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1. General information

All reagents were commercially available and used without further purification. All
solvents were dried according to standard procedures. Melting points were measured
on a Taike X-4 microscopic melting point apparatus and are uncorrected. *H and *C
NMR spectra were measured on a Bruker ACF-400 spectrometer and recorded at 400
and 100 MHz, respectively, using CDCI; or DMSO as solvent. IR spectra were taken
with a Nicolet FT-IR 5DX spectrometer. HRMS were taken with a AB Triple TOF
5600 plus System (AB SCIEX, Framingham,USA). The exact mass calibration was
performed automatically before each analysis employing the Automated Calibration
Delivery System. EPR spectra were measured on a Bruker A300 spectrometer.

2. Photoreaction setup

Fig. 1s Reaction apparatus for the small test reactions (left) and gram-scale reaction (right).

2/59



3. Determination of the geometry of the C=N double bond
NOESY experiment
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4. Stern-Volmer Fluorescence Quenching Studies

Fluorescence quenching experiments were performed on a JASCO
FP-6500Spectrofluorometer. In a typical experiment, a 0.15mM solution of Ir(ppy)s in
CH3CN was added to the appropriate amount of quencher in a screw-top 1.0 cm
quartz cuvette. All solutions were excited at A = 367 nm (absorption maximum of the
photocatalyst) and the emission intensity at 526 nm was recorded (emission
maximum)
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5. The Radical Trapping Experiment:
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6. EPR spin trapping experiment with DMPO

Typical spectrometer parameters are shown as follows: Center-Field: 3508 G; Width:
100 G; Receiver Gain: 5.02 X 10% Scans: 1; Modulation Amplitude: 1 G; Modulation
Frequency: 9.845957 GHz; Microwave Power: 2.41mW; Time constant: 0.08192 s.
Simulated EPR spectrum (b and c) based on hyperfine coupling constants of ay =
13.52 Gs and ar = 1.96Gs (g=2.00948).

7. Synthetic Utility of Methodology

(1) Hydrolysis reaction of hydrazone

3b (0.1085 g, 0.2569 mmol) was added to a 7.5mL 1/1 mixture of HCI (0.3N)/THF.
The resulting solution was stirred at room temperature and monitored by TLC. After
24h, the solution was extracted by DCM and washed with aqg NaHCOj3. The organic
layer was dried over MgSQO, and concentrated. The residue was purified by flash
chromatography to afford 9 (41 mg, 47 %).

(2) Photoredox three-component couping reaction

In a vial Ir(ppy)s (2.6 mg, 0.004 mmol, 1 mol%), p-tolualdehyde(0.4
mmol), morpholin-4-amine (0.44 mmol), Na,HPO, (113.6mg, 0.8 mmol) and
perfluoroalkyliodide 2 (0.8 mmol) were dissolved in 8mL DMF. The reaction mixture
was stirred under irradiation with a 3 W blue LED lamp for 24 hours. After the
reaction was completed, the reaction mixture was poured into 60mL water and
extracted with EtOAc (8 mL>3). The combined organic layers were dried with
anhydrous MgSO.. The solvent was removed under reduced pressure, and the crude
mixture was directly charged on silica gel and purified by column chromatography
with petroleum ether/ethyl acetate as eluents.
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8. Spectral data of products 3-9

RFFRF

3a

LT

L6

89
00
33

147

‘69

*BeL
B N
vh\nl\l

*821
-821 o~
‘62T —

TET ——

.vmﬂ/

SET

geT—"

ppm

70 65 60 55

9 85 80 75

135 130 125 120 115 110 105 100 95

140

000"

Le”

Lsz"

1se”
09¢g”

[t ol o ol ol ol ol ol o ol ol

0——o

MOOOOOMOMOOMOOMOONNN

N

25 20 15 10 05 ppm

3.0

—00°'%

7T
=Z21°0

3.5

6/59

—00

=<Z1°0

4.0

50 45

55

6.0

6.5

7.0

~/S6°1
 \26%e

8.0

8.5



£ve”

80F
Lge”

o0go-
960
LEO
£10°

899°

€09°

(434
80¢
78T
6FT
FZT
820
110
w0
086

PZT-
“RET-
A

L4

0eT-
tozT-
t021-

[any

‘18-
T18-
18-
t18-
"18-
18-
t18-
‘18-
To8

N

ppm

-80 -85 -90 -95 -100 -105 -110 -115 -120 -125

=75

000"

LLg”

9L6"
886"
000"

€6S°
909"
LT9"

T6T"
cre”
gee”
LGzZ"

