.41, 126.72, 40.98, 22.29, 13.22.

S
N T

1-Butyl-2-phenyldisulfane (3x).

1H NMR (400 MHz, Chloroform-d) 6 7.61 — 7.49 (m, 2H), 7.36 — 7.28 (m, 2H), 7.25 — 7.16 (m, 1H),
2.78 —=2.71 (m, 2H), 1.69 — 1.63 (m, 2H), 1.43 — 1.36 (m, 2H), 0.88 (t, ] = 7.3 Hz, 3H).

13C NMR (101 MHz, Chloroform-d) 8 137.81, 129.06, 127.51, 126.77, 38.79, 31.00, 21.75, 13.78.
HRMS (APCI+): m/z caled for C1oH14S, [M]*: 198.0531, found: 198.0530.

S-Sy

1-Heptyl-2-phenyldisulfane (3y).

IH NMR (400 MHz, Chloroform-d) & 7.61-7.47 (m, 2H), 7.36-7.26 (m, 2H), 7.24 — 7.17 (m, 1H), 2.73
(t, J=7.3 Hz, 2H), 1.66 (p, J =7.3 Hz, 2H), 1.38 — 1.32 (m, 2H), 1.29 — 1.18 (m, 6H), 0.87 (t, J = 6.7 Hz,
3H).

I13CNMR (101 MHz, Chloroform-d) 8 137.79, 129.03, 127.45, 126.72, 39.08, 31.80, 28.97, 28 .91, 28.54,
22.72,14.22.

HRMS (APCI+): m/z calcd for Ci3H20S, [M]*: 240.1001, found: 240.1005.

)\/\S/S\Ph
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1-Isopentyl-2-phenyldisulfane (3z).

1H NMR (400 MHz, Chloroform-d) & 7.58 — 7.47 (m, 2H), 7.32 (t, = 7.6 Hz, 2H), 7.24 — 7.19 (m, 1H),
2.79 —2.69 (m, 2H), 1.66 (dt, J = 13.2, 6.6 Hz, 1H), 1.58 — 1.53 (m, 2H), 0.87 (d, J = 6.6 Hz, 6H).

13C NMR (101 MHz, Chloroform-d) 6 137.78, 129.06, 127.57, 126.79, 37.90, 37.15, 27.26, 22.40.
HRMS (APCI+): m/z caled for C11Hi6S2 [M]*: 212.0688, found: 212.0686.

O\ _S<

S Ph

1-Cyclopentyl-2-phenyldisulfane (3aa).

1H NMR (400 MHz, Chloroform-d) & 7.54 (d, J = 7.7 Hz, 2H), 7.31 (t, J = 7.7 Hz, 2H), 7.20 (t, ] = 7.4
Hz, 1H), 3.33 (h, ] = 5.3, 4.4 Hz, 1H), 1.94 (dq, ] = 12.3, 7.0, 6.5 Hz, 2H), 1.71 (ddd, T =21.5, 11.0, 5.6
Hz, 4H), 1.57 (d, ] = 6.7 Hz, 2H).

13C NMR (101 MHz, Chloroform-d) 6 138.15, 128.98, 127.22, 126.59, 50.39, 32.88, 24.83.

HRMS (APCI+): m/z caled for C11Hi6S, [M]*: 210.0531, found: 210.0529.

O\S/S\Ph

1-Cyclohexyl-2-phenyldisulfane (3ab).”

1H NMR (400 MHz, Chloroform-d) & 7.53 (d, J = 7.6 Hz, 2H), 7.30 (t, J = 7.6 Hz, 2H), 7.19 (t, I = 7.3
Hz, 1H), 2.80 (tt, J = 10.9, 3.7 Hz, 1H), 2.01 (d, J = 10.3 Hz, 2H), 1.79-1.72 (m, 2H), 1.63 — 1.57 (m,
1H), 1.39 — 1.21 (m, 5H).

13C NMR (101 MHz, Chloroform-d) 6 138.56, 128.93, 126.88, 126.40, 49.95, 32.74, 26.14, 25.70.

1-(4-Bromophenyl)-2-(p-tolyl)disulfane (3ac).?

'H NMR (400 MHz, Chloroform-d) § 7.42 — 7.39 (m, 2H), 7.38 — 7.33 (m, 4H), 7.11 (d, J = 8.0 Hz, 2H),
2.32 (s, 3H).

3C NMR (101 MHz, Chloroform-d) § 138.04, 136.69, 133.23, 132.18, 130.07, 129.44, 128.80, 121.23,
21.22.

1-(4-Chlorophenyl)-2-(p-tolyl)disulfane (3ad).t

!H NMR (400 MHz, Chloroform-d) & 7.46 — 7.39 (m, 2H), 7.35 (d, J = 8.2 Hz, 2H), 7.28 — 7.23 (m, 2H),
7.10 (d, J = 7.9 Hz, 2H), 2.31 (s, 3H).

13C NMR (101 MHz, Chloroform-d) § 138.00, 135.99, 133.30, 133.26, 130.05, 129.28, 129.26, 128.79,
21.22.
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4-((4-Chlorophenyl)disulfanyl)benzonitrile (3ae).

'H NMR (400 MHz, Chloroform-d) § 7.57 (s, 4H), 7.44 —7.35 (m, 2H), 7.31 — 7.24 (m, 2H).

13C NMR (101 MHz, Chloroform-d) & 143.29, 134.12, 134.05, 132.67, 129.55, 129.17, 126.56, 118.46,
110.44.

HRMS (APCI+): m/z caled for C13HsCINS, [M]": 276.9781, found: 276.9779.

B
7 _S
QL

4,6-Dimethyl-2-(p-tolyldisulfanyl)pyrimidine (3af).
'"H NMR (400 MHz, Chloroform-d) & 7.59 — 7.51 (m, 2H), 7.12 — 7.06 (m, 2H), 6.79 (s, 1H), 2.45 (s,
6H), 2.31 (s, 3H).
13C NMR (101 MHz, Chloroform-d) § 169.95, 167.96, 138.26, 133.60, 130.68, 129.74, 117.38, 24.04,
21.28.

HRMS (APCI+): m/z caled for C13HS, [M]*: 240.1001, found: 240.1005.

/\/\S/S\©\
B

1-(4-Bromophenyl)-2-butyldisulfane (3ag).

'H NMR (400 MHz, Chloroform-d) § 7.47 —7.35 (m, 4H), 2.72 (t, J = 7.4 Hz, 2H), 1.63 (p, J = 7.3 Hz,
2H), 1.38 (h, J=7.3 Hz, 2H), 0.88 (t, /= 7.3 Hz, 3H).

3C NMR (101 MHz, Chloroform-d) & 137.09, 132.02, 128.93, 120.52, 38.73, 30.96, 21.71, 13.75.
HRMS (APCI+): m/z caled for CoH3BrS; [M]*: 275.9637, found: 275.9638.