L
L

0
Hﬂﬂ

"

0.0 ppm

0.5

7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0

7.5

I6°F

7/59



20

124

T

z0°

69°

00
(43

co-

4

149

99

9L
.?W
L

‘821
97T
67—
“GET
“GET W-
“GeT

o]

0 ppm

130 120 110 100 920 80 70 60 50 40 30 20 10

140

180021~
950'021—
LEOOZL-
0E0'02L—
020021~
cLo0zL-
§00°021-
986'641-
65664~

0Er'velL-
6Ly el
LpFelh-
o0 vel-
LBE¥EL-
ELE¥CL-
vSEveL-
8FEveL-
Wwerel-
6zevel-

£208'901—
v4L90L- Wl
WL 90k~

ezL 18-
£60'18~ Wu
69018~

T T T T T
-80 -85 -90 -95 -100 -105 -110 =115 -120 -125 ppm

T
=75

8/59



TLE RET-

¥OE BT~
. E FSETPET-
20070~ 1 lre 9FE"FET-
0VE PEI-
126621~
[ w LOE“bET-
° 882 bTT-
SLZ bET
V92 b1~
e 500021~
S86°6TT-
6LE6TT-
0 196611~ MWWWWl
e €56°6TT-
£76°6TT-
VeEET6TT—
Le 926611~
99e°¢ [y} BOB 6TT—
. 1067611~
I N d g
. Lw=TI10
L86"C oi
000°€
9871°¢ P
mmH.mWW Cep —~01°F
0Tz € =S&T1°0
Tes'e o 8167901~
665°¢€ [ o —t77 mmq.chWI
£09°€ a4 Z5p°90T-
L09" € “ET0
ST9°E Fe T
CEEAS
968°¢
T06°€ [w
€T6°¢ <
o
6
[«
0
L e
w
LET"L [
LST L P
66T"L
8TZ L
gsz L FR /eet
F9z°L Huuuyr AT
£82° L ———— ”Hmmmmmm =101
Nom.h\ R =5F00 261" 18-
qu.h\ ~=<zoo wm:m‘v
ol 6EL° 18
TEECL el
SFSL L2
mmm,h\k\\\w @
068°L
8Z6°L L

ppm

-125
o

-\

-95 -100 -110 -115 -120
o
9/59

-920

-85

o

-80




(4

L0*99

9L

ov*

"1e

‘oL
‘LL I/
LL

*921
82T
(6T~

*0ET ———
LR ——

SgET
.nQW
‘geT
‘g€t

W

T O

40

70

T T T T
130 120 110 100

T
140

ppm

000° 0~

692"
e

SR

VvV

186°C
£€66°C
900°€
96G°€
€09°€
809°€
029°¢

0LO"L
060°L
CLLL
6€ET°L
69T L
9ge*L

W

i
Q
[=%
Le
o
[
o
LR
=
L.
el
=
o~
—00°9
w 670
[ o
S —Ah %
Mo —80°F
=310
AL
[ w
N=F0""
[ o <vT°0
-
289,
<
LS
wn
[
wn
L
o
[ ®
o
[ e
B o
[ @
~

10/59



10

8L

ST° ¥

90"

€L
S0

Le”

*92T
"6cT
“62T
‘62T
"GET
"GET
“9ET
LT
"8ET

“0-

‘6T

‘9L
i i
b7

'A%

130 120 110 100 90 80 70 60 50 40 30 20 10 ppm

140

9SE¥EI-
0SE'¥CI-
BEEFCI-
LEEPEL-
9ZEYCI-
90E'¥CI-
c6c vl
elgvel-
19z vel—
05 ¥2h-
LS LE =
i v
L35°121-

905124~ W
68611~
ViB'EH
996'6H1-
OvE'6H
Ov6'6H~

cEB'6H
12661~
VIB6H
968'6H
0/8'6L1~

509901~
€/5'901—
0vS'901L-
00E+01—-
£92' P01~
LET¥0L—

9418~
LEL 18-
bEEEE
180°18—
696'08~
196°08—
56'08~
SE6'08~
626'08~
606'08~

ppm

-80 -85 -90 -95 -100 -105 =110 -115 -120 -125

-75

11/59



RFRF

3e

000 0 ——

9ze T —

BLETT
wwmAwW
866°C
8657 €
909°€
018°¢€
229°¢

65z L
692" L
6877 L ~2\_
L6E"L
N_uv.hw'

L

E
=
a
[ =
=]
L2
-
— ko6
[ @
-
L2
o
[w
o
o —r%
F ey —00°F

—00'¥%
L2
<
-
<
2
0
[ @
w
L2
©
[ @
<
L2
~
e
Do.m
=761
~

AN
6L

ST'F

89"