/\/\S/S\©\/ﬁ\ E
OWF

FF gl
2,2,3,4,4,4-Hexafluorobutyl 2-(4-(butyldisulfanyl)phenyl)acetate (3ah).
'H NMR (400 MHz, Chloroform-d) & 7.58 — 7.48 (m, 2H), 7.26 — 7.19 (m, 2H), 4.78 (dddt, J = 43.6,
14.7, 11.6, 5.8 Hz, 1H), 4.56 —4.40 (m, 2H), 3.70 (s, 2H), 2.79 — 2.66 (m, 2H), 1.69 — 1.60 (m, 2H), 1.39
(h, J=17.3 Hz, 2H), 0.89 (t, J= 7.3 Hz, 3H).
3C NMR (101 MHz, Chloroform-d) 6 169.76, 137.40, 131.30, 129.91, 127.75, 40.29, 38.73, 30.99, 21.74,
13.75.
1F NMR (377 MHz, Chloroform-d) & -73.88 —-74.30 (m), -115.08 (dqd, J=279.4,9.5, 7.2 Hz), -119.82
(ddq, J=279.8, 12.2, 10.2 Hz), -212.64 (qd, J = 11.5, 7.2 Hz).
HRMS (APCI+): m/z calcd for C16HisF60,2S: [M]*: 420.0647, found: 420.0649.

r
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L
S/S\Ph

1-(4-Chlorophenyl)-2-phenyldisulfane (3ai).

'H NMR (400 MHz, Chloroform-d) & 7.51 — 7.45 (m, 2H), 7.45 — 7.39 (m, 2H), 7.33 — 7.24 (m, 5H).
13C NMR (101 MHz, Chloroform-d) 8 136.68, 135.74, 133.41, 129.33, 129.30, 129.15, 127.90, 127.59.
HRMS (APCI+): m/z caled for C12HoCIS; [M]*: 251.9829, found: 251.9832.

/@/\st\
Cl

1-(4-Chlorobenzyl)-2-methyldisulfane (3aj).

'"H NMR (400 MHz, Chloroform-d) § 7.33 — 7.23 (m, 4H), 3.85 (s, 2H), 2.13 (s, 3H).
13C NMR (101 MHz, Chloroform-d) & 136.29, 133.41, 130.74, 128.79, 42.25, 23.19.
HRMS (APCI+): m/z caled for CsHoCIS, [M]*: 203.9829, found: 203.9832.

ph S g

1-Methyl-2-phenethyldisulfane (3ak).

'"H NMR (400 MHz, Chloroform-d) & 7.34 — 7.27 (m, 2H), 7.26 — 7.19 (m, 3H), 3.04 — 2.92 (m, 4H),
2.42 (s, 3H).

3C NMR (101 MHz, Chloroform-d) & 140.20, 128.74, 128.64, 126.53, 39.51, 35.86, 23.44.

HRMS (APCI+): m/z caled for CoH12S; [M]*: 184.0375, found: 184.0373.

_0 S\S/
T

Methyl 3-(methyldisulfanyl)propanoate (3al).

'H NMR (400 MHz, Chloroform-d) & 3.71 (s, 3H), 2.95 (t, J= 7.2 Hz, 2H), 2.77 (t, J = 7.2 Hz, 2H), 2.41
(s, 3H).

3BC NMR (101 MHz, Chloroform-d) & 172.36, 51.97, 34.07, 32.48, 23.27.

HRMS (APCI+): m/z caled for CsH;002S, [M]*: 166.0117, found: 166.0115.

_Ac
HN

/O\H)\/S\S/

@)
Methyl N-acetyl-S-(methylthio)-L-cysteinate (3am).
'H NMR (400 MHz, Chloroform-d) & 6.48 (d, J = 7.6 Hz, 1H), 4.92 (dt, J=7.7, 5.1 Hz, 1H), 3.78 (s,
3H), 3.29 — 3.09 (m, 2H), 2.42 (s, 3H), 2.07 (s, 3H).
BC NMR (101 MHz, Chloroform-d) & 171.17, 170.02, 52.79, 51.77, 39.54, 23.22, 23.11.
HRMS (APCI+): m/z caled for C;H3NO3S, [M]*: 223.0331, found: 223.03238.

\/\/\/\S/S\
1-Heptyl-2-methyldisulfane (3an).®

13



'H NMR (400 MHz, Chloroform-d) & 2.71 (t, J = 2.0 Hz, 2H), 2.41 (s, 3H), 1.69 (p, J = 7.3 Hz, 2H),
1.42 - 1.35 (m, 2H), 1.33 — 1.26 (m, 6H), 0.89 (t, J = 6.7 Hz, 3H).
13C NMR (101 MHz, Chloroform-d) § 38.51, 31.86, 29.36, 29.07, 28.63, 23.52, 22.76, 14.23.

SN g S

1-Ethyl-2-heptyldisulfane (3ao).

'"H NMR (400 MHz, Chloroform-d) & 2.70 (q, J = 7.5 Hz, 4H), 1.67 (p, J = 7.3 Hz, 2H), 1.32 (td, J =
13.8, 10.8, 6.3 Hz, 11H), 0.92 — 0.84 (m, 3H).

13C NMR (101 MHz, Chloroform-d) & 39.45, 32.95, 31.86, 29.40, 29.05, 28.64, 22.75, 14.61, 14.23.
HRMS (APCI+): m/z caled for CoHzoS> [M]*: 192.1001, found: 192.1002.

14



3) General reaction for the synthesis of disulfides

C(+)IPt(-)

;
Arsg-S_R

ArsH + R{_S._R?
Typical procedure for substrate scope with unsymmetrical alkyl thioethers: A mixture of thiol (0.6
mmol), thioether (3 equiv.), CH3COOH (1.8 equiv.), "BusNPFs (20 mol%), CH3;CN/DMF/CH3;0OH
(10/2/1, 13 mL), in an undivided cell at air atmosphere with carbon electrode anode, Pt plate cathode,
was electrolyzed at constant current of 25 mA for 12 h at 37 °C. Then, the system was concentrated under
reduced pressure. The resulting crude product was separated on a silica gel column with petroleum ether

and ethyl acetate as eluent to afford the desired product.

C(+)IPt(-)
ArSH + RVS\/R > Ar/S\S/\R

Typical procedure for substrate scope with symmetrical alkyl thioethers: A mixture of thiol (0.6
mmol), thioether (3 equiv.), CH3COOH (1.8 equiv.), "BusNPFs (20 mol%), CH3;CN/DMF/CH30H
(10/2/1, 13 mL), in an undivided cell at air atmosphere with carbon electrode anode, Pt plate cathode,
was electrolyzed at constant current of 25 mA for 12 h at 37 °C. Then, the system was concentrated under
reduced pressure. The resulting crude product was separated on a silica gel column with petroleum ether

and ethyl acetate as eluent to afford the desired product.

C (+) INi(-) R S

S. S.
T AT Me s” >Ar

R "H

Typical procedure for substrate scope with aryl methyl thioethers: A mixture of thiol (0.6 mmol),
thioether (3 equiv.), CH3COOH (1.8 equiv.), "BusNPFs (20 mol%), CH;CN/DMF/CH3OH (10/2/1, 13
mL), in an undivided cell at air atmosphere with carbon electrode anode, nickel plate cathode, was
electrolyzed at constant current of 25 mA for 12 h at 37 °C. Then, the system was concentrated under
reduced pressure. The resulting crude product was separated on a silica gel column with petroleum ether

and ethyl acetate as eluent to afford the desired product.

SH |
/©/ + SR C ) IPLE) c \@\
Ph™ >~ s
Cl S”7 Ph

2a 3af

Typical procedure for investigation of different kinds of C-S bonds: A mixture of thiol (2a, 0.6 mmol),
thioether (3 equiv.), CH3COOH (1.8 equiv.), "BusNPFs (20 mol%), CH3;CN/CH3OH (10/1, 11 mL), in an
undivided cell at air atmosphere with carbon electrode anode, Pt plate cathode, was electrolyzed at
constant current of 25 mA for 12 h at 60 °C. Then, the system was concentrated under reduced pressure.
The resulting crude product was separated on a silica gel column with petroleum ether and ethyl acetate

as eluent to afford the desired product.

S O C > Alkyl<. __S
Alkyl—SH + O~ \”/ > Y\S ~

O

1b
15



Typical procedure for construction of unsymmetrical alkyl sulfides: A mixture of thiol (0.6 mmol),
(methylthio)methyl acetate (1b, 3 equiv.), CH3COOH (1.8 equiv.), "BuNPFs (20 mol%),
CH3CN/CH30OH (10/0.1, 10.1 mL), in an undivided cell at air atmosphere with carbon electrode anode,
nickel plate cathode, was electrolyzed at constant current of 15 mA for 8 h at 60 °C. Then, the system
was concentrated under reduced pressure. The resulting crude product was separated on a silica gel
column with petroleum ether and ethyl acetate as eluent to afford the desired product.

Note:

These thiols were not compatible with this protocol.

SH standard conditions S J\/
IGANNSS IO
+
R

1a R

oy iog g
~o H,N O,N
n.d.

2

n.d. n.d.
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4) Radical trapping experiment

SH i S

s standard conditions ~ Jv SN

/\r ~ + /©/ + TEMPO @ ————— > S + /©/ o
cl cl cl

1a, 3 equiv. 2a, 0.6 mmol 2 equiv. 3f, no detected 3ap, isolated yield: 29%
[M+H]*: 300.1183
found: 300.1180

Typical procedure using TEMPO as capture reagent: A mixture of thiol (2a, 0.6 mmol), thioether (1a,
3 equiv.), TEMPO (2,2,6,6-tetramethylpiperidine-1-oxyl, 1.2 mmol), CH3COOH (1.8 equiv.), "BusNPFg
(20 mol%), CH3CN/DMF/CH30H (10/2/1, 13 mL), in an undivided cell at air atmosphere with carbon
electrode anode, Pt plate cathode, was electrolyzed at constant current of 25 mA for 12 h at 37 °C. Then,
the system was detected by HRMS. '

'H NMR (400 MHz, Chloroform-d) 8 7.59 (d, J = 8.6 Hz, 2H), 7.40 (d, J = 8.6 Hz, 2H), 1.72 — 1.33 (m,
15H), 0.89 (s, 3H).

13C NMR (101 MHz, Chloroform-d) & 149.02, 135.76, 128.81, 127.55, 61.57, 59.08, 43.55, 41.44, 35.47,
32.82, 28.83, 28.01, 17.32.

HRMS (APCI+): m/z caled for CsH23CINOS [M+H]": 300.1183, found: 300.1180.

-

£.00 ¢

in P00 x =

55 45 35 25
1 (ppm)

o]
in

10.5 9.5 8.5

N

—149.02
13576

128.81
<127v55

|| ‘ " um&i

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10
f1 (ppm)

Figure S2. H' and C'> NMR data of the compound 3ap.
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5) F* NMR experiments

Typical procedure for F'° NMR experiments: A mixture of p-fluorothiophenol (0.6 mmol), thioether
(1a, 3 equiv.), CH3COOH (1.8 equiv.), "BusNPFs (20 mol%), CH;:CN/DMF/CH3OH (10/2/1, 13 mL), in
an undivided cell at air atmosphere with carbon electrode anode, Pt plate cathode, was electrolyzed at

constant current of 25 mA at 37 °C for different time. Then, the system was detected by F'° NMR.

s SH  standard conditions
/ﬁ/ ~ i - @ @ .
E Reaction time E 30

Reaction time
) J 12h

‘ 2h

"Bu,NPFg —>
0h

10 -10 -30 -50 -70 -90 -110 130 -150 -170  -190  -210
f1 (ppm)

Reaction time
){ 12h

4h

v 2h

y|
/©/SH
F J 0h

1115 -112.5 -113.5 -114.5 -115.5 -116.5 -117.5 -118.5 -119.5 -120
f1 (ppm)

Figure S3. F!° NMR experiments.
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6) Intermediate experiments

ar
SN
Conditions S
S\S + S — /©/
Cl
Cl

2aa 1c 3p, 40%
Typical procedure for intermediate experiments: A mixture of 1,2-bis(4-chlorophenyl)disulfane (2aa,
0.3 mmol), dimethyl sulfide (1c¢, 1.8 mmol), CH;COOH (1.08 mmol), "BusNPFs (0.12 mmol),
CH;CN/DMF/CH30H (10/2/1, 13 mL), in an undivided cell at air atmosphere with carbon electrode
anode, Pt plate cathode, was electrolyzed at constant current of 25 mA for 12 h at 37 °C. Then, the system
was concentrated under reduced pressure. The resulting crude product was separated on a silica gel

column with petroleum ether and ethyl acetate as eluent to afford the desired product.

SH C (+)IPt(-),25mA, 6 h S

-
/@ + /Svom/ "BuyNBF4 (20 mol%) /@/ ~g
Cl o} CH3CN/DMF/CH30H cl

2a 1b 3s, 45%

Typical procedure for intermediate experiments: A mixture of 4-chlorobenzenethiol (2a, 0.6 mmol),
(methylthio)methyl acetate (1b, 3 equiv.), CH3COOH (1.8 equiv.), "BusNPFs (20 mol%),
CH3;CN/DMF/CH30H (10/2/1, 13 mL), in an undivided cell at air atmosphere with carbon electrode
anode, Pt plate cathode, was electrolyzed at constant current of 25 mA for 6 h at 37 °C. Then, the system
was concentrated under reduced pressure. The resulting crude product was separated on a silica gel

column with petroleum ether and ethyl acetate as eluent to afford the desired product.
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7) Control experiment

C(+)IPt(-), 25mA, 8 h
"Bu,NPFg (20 mol%)

SH : S ~
CH3COOH (1.8 equiv. g™ 0

+ Ph/\s/\Ph 3 ( quiv.) S Ph 4 )\

o CHsCN/DMF/CH;0H Ph” Y0~

2a 1d

3d, H' NMR yield:35% 1e, H' NMR yield: 44%
and detected by GC-MS  and detected by GC-MS

Typical procedure for control experiments: A mixture of 4-chlorobenzenethiol (2a, 0.6 mmol),
dibenzylsulfane (1d, 3 equiv.), CH3COOH (1.8 equiv.), "BusNPFs (20 mol%), CH3;CN/DMF/CH3;0OH
(10/2/1, 13 mL), in an undivided cell at air atmosphere with carbon electrode anode, Pt plate cathode,
was electrolyzed at constant current of 25 mA for 8 h at 37 °C. Then, the system was concentrated under
reduced pressure and using GC-MS to detect the system. In addition, the yields of 3d and le were

detected by the NMR. (Note: compound 1e is easily decomposed)
s

] ™~ S
Lo o)
n] A

Vs
PN O S5 pn
-—
050 Cl
SO

T T
mo  mo

0 00, oo

Scheme S2. GC-MS spectra of the available commercial benzaldehyd-dimethylacetal (CAS:1125-88-8).
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Scheme S3. H' NMR spectra of the reaction with CH,Br» (50 mg) as internal standard (H' NMR yield
of 1e: 44%)
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Bt
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HaCo ~s
3%~g Ph (@]
_CHj
Ph/{\o
H
I ]
<% 4 4
8 3 S
o — o
10.5 9.5 8.5 75 6.5 55 4.5 3.5 2.5 1.5 0.5 -
f1 (ppm)