1€

LG"

8c”

£6°

Lo

€0°

1€
FE

ppm

T
30

T T T T T T
140 130 120 110 100 90

T
150

T
160

12/59



ZPETRZT-
TZewal-
LOE PET-
LBZ RET-

196°611—

509501~
205301 Wl
0pS°90T-

€9T° 18-
mZ.HTWI
TIT 18-

-125 ppm

-85 -90 -95 -100 -105 -110 -115 -120
//J[:::::::],/’J\\\(:AlF:g
MeO 3f

-80

000°0-

6L6°C
166°C
€00°€

509°€

ps.mWWWl

629°¢€
St

(A% N

206°9
606°9
T€6°9
8€6°9
€92°L
c6C L
TresL

_

0.0 ppm

T
1.5 1.0 0.5

2.0

13/59



60°
61°

(4

89

4%

(A%

GG

€9

91

€7

“0ET

G ——
g —

9L
.FF'/

jans

€21

SET

GET

geT—"

150 140 130 120 110 100 20 80 70 60 ppm

160

6Ly FCT-
L9% ¥TT~
ERA AN 2 ANy
EEP PTT-
ZIp°vel-
L2T°02T~
STI1°02T~
80T 02T~
00T 02T~
160°02T-
T80°0CT-
¥L0° 02T~
650°02T~
886°90T—
966°90T-
£€26°90T—
PLT 18-
8v 1 18-
€21° 18-

Ar

ppm

-80 -85 -90 -95 -100 -105 -110 -115 -120 -125

-75

14 /59



000 0—

00 °F

00 T

[

4.5

1 (ppm)

—m— ]

- m.% 0
|||HI.MT.§ 0

-102 -106 ~110 ~114 -118 -122 -126 -130

-i6 -78 80 -82 -84 86 88 90 92 -84 96 98

-74

1 (ppm)

15 /59



110991

— i, 159

Sewlt,

T T T T T T T T T T T T T T T T T
170 160 150 110 130 120 110 100 90 850 70 60 a0 40 30 20 10
1 (ppm)

RFRF

- —7.261
———7.240
_—6.688
——¢.666

85 80 75 70 65 60 55 50 45 40 35 3.0 25 2.0 1.5 1.0 ppm

1

0
4.14

1

16 /59



PSETFTT-
SFE"FTI-

ZTEPTI-
80E FZT-
68 PCT-
€827 %21~
SLE FTI-
9€0°02T-
620°02T—
810°021—
Z00°021-
P66 61T~
£86°6T1—
9LE6"6TT-
856°6TT—

1967901
owm.ci\WI
L68 90T~

92T 18-
TOT" 18— WI
vLO"T8-

-85 -90 -95 -100 -105 -110 -115 -120 -125 ppm

-80

69°

zE"

zg”

g8

L°81T

0w

11T

05T ——

30 ppm

150 140 130 120 110 100 90 80 70 60 50 40

160

17 /59



Cl

000°0-

766"
900°
810"
809"
§TI9"
029
e9”
TE9”

¥9C"
co¢e”
vece”
28¢€"
88¢€"
£€6€°
707"
607"
S1v”

V

MOOHONMOON

4

Lo ol e ol o ol

e g

ppm

60 55 50 45 40 35 30 25 20 15 1.0 05

6.5

81"

06"

89"

TE”

59

62T~
T0ET ———
T0ET —
EET
TEEL ——=
-geT —

‘GET —

A

LA

55 ppm

135 130 125 120 115 110 105 100 95 90 8 80 75 70 65 60

140

18 /59



€95 ¥elL-
L55¥eL-
oFS el
LEGFEL-
CESTEL-
ELS¥el-
66y ¥el-
0sr'¥elL-
Sivvel-
Lovvel-
9Sr'velL-
61021~
LIVOZL-
LAroegt-
651021~
e510gL-
SpL0gL-
SeLogh-
8eLogL-
8LL0ZL-
ckLogL=
660021~
£60021-
20021~

Ge/'90L-
269901~
089'901L-

82e'18-
202’ +8-
L7

\
: :

W. —2

-100

-95

-130 ppm

-110 -115 -120 -125

-105

-80 -85 -90

-75

19/59



—0.000

3 :
+ +
T T T T T T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 L0 3.5 3.0 2.5 2.0 1.5 1.0 0.5
£1 (ppm)
SN2 LN
1
|
| |
| i
1
|
|
it
A FTTRR TR TRV A, .
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

1 (ppm)

20/59



130

125

120

110

105

100

90

1 (ppm)

N

~

A

I
3k

O

Cl

Cl

00070 —

8c¢C”

620°
1%0°
€507
SE9”
AN
LF9"
189”7
6597

Loz
AR
8ce”
ANA
s9¢z”
6LE"
£8%"
¥ev”
506"
S1S”

Mo Mo Mo ;o

e e e L

4

E
=3
=%
e
L
— N
—— ™ 00" ¥
\M —66°¢
- <
=
~ ©
Fr~
=860
) /5670
P N6 0
1
=
Lo
=

21/59



69°

{4

:

130 125 120 115 110 105 100 95 90 85 80 75 70 65 60 55 ppm

135

9Isvel—
86Y'vel—
S8r'vel—
rov el
0Sv'vel—
0Ev'vel—
FAN S 74 o
668721~
451021
LEL0EL-
Q€021
€01021—
S60°021—
S80°021—
LL0021-
650021~
€€0°021—

LEV'901—
86€°901-
99€'901~

8-
SLLg-
2480718~

\
/

=

-130 ppm

-75 -80 -85 -90 -95 -100 105 -110 -115 -120 125

-70

NC

R FFF

3l

22/59



S

—-0.000

1
U e
T T
= = =
T T . T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 1.0 3.5 .5 2.0 1.5 1.0 0.5 0.0 -0.5
1 (ppm)
iz
EE-
11
1
[
I
1
]
f
L T ST N
T T T T T T T T T T T
150 140 130 120 110 100 90 80 70 10 10
1 (ppm)

23/59



120.094

4.5 4.0
1 (ppm)

24 /59

4 .
-T4 76 -8 —80 -82 -84 86 -88 90 -92 -9 -96 -98 100 ~104 -108 -112 116 -120 -124 —128
1 (ppm)
FFFEF
_N F
(\N N
o/ FF F
CFs 3m
g2
i i7
1
.
[l
I
1
L L j -
s T
‘ ‘ . . . ‘ ‘ — S . ; ‘ ‘ . .
9.0 8.5 7.0 6.5 6.0 5.5 5.0 3.5 3.0 2.5 2.0 1.5 L0 0.5 0.0 -0.5



294

—65.912
54,

T T T T T T T T T T T T T T T T T
150 145 140 135 130 125 120 115 110 105 100 95 85 80 75 70 65 60 55 50 45 40 35 30

90
1 (ppm)

T T T T T T T T T T T T T T
55 60 65 70 75 80 -85 90 -9 -100 105 110 115 ~120 125 130
1 (ppm)

25/59



100°0-

PES"T

soo'e
LTO"E
6c0°¢

6T19°¢
Lzo e
Teg9 ¢
EV9°E

2927 L
68Z°L
20€° L
9287 L
SpSTL
058" L
PSS L
8557 L
P95 L
L9587 L
ZLS L

724

60 55 50 45 40 35 30 25 20 15 10 05  ppm

6.5

7.0

SE"

vo*

6L°

44

99

.OF /
ST

ppm

130 125 120 115 110 105 100 95 20 85 80 75 70 65 60

135

26 /59



TP FCT1-
[ A
8EFCTI-
LE PZT-
SETFEI-

90° 02T
70" 02T-
£07021—
z0t0z1-
T0°021-
66°6TT—

9E"90T-
mm.miwv
0€°90T-

T
1118 mWwwwv.
80° T8~

ppm

-85 -90 -95 -100 -105 -110 -115 -120 -125

-80

Br

RFRF

30

27 /59



— 0. 000

I
1
|
|
I
I
!U |
T T T
R B o2 2s
< = R S
T T T T T T T T T T T T T T T T
8.5 8.0 7.5 7.0 6.5 6.0 N 5.0 4.5 4.0 3o 3.0 2.5 2.0 -0 0.5 0.0 0.
1 (ppm)
|
|
i
| 1
,J I | 4 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
145 140 135 130 125 120 115 110 105 100 °45 90 0 7a 0 63 60 ay a0 45 40 35 30 25 20

85 8
1 (ppm)

28 /59



W

L

1000 -102 -104 -106 -108 -110 -112 -114 -116 -118 ~-120 -122 -124 -12 128 -130

98

1 (ppm)

FFFF

0o0o0-

690"
180°
€60°

TN
8€9°
089"

70T"
SotT”
9z1”
6FT"
ELT”
SLT"
161"
F6T"
ote”
€TT”
€9¢”
SLZ"
16"
80€"
80% "
ET1F”
(14
9zh "