Scheme S4. H' NMR spectra of available commercial benzaldehyd-dimethylacetal (CAS:1125-88-8).
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8) Cyclic voltammograms experiments

sec-Butyl methyl sulfide (1a)
—— 4-Chlorothiophenol (2a)
Bis(4-chlorophenyl) disulfide (2aa)
—— Reaction system

Background

Product (3f)

—— Background
—— Bis(4-chlorophenyl) disulfide (2aa)

—— Product (3f)

00 05 10 15 20 25 30 25 20 15 -0 05 00

Potential/V (vs Ag/AgCl) Potential/V (vs Ag/AgCl)

Figure S4. General procedure for cyclic voltammetry (CV): Cyclic voltammetry was performed in a
three-electrode cell connected to a Schlenk line under air at room temperature. The working electrode
was a glassy carbon electrode, the counter electrode a platinum wire. The reference was an Ag/AgCl
electrode submerged in saturated aqueous KCI solution, and separated from reaction by a salt bridge.
Related compounds (0.1 mmol) in "BusNPFs (1 mmol) in CH;CN/DMF/CH3;0H (10/2/1, 13 mL) were
poured into the electrochemical cell in all experiments. The scan rate is 0.05 V/s, ranging from 0 V to 2

V and -3 V to 0V, respectively. The peak potentials vs. Ag/ AgCl was used.
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9) Determination of hydrogen
"Bu,NPFg (20 mol%)
s, SH CH3COOH (1.8 equiv.) S“s)\/
/ﬁ/ ol CH3CN/CH3OH/DMF (10/1/2 mL)
C(+) | P-), 25 mA, air, 12 h cl
1a 2a 3f

Typical procedure for determination of hydrogen: A mixture of 4-chlorothiophenol (2a, 0.6 mmol),
sec-butyl methyl thioether (1a, 3 equiv.), CH;COOH (1.8 equiv.), "BusNPFs (20 mol%),
CH3;CN/DMF/CH30H (10/2/1, 13 mL), in an undivided cell at air atmosphere with carbon electrode
anode, Pt plate cathode, was electrolyzed at constant current of 25 mA for 12 h at 37 °C. Then, using the

GC machine to detect the gas atmosphere, and hydrogen was detected (shown below).

100

300 / Hz

200 4

idensity / mV

S
1

0 2 4 6 B 10 12
time / min

Figure S5. Determination of hydrogen

23



References

1. Wang, H.; He, M.; Li, Y.; Zhang, H.; Yang, D.; Nagasaka, M.; Lv, Z.; Guan, Z.; Cao, Y.; Gong,
F.; Zhou, Z.; Zhu, J.; Samanta, S.; Chowdhury, Lei, A. J. Am. Chem. Soc. 2021, 143, 3628-3637.
2. Tanaka, K.; Chen, X.; Kimura, T.; Yoneda, F. Oxidation of thiol by 5-arylidene 1,3-

dimethylbarbituric acid and its application to synthesis of unsymmetrical disulfide. Tetrahedron
Letters, 1987, 28, 4173-4176.

3. Vandavasi, J. K.; Hu, W.-P,; Chen, C.-Y.; Wang, J.-J. Efficient synthesis of unsymmetrical
disulfides. Tetrahedron, 2011, 67, 8895-8901.

4. Soleiman-Beigi, M.; Arzehgar, Z. A Novel Method for the Direct Synthesis of Symmetrical and
Unsymmetrical Sulfides and Disulfides from Aryl Halides and Ethyl Potassium Xanthogenate.
Synlett 2018, 29, 986-992.

5. Kundu, S.; Roy, B.; Basu, B. Silica: An efficient catalyst for one-pot regioselective synthesis of
dithioethers. Beilstein J. Org. Chem. 2014, 10, 26-33.

6. Do, Q. T.; Elothmani, D.; Guillanton, G. L.; Simonet, J. A new electrochemical method of
preparation of unsymmetrical disulfides. Tetrahedron Letters, 1997, 38, 3383-3384.

7. Zou, J.; Chen, J.; Shi, T.; Hou, Y.; Cao, F.; Wang, Y.; Wang, X.; Jia, Z.; Zhao, Q.; Wang, Z.
Phthalimide-Carried Disulfur Transfer To Synthesize Unsymmetrical Disulfanes via Copper
Catalysis. ACS Catal. 2019, 9, 11426-11430.

8. Taniguchi, N. Unsymmetrical disulfide and sulfenamide synthesis via reactions of thiosulfonates
with thiols or amines. Tetrahedron, 2017, 73, 2030-2035.

9. Zwanenburg, B.; Kielbasinski,P. Preparation of unsymmetrical disulfides by using sulfines.
Tetrahedron, 1979, 35, 169-173.

10. Huang, X.; Wang, J.; Ni, Z.; Wang, S.; Pan, Y. Synthesis of a,a-Disulfenylated Aldehydes via
Oxidative Transformation of Tertiary Amines. Org. Lett. 2015, 17, 5488-5491.

24



6C'1
6C'1
o€l
1€l
el
€e'l
LT
cL'c
€L'C
vL'C
SL'T
9L'C
LLT
8L°C

S
3a

Cl

1°¢

F00'C

=L1°C
586°1

-0.

0.5

6TVl —

1.5

98°CE —

25

3.5

¥8°9L
oﬁ.hbw
8Y'LL

4.5

5.5

8'8TI
LreTi=
sLzer
PP gl

\n

9.5 8.5 7

10.5

3a

Cl

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

25



LLTL
08C'L
86C°L
10€°L
vSyL
LSY'L
SLY'L
8LY'L

———

3b

Cl

Toze
20T
/£0T

F00'C

200'C
%o0'c

10.5 9.5 8.5 7.5 6.5 55 4.5 3.5 2.5 1.5 0.5 -0.
f1 (ppm)

11.5

LLET
eriec’
86°0€
LLsey

¥8°9L
oOT'LL W
8Y'LL

€8'8T1
91671~
s,
€rocl

3b

Cl

-10

0

f1 (ppm)

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

26



000°0 —
£98°0

_ww.oW
L68°0

SETT
0ST'1
65T 1
et |
61¢1 ]
LEET
95¢°1
e
909'T
ST9°1 |
€91 |
8v9°1
799°1
699'1
089'1
889°1
€0LT
12LT
6€L°C

SLTL
08C'L
16TL
96C'L
€0€°L
ovv’L
€SY'L
8SY'L
6oL
VLY'L
18¥°L

R

S
3c

Cl

= 60
JS091
=607
=Z1'g

=007

= S6'1

~ze T

10.5 9.5 8.5 7.5 6.5 55 4.5 3.5 2.5 1.5 0.5 -0.
f1 (ppm)

11.5

ocvI
$8°CC
LS'8T
06'8¢C
0€°6C
0s°6C
19°6C
cL6tT
8L°6C
6L°6C
LO'CE
crec

ww@b/

V_.P\I\\

8Y'LL

$8°8T1
91621~
(VESARA
I

S

3c

Cl

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

27



00°0-—

e~

0T'L
1T°LA
TTLY
TL
€TL
YT LA
YT LA
STL
STL
9z°L]
LT
0L
1€°L ]
L
!