0

L e e el e o e e e e e N

TN

e

7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0 25 2.0 1.5 1.0 0.5 ppm

00°%

20" %

29/59



S0

A

83

[43

9L
ve*

e —

"9
s

L=

ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10

160

196°PZ1—
165 pEl-
LTS HET-
8IS FZT
FoF FEL
PEEFFIT-

8L E0T—

SpT Te-
611" 18- WI
160" 18-

ppm

-80 -85 -90 -95 -100 -105 -110 -115 -120 -125

-75

30/59



000"

cro”
750"
L90"
€69°
099°
g99°
699°
LLOT

920"
€v0°
090"
L9z’

0

V

MOMMOMmmNn

L
—

L—"

®

0.0 ppm

60 55 50 45 40 35 30 25 20 155 10 0.5

6.5

€29 95T
909" 95T~
685°95T-
8957951
7G5 95T
GEG6°96T-
PTG 35T
L6F 95T
T8F 95T
9L0°ZET-
LSOt ZET-
720 ZET~
£00°ZET-
686" TET-
Z09 bZT-
£65°HZT-
S86°HET-
— 645421~
70" b 195 BZT-
L¥S PEI-
BTG FZI-
725 BT
—s STG"HET-
—90°'% P05 peT-
0¥Z° 02T~
zzz 021~
STZ"0BT-
P0Z 0TI~
L6T 0TI
T61°02T-
TLT"0ZT-
981" 90T-
mﬁ.mSuWI
TZE 90T
86°T
661 18-
w:.ﬁm\WI
LT 18-

ppm

-90 -100 -110 -120 -130 -140 -150

-80

31/59



12°

G8°

99°

62"

S9

R B &
TETL
“EET
TETT
‘Lt
N
*LTT
TLTT

"2st

ppm

150 140 130 120 110 100 20 80 70 60

160

CF,CF,CF,CF;

3r

100°0 —

0
oo
oo

o~

610"
81¢’
ove”
(A4
e Tor
T29°
§29°
629"
LEY"

MOOOMHMOO®O®M

/ N\

TO9:"
€29°
9¥9°

<«

§

G8L”
908"
ST T
SETS
681"
§9¢*

/V

N\

0w

ppm

1.0

1.5

.S
©

©

- L6™E
=600
—~86°1
—_—

L6°E

ks

32/59



9€”

01"

T0°*

vs°
L9"
66"
og"

10

62"
8g"

61"
00°

20

LT

62

14

99

1L
9L
9L
LL

60T

€21
YA

“Let

621
9ET

“9ET

9¢T

191

~
|\|

——

T
|\|

20 ppm

160 150 140 130 120 110 100 90 80 70 60 50 40 30

170

Sh6"SZT-
LO6°SZT-
GL8'SZT-
6LE FZT-
89€° 721

09" 721~
GGE FET-
9EE"FEI-
ZZTEWIT-
£0€° 72T~
862 71~
06z v2l-
BLZ FET-
ELZ vel-
899121~
PEOTTZT-
€86 6TT—
0L6°6TT—
G96°6TT

LS HTT-
LE6 6TT-
GEETETTI—
£Z6°6TT-
ZT6°6TT-

S9L°90T-
EELT90T-
00L°90T—

9T 18-
SET" 18-
60T T8~

VN

T T T T
-85 -90 -95 -100

-80

=75

-135 ppm

-110 -115 -120 -125 -130

-105

-70

33/59



3s-(E)

CF,CF,CF,CF,4

000°0 ——

700"
910"
820"
696"
9LS”
86"
€66°

T8C”
9G¥ °
8s¥v "
08% "
61G°
2ES”
LES”
9bs”
966"
196°
PLS"
8LS”
44N
868"
vL8”
6L8°

MmMmmmmnon

U

L e e e et ol o o ol o ol o

TR\

-

@ LO"¥

0 ppm

Lz

00"

69°

€€°

ppm

55

60

65

70

75

)
135 130 125 120 115 110 105 100 95 90 85 80
34/59

140




G9E°vTI-
2GE"PZI-
2EE WTT-
6TE°FCT-
662°v2T-
TG6°611-
8€6°6T1~
2€6°611~
SZ6°611-
ST6°6TT-
LO6°6TT—
006°6TT1-

66€£°90T~
99€°90T~
€EE 90T~

€GT 18-
921° 18-
10T 18-

-

ppm

-85 -90 -95 -100 -105 -110 -115 -120 -125

-80

3s5-(2)

000°0

8€C°€
162°¢
€92°¢
G68°€
€06°€
LO6"€E
116°€
616°¢

8GC°L
PLE L
T67°L
80S°L
T168°L
ecS° L
Les'L
6€ES°L
PpSTL
8pS°L
T96°L
§96°L
0Z8°L
728 L
078 L
vr8 L
826°L
0S6°L
S66°L
800°8
0z0°8
961°8
0zz°8
(4 4481

44

A

ppm

10

35/59



96°

8E"

L

vE"L

18

99

v

el ——
*921
“Let

FQE L

CCET ——
27} o

AN i il

T

¥

oo

50 ppm

135 130 125 120 115 110 105 100 95 90 8 80 75 70 65 60 55

140

A0 021
B o

258 10—

£44°08-
50108
25408
A 208
GE )08 -
2E4 08
£11°08-
a0 o8-

T T T T T

8 -80 -82 -84 -86 -88

T
tt

-68

-108 -112 -116 -120 -124 -128 -132

-104
f1 (ppm)

-96 -98 -100

-92 -3¢

-850

2 -T4 -T6 -

0 =

36 /59



(>

C4Fg

3t

10070 ——

ooy
< 0
Mmoo
IS IS SN

¥9T”
62E"
LEE"
9ve”
€8¢E”
(420

oo o
o oo w@
S KNl
[ e e e e e e e e e

ppm

EL°GP

EEEG ——_
L8'€ES —

.

e
ZELL
59°821
107621
96621 ——
90°ZET ——_
BETEET —
69" EE€T
mm.mﬁ\

T T T T T T T T
115 100 95

130

135

45 ppm

85 80 75 70 65 60 55 50

20

110 105

125 120

37/59



89€°¥Z 1~
£9E'¥EI~
95E ¥~
SPE'PEl—

090021~
¥E0 024~
12002L—
S10°02 1~
800°02}—
866611~
066641~
vI66LI-
€966~
956'6L1—
9e6'6LI—

v2E901-
162901~ Wl
652901

Fad
9lL1g- Wl
060° 18~

ppm

-80 -85 -90 -95 -100 -105 -110 -115 -120

-75

00— _—

(W

F

({7

— MVE_.A
>S5
o™
™
LL
O]
N
LL
O]
N
LL
o
Z—= —
E —— = Ei

0.0

5

1.0

4.0

5.0

5.

6.0

f1 (ppm)

38 /59



123,82

39/59

T T T T T T T T T T T T T T T T T T T T T T T
35 ~40 ~45 -50 ~60 65 -70 e -80 -85 ~90 -85  -100 105 110 115 120 125 130 I35 140 145 150 1!
1 (ppm)
S Z
€ =
I
|
1
|
1
A A PO PRRT " ™
o
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 5 iy 65 60 ah a0
f1 (ppm)



00070 ——

816"
926 °
0eg6”
GE6 "
(440
TLs”
6LG”
F8S°
886"
965"

MO NN NN

0sz"
0 z8z"
L 88z"
(@] 3] o5Z"
€62

_l_l _pku 96T "
667"

€0€E"
Z—= 908"

/ Lge”

N Z6e”
H “ 96€"

[ e e il ol ol o o

13
a
a
=
= L6 9LT—
856°9LT—
0
o
Q
-
n
-
<
o~
w
o
o =X 00°F
@
s
™ =10"F
e
<
w
<
Q
n
w
wn
S
©
8ZE L
0 60E L
0
<
~
61
mm.H
n =162

——

——

T
-80

-70

—60

-180 ppm

-100 -110 -120 -130 -140 -150 -160 -170

-90

-50

40 /59



Le"

98"

89"
00"
(45

<9

L

135

50 ppm

126 120 115 110 105 100 95 90 8 80 75 70 65 60 55

130

140

000"

ZL6”
786"
966"
S6T"
LozZ*
612"
06S°
866G°
€09°
L09"
619°
268"
006"
S06°
L16"

65¢C°
Tve”
0s€”
6G€°
99¢"
06¢€”
6c”
86€°
207 °
90%°
0T® "
STH”

0

MOMHOMOOMOMOMOOMOMOONNN

(ot ol el ol ol ol ol ot ol ol

L

3.0

s

20 15 10 05  ppm

25

=.00"F
=1I1°0
Ir

=J¥o'v
=Z1°0

65 60 55 50 45

7.0

—S6°1
0 =NT652

8.0

41/59



16¢€”
1440
9€e"
cie”
€82
9Lz
0se"
Zre”
TEE"
12e”
g1€”
Loe-
Lez”
88Z°
082"
€LT”
192"
vsz”
95%°