\S/\Ph

3d

Cl

e

-0.

0.5

1.5

IS¢y —

25

3.5

4.5

5.5

YLLTT
69°8C1
90°621
Cerect
6v'6C1 \
S EE
LLsen \
85'9€T

8.5

9.5

10.5

\S/\Ph

S

W

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

3d

Cl

-10

28



0’1
a4l
YTl
ST
ST
LT
8T T
8T'1 ]
0€'1
1€l
€e1 ]
€€l
PET ]
9¢T 1
LET]
6€1
951
LS
85I
8S'I
651
09'1
19°1
Ll
€Ll
€Ll
YLT
SLT
9L'1
LLT
96'1
L61
661
00T
00T
9LT
LLT
8LC
6L°C
18T
sTL
LTL

Sv'L
LY'L

3e

Cl

L

I8T'S
#9T'1
1T
00T

oot

=0T
*00'C

-0.

0.5

1.5

9°ST~
ooz’
oLze”

25

LO°0S —

3.5

4.5

5.5

061821
66'8T1 ~
sTeel
TTLEl

n

9.5 8.5 7

10.5

3e

Cl

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

29



0000
omm.o/
8560
L96°0
YT’ 1
18T'1
Yop'1
4T W
00S°1
LIS'T \W
SEST
€591
859°1
199°1
LLO'T 1 W
089'T 1
969°1 ]
8691 ]
TILT
YILT
0€L’T
€EL'T
08L'C
96L°C
€I8°C
0€8°C
L¥8'T
$98°C
19CL
99TL
LLT'L
8TL
68CT'L

-
|

19%°L
9L
LLY'L
€8Y°L
68Y'L

3f

Cl

Ile
SCI'E
700’1
E80'L

=€1'C
0T

9.5 8.5 7.5 6.5 55 4.5 3.5 2.5 1.5 0.5 -0.
f1 (ppm)

10.5

8SI1
£€0°0C —
16'8T

0L'8V —

¥8°9L
oﬁ.hbw
8Y'LL

6581
90'671 ~
spzer
€ILET

3f

Cl

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

30



08°0
780
€8°0
SE'T
91
LET
8€'T
o1
ov'1
I+
Ak
Wl
A%
ST ﬁ
€511
vS1 ]
ss1 ﬁ
9s'1

9s°1
9s°1
LS'T
8S'1
8S'1
181
8’1
#8°1
98°1
16'C
6T
89°¢

69°€
L€
L€
€L€
SL€
9T'L 1
LTL
Lz L
ST'L
6TL
LYL
LYL
8p'L
6t'L

OH

39

Cl

¥00'C
00T

6.5 6.0 55 5.0 45 40 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0

10.510.0 9.5 9.0 85 8.0 7.5

L8El —
LO0T —

LE9EN
sLog’

8¢'6v —

OH

W

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

39

Cl

-10

31



00°0-
18°0
€8°0
¥8°0
8¢
8¢°1
i
or'1
(a4
ST
€514
$S1 ]
SS'1
9S°T |
9°1 1
LS'T]
LS
Ls1]
€9'1
€9°1
€9'1
88°1
061
16'1
€61
81
Is'C
ST
vsT
LT
€LC
SLT
08'C
8T
78T
€8'C
ay
vy
9y
9L ]
LTL]
8zL ]
sz ]
6T'L
9L
L¥L
8L

6L

3h

Cl

E0'1

k0T

=10'C
*00°C

-(

8.5 7.5 6.5 55 4.5 3.5 2.5 1.5 0.5
f1 (ppm)

9.5

10.5

$8°ET
L0'0T
66°LT

00°0€

ow.NmM
11°9g ~
10'8¢ 7

€Tor —
91'C9 —
¥8°9L /

OU'LLT
8Y'LL \

16l
8€'621 >
1672€1 w
pLOET

ELTLT —

89°90C —

3h

Cl

-10

0

10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

f1 (ppm)

32



€L°0
vL0
SLO
9,0
9.0
LLO
88°0
68°0
0€'1
i
A%
o
LY'T ]
61 1
081 1
81
b81
68T
1T
T
£v°C
e
9°¢ ]
$9°¢ ]
b€ 1
60 ]
It
€1y
Y0°L A\
S0
90°L
LOL
€1°L
pIL
SI'L]
91°L
€TL]
vzL]
sTL
9T'L
WL
WL
PhL
vhL

e ——

—

————n—

——————

200°€

3i

Cl

819
ez
o

¥LO'€
=60'C
5ot
01

-= kot

20T
= Wbo.m
_ H/oﬁ.m
0C

0. SL vl

YLLET
6€°81 1
9%'81 1
66761 Y
0S°TT
LT0E
98'Z¢ |
T6°S€
96°S€ Y
or'sy

f.mv/
$0°6v

90°6%

0.5

1.5

——

25

¥6°19
+0°C9 v
¥8°9L
oﬁ.hhw
8Y'LL

3.5

4.5

0

GLTLTI
61°LT1
S0°6T1

017621

Lop6cl
18°7E1 -~
pLOET

IR

Sprren
SLILET
19°0%1

\n

@
65 VLT —

9.5

10.5

3i

Cl

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

33



61—

YL
STL
9T'L
9T'L
LTL
6TL7
LY'L
StL
0S'L
0S°L
SL

S\S)<

3]

Cl

Fooe

ooz
ooz

-0.

0.5

1.5

¥6'6C —

2.5

65°6v —

3.5

¥8°9L
o_.hhw
8Y'LL

4.5

5.5

61°8T1
v6'821 7
61°CEl
85 LET

9.5 8.5 7

10.5

S\)<
S

3j

Cl

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

34



000 —

ST T\
oc1”

[4{VR3

vo‘m/
mo.m\
ho.m\

60°¢

STL
9CT’L
LTL
8CT'L
8CT'L
6C'L
SY'L
L
'L
LY'L
8Y'L
6v'L

Cl

=009

oot

=€l'C
00T

-0.

0.5

1.5

ST —

S8y —

25

3.5

¥8°9L
oﬁ.hhw
8Y'LL

4.5

5.5

5 .

/o.NmAwm_ /
80°6T1 ~
0S'ZET w
LO'LET

\n

©~

8.5

9.5

10.5

Cl

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

35



€60
$6°01
L6707
LT1 2
6C'1 1
AR
6¥1 1
051X
w1
pS1 %
SS'1
891
691 1
L1 *

————

—

€L'1
SL'1 |
vET
08°C
8T
€8T
$8°C!

669
10°L
LT°L

6l°L

1TL7
€CL
YEL

SEL

3l

*€0'¢
ZS00°¢
2¢Ol
EI1

o€

n g

—J 001
——= =00’

- oz

-0.

0.5

8S 11—
10°0C
1s'1¢”
68'8C ~

1.5

25

St 8v —

3.5

4.5

5.5

wm.wﬁ/

NEYLTI

6Esﬁw
8L°8T1
ﬁ.wﬁw

VL 8€ET

©~

8.5

9.5

10.5

SN
S

3l

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

-10

36



¥6°0
96°0
860
LT'1
6Tl

IS°1
€51
SS'l
951 7
L9
691
69'1
L1
€Ll
18°C
€8°C
¥8'C
98'C
9891
9891
9891
L8°9 ]
889 1
€TLY
STLA
STLA
STLA
STLA
STLA
9T LA
9T'L
9z'L]
6TL]
6TL
6T L1
6TL 1
0€°L]
ocL]
€L
€L
€L
zeL
€L
zeL

=00°¢
#00°€
vel'l
2901

Foo'1

oot
He6'T

-0.

0.5

911
86'61 —
€6'8T\

1.5

2.5

89'81 —

3.5

¥8°9L
o_.hhw
8Y'LL

4.5

8TEIT
BSYETT
wGorElT
69°€11
122l
Tl
&ﬁ.oﬁv
$T0€l
60111
YAREA! 7
©~

L6 I9T ~
T iy e
oo.._uv 791

9.5

10.5

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

37



¢8IIT-—

-10 -30 -50 =70 -90 -110 -130 -150 -170 -190 -210

10

00°0-—

£€6°0
S6°0
96°0

9Tl /
L1
Sl \W
6+1
1S
€51
Ss'1
o1
¥9°1 1
991
£9°1]
691
L1
€L
6L
18°C1
78T
¥8'T

wL—

3n

Br

H0'¢
#70°€
7001
801

oot

ooy

9.5 8.5 7.5 6.5 5.5 4.5 3.5 25 1.5 0.5 -0.

10.5

38



6511
T0°0T —
68'8T

L9'8Y —

8 9L
o_.hhw
8Y'LL

8C0CI —
0L'8CI
co'1eEl —
8LLET ~

S<
S

3n

Br

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

-10

00°0-
_m.o/
£6°0
S6°0
9Tl
8T'1
8¥'1
05T
IS
€517
ST
LS
191 4
¥9'1
991 1
997 1
891 ]
891 ]
oL
L1
L1
Tl
€Ll
L1
SL
8LC
08'C
18°C
€8°C
S8'C
869
66'9
00°L "
00°L
10°L ]
10°L
0L
0L 1
€0°L ]
+0°L |
6t'L]
0s°L |
15 ]
IS°L
1S°L
SL
€SL
vSL

—

—

30

)

F00°¢
v10°€
v10'1
o'l

Foo'1

tooz
Fooc

9.5 8.5 7.5 6.5 4.5 3.5 2.5 1.5 0.5
f1 (ppm)

10.5

39



= QO = >0
A 0 %o — o 0 © T =3 © ot
=y GmS SN N o ® SN
O O nonen o o— = o~ >~ O o0 [ =
— — o~~~ <t N -
N —~ N ~— I — N
S\S)\/
F 30
W

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O -10

f1 (ppm)
S
bS]
i

S\S)\/
F 3o
Lo
10 -10 -30 -50 =70 -90 -110 -130 -150 -170 -190 -210
f1 (ppm)

40



96°0 1
8670 1
00°1 1
8T'1 1
0€'1
STy
€571
PSIA
9G° T A
96°1 7
81/
891 ]
89°1
oL'T
oLl _W
LT
€L1]
vL]
SLT
18°C 1
8T
¥8T]
98°7 ]
88°C
68°C

——

9T'L
vS'L /
9S’L
€9'LT
So'L \

3p

F3;C

—=a

90°¢
200°€
vEl'l
01

oot

6’1
0'C

9.5 8.5 7.5 6.5 55 4.5 3.5 2.5 1.5 0.5 -0.
f1 (ppm)

10.5

8S11

20°0C —
86'8¢C \

8’8 —

¥8°9L
o_.bh/

8Y'LLT

61°021 1
68'TTI
65°STI
TLSTI
9L°STI
6L°STI 7
€8°5T1 Y
97921 Y
€6°LTI

!

9T'8CI

W

86'8CI1 \

06°8C1

LS EV] —

3p

FsC

-10

0

10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20

f1 (ppm)

41



LET9—

SN
S
3p

FsC

-10 -30 -50 =70 -90 -110 -130 -150 -170 -190 -210

10

Lvo v
026°0 |
8€6°0 |
9921
€8T°1 1
9Ly T
Y611 1
11S°T A
6TS°T
LbST =
591 7]
0L9°T
€L9°T
889'1
1691 1
LOL'T ]
€TLT
9zL1]
WLl
ShLT ;
SLLT
6Lt
~608°C |
£ 9z8C
28T
“seLe!
9789
¥€8°9
6€8°9
1589
958°9
£98°9

—— —n I

wOvL
89%°L
6LY'L
V8L
corL

S<
S

3q

U

koot

=00°¢

F00'C

Fooc

9.5 8.5 7.5 6.5 5.5 4.5 3.5 2.5 1.5 0.5 -0.

10.5

f1 (ppm)

42



€511
00°0C —
mw.ww/

9¢'8Y —
Is°6s —

+8°9L
oOT'LL W
8Y'LL

POvIil —

PE6TI
prier

€651 —

86'0
00'1 |
2011
0€'1 1
€T
€51
S
SST Y
96T
85 1F
0917
$9°1
991 ]
89'1
69°1 |
1L1
€L
8
¥8'C
98°C ]
88°C 1
68°C]
16’

-10

0

—

f1 (ppm)

orL”
LOL~
66°L\

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

FsC

3r

CF3

F00'1
F00'C

3.5 2.5 1.5 0.5 -0.

4.5

f1 (ppm)

9.5 8.5 7.5 6.5 5.5

10.5

43



€S°11
0T —
20°6T \

6c°6¥ —

¥8°9L
S.EW
8bLL
8I°611 1
T6611
96611 1
00021 Y
$0°021 4
LO°0T1 é
68'1T1
19921
00921
$0'9C1 q
80°97T |
11°921 :
el
T8 1€l ]
SITEL
8pTET |
Z8°TET
ssTyl”

/R

FsC

3r

CF3

-10

f1 (ppm)

PIE9-—

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S0 40 30 20 10 O

S<
S

FsC

3r

CF;

-10 -30 -50 =70 -90 -110 -130 -150 -170 -190 -210

10

f1 (ppm)

44



00°0-—

vrc—

6C’L
6C°L
0€’L
1€L
ceL
ceL
YL
SY'L
'L
LY'L
LY'L
8Y'L

SN
s

3s

Cl

=00°¢

#00'C
00T

-0.

0.5

1.5

86'CC —

25

3.5

¥8°9L
oﬁ.hhw
8Y'LL

4.5

5.5

ﬁﬁ.oﬁ V
6T6T1
vo.mfw
S9'SET

n

©~

8.5

9.5

10.5

SN
s

3s

Cl

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

45



98°0
88°0
68°0
%4
vl
9T'1
LT1
1€ ]
€1 \ﬂ
Pel gﬂ
Se'1
09°1 ]
91
$9°1 %
991 |
L9T1
891 -
0LT ]
1L
€Lt

LTL
LTL
8CT'L
6C'L
YL
SY'L
SvL
'L
LY'L

3t

Cl

¥ 661
R g6l

STl
ow.NN/
om.wm/
1 06'8C
6C°6C
LE6T
om.mw\
: w@.ﬁm\
€rec

3.5

¥8°9L
o_.hhw
8¥'LL

4.5

55

‘88Tl
€1°621 -~
1z,
LYOE1

wn

9.5 8.5 7

10.5

‘

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

3t

Cl

-10

46



[e1—

vy —

PeL
mm.L
seL
SELA
9¢ LA
LELA
LEL
St'L
StL
9y ]
L¥L
S.L
8p'L

SN
s

3u

A

=06

F00°¢

#00'C
00T

-0.