6€9°
€09°
896"

921-
921-
921~
9z1-
921
9ZT-
121~
121~
121-
12T~
TeT-
121-
12T
121~
121~
TeT-
21—
21—
6T1—

90T~
90T~
90T~

Zr8°08-
918708~
06L°08-

W

V

-80 -85 -90 -95 -100 -105 -110 -115 -120 =125 ppm

-75

81"

86"

L9”

og’

oL*
¥6°
L
98"
66°
92"
€8

4]

821
87T —=

t62T —

TET —

peT
6T —>=

geT—"

J

AL

135

ppm

125 120 115 110 105 100 95 90 8 80 75 70 65 60 55

130

140

42 /59



RFRFRFRF
F

N FFFEFE £ F

3x

0.000

-
o
T T T T T T T T T T T
8.0 7.5 7.0 6.5 6.0 5.5 5.0 4.5 4.0 3.5 3.0
1 (ppm)

]
1
|
|
I
e " J
T T T T T T T T T T T T T T T T T T T T
50 145 140 135 130 125 120 115 110 105 100 85 90 85 80 A 0 65 60 b5l
1 (ppm)

43 /59



L

T T T T T T T T T T T T T T
7 82 -84 86 -8B

~104 -108 -112 ~116 -120 -124 -128 —132

1 (ppm)

-850 -92 94 96 98 100

-8 80

74 -

02

E0070-
She”
LSE "
296"
€LE”
aL6”"
786"
S66 "
L80"
zotT”
ETT”
LTT”
0ET"
619"
PES”
99"
8v9 "
G659
0L9"
LLS”
169"
8LT"
G8T"
061"
S6T"
[
108"
808"
£18"
L18"
28"

OO A A A A A A A A A O D00 000

CF,CF,CF,CF3 45

29z L

WA T N

J

e

0.0 ppm

6.0 5.5 5.0 4.5 4.0 3.5 3.0 2.5 2.0 1.5 1.0 0.5

6.5

44 /59



666'EC—
£66'621~
9L6'8Th~
256821~
CHE'ECh~
GE6'82h-
826'6CH~
LIBECI

625021~
105021~
9L¥ 02—
L9702 1~
PA AR

25¥'0Z 1~
CEP'OTI-
L0¥°02h—

255801~
25804~
c6v'801-

wn_.,—wlm

ppm

-75 -80 -85 -90 -95 -100 -105 -110 -115 -120 -125

-70

700~

P8 L
Z8°0T

£6°FS

T1°399

8979¢L
00°LL
QZ°LL
TETLL

617 LT
mv.p:W
0L LBT

"

150 140 130 120 110 100 920 80 70 60 50 40 3.0 20 10 ppm

160

45 /59



910°0—

w8 L—

ol

e

Fre
Fest

Fun

4.0
f1 (ppm)

4.5

116 -120 124 -128 132

112

100

98

-86

78

76

f1 (ppm)

46 / 59



21—

N

ad

Y

90

110

120

T
130

140

T
150

T
160

170

f1 (ppm)

000°0

1967
086"
866"
65"
119"
0g9”
6%9°
699°
L89"
6ET”
€SV°
657"
Fov”
6L7"
616"
LZ6"
Te6”
9¢6 "
€76°
608"
918"
128
see”
£€g”

MO NNNNNNNNNNA A A A A OO O

R FFRF
F

/ L9z L

I

4.0

3.0 2.5 2.0 1.5 1.0 0.5 0.0 ppm

3.5

7.0 6.5 6.0 5.5 5.0 4.5

75

— e

=00"F

47 /59



Le'rt

82761

£€0°0¢€

Z20°SS

66769

L9°9L
66°9L

627 FST
FSTPST
6L FST

~_

bewabeselingii

ppm

140 130 120 110 100 90 80 70 60 50 40 30 20

150

606"

vel-
BLY WZT-
VST TET-
€FT 12T~
€997 111~
TES TTIT-
009°TT1-
T5T1°18
QgL 18

—

—

—

——

ppm

-85 -90 -95 -100 -105 -110 -115 -120 -125

-80

48 /59



0000

82679
T€6°9
L?679
§96°9
L9679
TZ0°L
070" L
ZTT L
PET"L
syl
67T L
€927L
99Z°L
78T L
£9€°L
LLe L
Z8€°L
Z29% 7L
78F "L
9ES L
6EGTL
8PS L
£€GG"L
8GC"L
[4=1-r

0.0 ppm

0.5

1.0

49 /59



LETETIT ——a_
BSUETT==""""