0.5

1.5

SI'ec—
[4 RN
89v¢ —

25

3.5

¥8°9L
o_.hhw
8Y'LL

4.5

5.5

ﬁcm.oﬁ ~
67817
L9°¢€e1”

n

T re0s1 —

0
S

9.5

10.5

S<
s

3u

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

-10

47



000 —

10°C
€0'C
S0'C
LO'T
80°C /
9L'C \
LL'TT
6L°C \

LTL
$T'L
ST
671
omfp
€L

L

mv.iﬂ
L]
StL]
S
op'L

Cl

3v

Cl

700’

200t

-0.

0.5

1.5

LY LT —

c8'9¢ —

25

3.5

¥8°9L
O_SBW
8Y'LL

4.5

5.5

ﬁom.oﬁ V
8T6T1
60°€ET m
Z87SEl

n

©~

8.5

9.5

10.5

.S
S
3v Cl

SN
S

Cl

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

48



00°0-—

¥6°0
96°0
860
IS \
L9'1F
891
0L'T
L1
YL
69°C
1L°C
cLe

6l°L
0C’L
<L
6C’L~
ﬁm.h*
€e°L
cSL
vS'L

Ph”

3w

F00°¢

F00'C

001
%00z
00"

-0.

0.5

el —

1.5

6C°CC—

86°0v —

25

3.5

4.5

5.5

ITL9TT A
¥ LTI w
€0°621

oLrer”
w

9.5 8.5 7.

10.5

Ph”

3w

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

49



0070~
owd/
88°0
060
9¢'|
g€l
6€'1
ot
1 \ﬁ
gt
19'1
€91 1
€9°1
P91 1
S9'1
$o1 1
99'1 1
191
L9T
L9
691
e
vL'T
9LT
6L
172
€TLA
€TLY
€T LA
oeLt
1€
S |
zEL
€€
PEL
vEL
Ts'L
€5
IR
€SL
vS'L
vS'L
ss'L
Ss'L

Ph”

3x

Yoo'e
£1T
1T

FL6'1

60
%00C
fo6°

6.0 55 50 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.

10.510.0 9.5 9.0 85 8.0 7.5

8L €T
sLic”
00 1€~
6L°8E

ww.wb/

u—.rr\

8Y'LL

Ph”

3x

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

50



00°0-
mwd/
L8°0
88°0
€Tl )
€T
T 1A
vT 1
ST
971 7
LTT
8T'1 1
1€ ]
€€T
Se1]
9¢°1
9¢'1
91
¥9'1
99'1
891
691
Le
€LT
SL'T
61°L
61°L
0TL
0T LA
7L
L
L]
cTL]
6T L
0€'L
1€°L]
1eL
eeL]
€6°L
wSL
S'L
€S°L
¥S'L

vS'L

S._..Ph
S

3y

®00°€
#1079
20T
00T

ooz

-0.

0.5

[1240%
cL'ee
¥$'8C
ﬁm.wNW
L6°8C
08'I¢ \
80°6¢

1.5

25

3.5

¥8°9L
9l'LL V
8Y'LL

4.5

55

NZTL9TT
St'LTl w
€0°621

6L LE1”
wn

9.5 8.5 7.

10.5

S._..Ph
S

3y

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 O

51



00°0
ow.o/
880
€51
Sl
SS'1
9¢'1
8S°1
19°1F
€9°1
7o'l
99°1
89°1
69°1
€L'C
vL'C
SL'T
SL'T
LL'T

61°L1
0T'L1
0T'L 1
1TL Y
1TLT
TTLA
€TL
€TLA
YT LA
0S’L~
€L Kﬁ

ar—

YL
zsL]
ZsL]
€sL
€S°L ]
vSL
$S°L
ssL ]
s

009

) o1T
== Ro01

‘WL 00T

- JO0°1

“Ph

3z

-0.

0.5

1.5

o¥'cC —
9T’ LT —
SI'LE \
06°LE —

25

3.5

¥8°9L
oﬁ.hhw
8Y'LL

4.5

5.5

6L9TT
LS'LT1 w
90°6C1

grre1”
w

9.5 8.5 7.

10.5

“Ph

3z

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

52



00°0
Sl 7

SS°1
951 1
86°1 1
091
19°1 1
€9°1 4
S9°1
L91 7
89'1
oL
11
ol
€L
VLT
sL
9,11
06'T 1
16'1
€6'1
S6°1
961
86'1
6T€
0g€
zee
3
see
LEE
81°L7
oTL]
L
6TL
1€
€€L

€S°L
SSL

S” " "Ph

3aa

40T
Mo

Rere

0T

-0.

0.5

1.5

€8¥C —
88'CE —

25

6£°0S —

3.5

¥8°9L
O_SBW
8Y'LL

4.5

5.5

657971
NSN@
86'8C1
srger’

n

©~

8.5

9.5

10.5

S "Ph

3aa

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

-10

53



0070~
0T'1 7
121
€T
ST
LT
8TI
671
1€1
1€l
43
€€l
SET ]
ST
9¢1 ]
8¢l
6€'1
1
96'1
851
651
091
€L'1
vLT
SLT
9L
LLT
8L°1
6L'1
00T
€0C
LL'T
6L'C
08'C
18°C
€8C
L1
61°L1
0T'L
8T'L
0€'L
zeL
sL
vS'L

“Ph

3ab

oS
Z10°1
™0'C
00T

Foo'1

#00°1
f00'C
R0z

0L'ST~
vz
vLze”

S6°67 —
¥8°9L /

OU'LLT
8Y'LL \

6.0 55 50 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.

“OV.ON— N\
88'921

10.510.0 9.5 9.0 85 8.0 7.5

“Ph

3ab

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

-10

54



Fa
1
00°0-— — 3
n
[ @
M | w zTie—
-
€T 00°¢| n
e\l
n
[ en
89
[ E.RW
v StLL
[ <
n
. L)
01'Ly €TITI
TrLy F ow.wﬁ/
vELY WP 6Tl
SELY F SLO0ET
SELY BITEl
ocLy| #00Tr  greel
9c L 0V [ 1,69°9€1
e 0C[ ~p0°8€l
6€L]
oL r
owi v
:\: [ ®
L S/ i
w % n
) F e
n
F o
R4 -
m

-10

55

3ac
210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0

Br:




000 —

1€c—

60°L 7
[T°LY
€T'LA
YTLY
YL
9T'L Y
9T’ LA
LT LA
LTL
veL
LeL
6€°L
ovL
ov'L
WL
L]
€L

— r—

Cl

3ad

0

fo

0°¢

0°C
0°C
0'C
0'C

-0.

0.5

1.5

(4o

25

3.5

¥8°9L
o_.hhw
8Y'LL

4.5

5.5

@hwmﬁ
oNdN~W
w .
figz6e
S0'0€1 —
owmm~\
 OE EET
=66'SET
00'3€T

8.5

9.5

10.5

Cl

3ad

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

56



000 —

9CT’L
9CT’L
LTL
8CTL
6C'L
6C'L
LEL
8¢L
8¢L
6€°L
ov'L
ov’L
LSL

Cl

CN

3ae

J00°T
fo0C

H/oo.v

-0.

0.5

1.5

25

3.5

¥8'9L
oﬁ.bbw
8Y'LL

4.5

pel \
91811
96°9T1
Shﬁ.owﬁ/
oSS 6CI
L9TET ~
mo.vm—\
nclvel \
S6T eVl

8.5

9.5

10.5

Cl

CN

S
3ae

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

57



VO TTNOOO ®®PH RN w o~ 8
NN = —=—=00QN N S
N O S T S SN S S SN SN S SN} SRS T
e s e N/ |
)
Z S
N s’
3af
Il | J
eSS S
S33 S 3
&= S o
10.510.0 9.5 9.0 85 80 75 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.
) © ST w
o =N NSO~ & 0 O T <+ ©
o~ KBNS N N S A
O © neneona - ~~ O <+ —
—_ - — = N~~~ AN
N/ ~~ I —~ N/

S/

3af

. | el i

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 S50 40 30 20 10 O -10

58



98°0
880
060
€e'l
SET
LET
6¢°1
V1
'l x
€'l
651
191
€9°1
o'l
L9°1
0LC
LT
vL'C

8¢L
6¢°L
ov’L
L
€L
YL

——

Br

3ag

“oo'e
4S0°T
400°T

Fooc

H00v

-0.

0.5

SLET
- L1’
96°0€ \.
EL°8€Y

25

3.5

4.5

5.5

z5°0T1 —
GSE6'STI
Z0°TET ~
60°LET ~

9.5 8.5 7.5

10.5

Br

3ag

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

59



00°0-
bw.o/

68°0
060

9¢’1
8¢'1
or'1L

Wl

1911

91
€9'1
€911
91
S9'T 1
S9'1
99°1 1
L9°T 1
191
89°1
122
€LT
SLT
0L€ ]
S as
s
9]
9y
8h't
8yt
6t
6t
0S¥
1Sy
(42
(42
TTL
oL
£z
YL
0S'L
1S°L
SsL
sL

——r

€S°L

40T
400°T

ooz

F00'C

Feoc
Fera

F00'C
F00'C

9.5 8.5 7.5 6.5 55 4.5 3.5 25 1.5 0.5 -(

10.5

srer”
vL 1T~
66°0€
€L°8€

620t~

¥8°9L

It CL

8¥'LL

SLLTIA
16621 —
os el
ovzer”

9L°691 —

-10

0

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

60



OL"TIT
89°CIC]

L9°CIT
s9Clic
v9'CIC-
cQocic
19°Cic-
6S°ClC
6s°ClC
ccocl-
1cocI-
61°0CI-
61°0CI-
L1°0CI-
91°0CI-
€rocil-
0S'611-
8v'611-

LY'611-

svell-
svell-
crell-
rell-
6611~
0S'SII-
8Y'SII-
LY’ STI-
SY'SII-
SY'SIl-
€V SIl-
4420
o' SII-
OLVII-
YLYTT-
ELYVIIL-
ILy1l-
ILy1l-
6OvII-
89 V11~
99VvII-
LI'VL-
vivL-

1TvL-
60'vL-

y
J
]
]
)
]
]

]
1
1
)
1
|
1

1
A

y
]
J
|
i
|
]
]
|

|
]
]

L 001

il

=1l
11

=00'¢

-10 -30 -50 =70 -90 -110 -130 -150 -170 -190 -210

10

000 —

VL)
STLA
9T°L1
9T'L1
9T'L
LT LA
8T'L 1
8T LA
6TLY
6T°LA
0€°L Y
[€L
1Lk
L]
€]
€eL
I¥L]
WL
€pL]
evL]
op'L
LyL
8¥'L
6v'L

Cl

“Ph

3ai

(a4
m\ooA

6’1

10.510.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5 0.0 -0.

61



¥8°9L
oﬁ.hbw
8Y'LL

oc6cl
€e6cl
Iveel \
YL SEL
89°9¢1

6S5°LTI
06°LTI
SI'6cl W

Cl

“Ph

3ai

-10

0

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

000 —

€rc—

8¢~

9T'L
LTL
8C'L
6C’L
0€’L
€L
€L

Cl

Foo¢

ooz

00t

9.5 8.5 7.5 6.5 5.5 4.5 3.5 25 1.5 0.5 -0.

10.5

62



61 €Cc—

STy —

¥8°9L
o_.hhw
8Y'LL

6L°8T1
PLOET ~
[T XA A
6T 9€1

Cl

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

00°0-—

W
26T
€6'CH
$6°C
S6TH
$6'C |
96°C Y
96T Y
L6TA
66'C
66T
00°¢ ]
10°€ |
10°€
20°€
70°€
€0'¢’

——

0CT’L
L
L
€TL
vTL
YL
6C'L
6CL
0€’L
0€L
€L
gL
ceL

S.
Ph” " g7

3ak

Ao

:

foo€

ooy

9.5 8.5 7.5 6.5 5.5 4.5 3.5 25 1.5 0.5 -0.

10.5

63



Yy eC—

98°6¢ ~
1s°6€

¥8°9L
o_.t\w
8Y'LL

€5°9¢C1 \
¥9°8C1

¥L'8C1 N
ocovi —

ph S g7

3ak

0

in
000~

0 20 10 O

1y

210 200 190 180 170 160 150 140 130 120 110 100 90 80

SN
s

3al

_O

100°€
) 07T
- 00T

Too¢

9.5 8.5 7.5 6.5 55 4.5 3.5 25 1.5 0.5 -0.

10.5

64



LTET—
8Y7CEN
LOYE —

L6'1S —

¥8°9L
o_.t\w
8Y'LL

9€CLT —

S<
s

_0

WWWWWWWWWMMW

3al

_Ac
HN

SN
s

3am

-

Foot

9.5 8.5 7.5 6.5 55 4.5 3.5 25 1.5 0.5 -0.

10.5

65



TO0LT N
ARVARS

SN
s

_Ac
HN
3am

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

00°0-—

L8°0
68°0 W
060

ST'1 \
971 1
91
LT
871 ]
8T’
6T1 1
6211
0€1
161
€1
el
se'l
se'l
LET
LET
LET
8¢l
6€°1
or'1
141
So'l
L9°1
69'1
LT
€Ll
1T
69°C
11T

€L'C

\/\/\/\S/S\

3an

=90°€
19
90T
¥60'T

9.5 8.5 7.5 6.5 5.5 4.5 3.5 25 1.5 0.5 -0.

10.5

66



€THI
o».mm/
Nm.mmyf
£9'8T

B.omw
om.om\
98°1¢

E.wm\

vw.oh/

Q_rr\

8Y'LL

\/\/\/\S/S\

3an

-10

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 O

00°0-—

L8°0
ow.oW
060

ST'1 \
8T
6T1

e f
€1
pEl
9€°1 1

LET ﬁ
8¢T |
6¢1]
Tl
$9°1
S9'1
L9°1
691
121
19T
69T
1L
€LC

\/\/\/\S/sv

3ao

001

10.510.0 9.5 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 2.0 1.5 1.0 0.5 0.0 -0.

67



0 O < nnnoOwowvnstwn—aom
¥ = TaoI SO o
o>~ >~ O AN — 0N T T
o~ o~ nnonaAaAaNdaNdN—~—
— ——— e =

\/\/\/\S/S\/

3ao

N
wmwmm»mmmmmmmwmwmmmmmmmmmw WS g W

210 200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0 -10

68