20zt

9T°L2T

91621
Nm.mﬁ/
»m.mﬁ/
LL*BReT—~—__"
£6°621 —
257 06T ——
687 06T —__
pm.ﬁmﬂx
mm.HMMu\

26 TET

SL°CHT

IS

110 ppm

135 130 125 120 115

140

689"

£€8T"
90e”
z0L
899
¥e9

01t —
80T

“LOT-
“LOT- WI
“LOT-

0T 18-
980° 18-
6L0° 18-
260" 18-
¥20° 18~
LTO" 18-
06608~
0L6°08-
796 °08-
8S6°08-

ppm

-80 -85 -90 -95 -100 -105 -110 -115 -120

-75

50/59



000°0 —

TL6°
€86°
886"
G66°
Tee”
€€T”
LET”
sve”
€09°
T19°
919"
029"
829"
£€88°
T68°
S68°
668"
806"

OOMOOOMMOOMOMMOOONNNN

7a

3

092 L
LOV "L

s
O
z— LT L
AIN\
o)

_M

2.0 15 1.0 0.5 ppm

25

6.5 6.0 5.5 5.0 45 4.0 3.5

7.0

=88

0Z*

Lo*

L’

ve

14

99

Gl
i

BT~

ey ———
6ET—
*TET

"GET
T9ET —X=

9ET ——=
.mil\u

.

135

T

125

T

130

ppm

51/59



pSL*99-

85V°99-

L

ppm

-67.2

-67.0

-66.8

-66.6

-66.4

-66.2

-66.0

NC

0000—

S66Z-
100€ —_

610

629°€:
169 e e
Z°E

¥59'E:

vz L—
8S5°L
8IS'L —_—
seLL
.NEW. =
oWLL

Ml:: v

T

Fis
Fr61

L0

3.5

1.0

1 (ppm)

52 /59



—136.299
—132.579
—129.456

—117.857
—113849

£
N

77.347
77.029
76.711
—65.950
—54.304

1 |
|
| i | ‘
— . o
60 150 145 140 135 130 125 120 115 110 105 100 95 90 85 80 70 60 55 50 15 10
f1 (ppm)
=
8
8
i
5 10 15 20 25 30 35 10 45 50 55 60 70 75 80 85 90 95 100 105 110 115 120 126

65
£1 (ppm)

53 /59



0000—

169
8169
£26'9

Z— SE6'9
1469
p 966'9
020,

S92 L~

S8E'L~N_

'L

EEBL~.
5882~

H,CO

— Fass
00 €

——— 880

W.,.a 1
LE°0

Fes

1 (ppm)

L2V~
BLZSS—

LPL'99—

[N
ooe 11/

8IZviL—

WwzezL—

S08'62L—
9002€L—

59991
266'9€1

8LELEL
vvunn—“

¥05'09L—

1 (ppm)

54 /59



—-58 648
—-66.803

1
T T T T T T T T T T T T T T T T
20 25 30 35 10 50 55 60 65 70 75 80 85 90 95
(ppa)
N. N
|
i 1
|
|
|
i1
1
J
8
T T T T T T T T T T T T T
5.0 7.0 6.5 (A4 5.0 4.5 3.0 2.5 20 1.5 1.0 05 0.0




T
=3

T
=40

T
-45

T
=50

T
59

T
60

T T
-65 =70
1 (pomd

£6. 414

T
=Kl

T
-85

T
=90

-495

T T T T T
=100 =105 =110 =115 =120

T
=130

—=0. 015

56 / 59



o 0-—

Cl
Cl

—— Mla: T

\J oo

- E660
= plid

16 99—

T
=50

T
-35 -40 -15

-30

T
~25

f1 (ppm)

57 /59



170316-4788-JH-C-2CL

Sans Top 2§ ~
SSEP I k
T T T T T T T T T T T T T T T T T T
190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 0 ppm
(0]
CF,CF,CF,CF,
HsC 9
R b
1 1
|
0]
i .
x.IS x.'o T.’ﬁ T.'O li.‘ﬁ li‘ﬂ 5_':'1 5.‘0 I_’S l_l() 1!.‘5 1{‘() 2.‘5 .2.‘0 l.'(l 0,’5 0.‘0

1 (ppm)

58 /59



170606

170606-216-shui jie

80. 886
80.913
80. 940

s
1
e " A
T T T T T T T T T T T T T
-70 -75 -80 -85 -90 -95 -100 -105 -110 -115 -120 -125 -130
1 (ppm)
i
!
|
| J a
T T T T T T T T T T T T T T T T T T
170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10
1 (ppm)

180

59/59



