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1. General methods.

All experiments were carried out under dry Nitrogen atmosphere using standard Schlenk
techniques or in a glove-box. Deuterated solvents used for NMR were dried and distilled prior to
use. 'H, 13C, F and 3'P NMR spectra were recorded a Bruker AscendTm 400 spectrometer at
ambient temperature unless otherwise stated. The chemical shifts of the 'H and '3C NMR spectra
were referenced to tetramethylsilane; the 3'P NMR spectra were referenced to an external 85%
H3;PO,4 solution. Coupling constants are in Hz. Elemental analysis was performed by the
Analytical Center of the University of Science and Technology of China. X-ray Diffraction data
were collected at 298 (2) K on a Bruker Smart CCD area detector with graphite-monochromated
Cu Ko radiation (A = 1.54178 A). Molecular weight and molecular weight distribution of the
polymer were determined by gel permeation chromatography (GPC) with a PL 210 equipped
with one Shodex AT-803S and two Shodex AT-806MS columns at 140 °C using o-
dichlorobenzene as a solvent, and the calibration was made using polystyrene standard and are
corrected for linear polyethylene by universal calibration using the Mark—Houwink parameters
of Rudin: K =1.75 x 102 cm?/g and R = 0.67 for polystyrene and K =5.90 x 102 cm’/g and R =
0.69 for polyethylene. Dichloromethane, THF, and hexanes were purified by solvent purification

systems. L-OMe, Ni-OMe and L-H were prepared using literature procedure. -2



Preparation of Ligand L-OiPr. Anhydrous benzenesulfonic acid (1.58 g, 10.0 mmol) was
dissolved in dry THF (100 mL) under nitrogen and cooled to 0 °C. "BuLi (2.5 M in hexane, 8 mL,
20.0 mmol) was added dropwise. The resulting red solution was stirred for 1.0 h at room
temperature. The above solution was added slowly to the solution of PhPCl,(1.36 mL, 10.0
mmol) in 50 mL THF at -78 °C. The mixture was stirred for another 2 h at room temperature.
The solution of (2', 6'-diisopropoxy-[1,1'-biphenyl]-2-yl)lithium (10.0 mmol) was added to the
above solution. The mixture was stirred for another 24 h at room temperature. The resulting
mixture was evaporated to dryness under vacuum and acidified using 3 mL of concentrated HCI
in 60 mL of water. The aqueous phase was extracted with dichloromethane (100 x 2 mL). The
organic phases were combined, dried over MgSO,, and filtered. The filtrate was evaporated to
dryness under vacuum. The residue was washed with diethyl ether to yield a white solid (2.9 g,
56%). '"H NMR (CD,Cl,, 400 MHz): 6 8.17 (1H), 7.79-7.76 (m, 2H), 7.48 (br, 0.5H, PH),7.66 (m,
1H), 7.52-7.44 (m, 7H), 7.36-7.23 (m, 3H), 4.58 (1H), 4.32 (1H), 1.36-0.93 (m,12H). *C NMR
(CD,Cl,,100 MHz): 8 156.1 (s), 155.0 (s), 152.7 (d, Jpc = 9.0 Hz), 142.4 (d, Jpc = 10.0 Hz),
135.0 (d, Jpc= 10.0 Hz), 134.7 (d, Jpc = 15.0 Hz), 134.6 (s), 133.8 (d, Jpc= 3.0 Hz), 133.6 (d,
Jpc="7.0 Hz), 133.5 (s), 132.6 (d, Jpc= 12.0 Hz), 131.0 (s), 129.1(d, Jpc= 11.0 Hz), 129.3 (d, Jpc
=14.0 Hz), 128.4 (d, Jpc= 9.0 Hz), 127.7 (d, Jpc= 12.0 Hz), 120.4 (s), 119.8 (s), 119.5 (s), 118.9
(s), 116.6 (d, Jpc= 6.0 Hz), 113.3 (s), 112.3 (s), 106.2 (d, Jpc= 5.0 Hz), 70.7 (d, Jpc= 1.0 Hz),
22.4 (s). 21.5(d, Jpc= 8.0 Hz), 21.3 (s). *'P NMR (CD,Cl,, 162 MHz): 5 0.6.

Preparation of Ligand L-F. Similar procedure as above was employed except (2', 6'-
difluoro-[1, 1'-biphenyl]-2-yl)lithium (10.0 mmol) was used. L-F. was obtained as a light white
solid (2.8 g, 62%). '"H NMR (CD,Cl,, 400 MHz): 6 8.17-8.14 (m, 1H), 7.88-7.84 (m, 1H), 7.80-
7.76 (m, 1H), 7.73-7.69 (m, 1H), 7.68-7.62 (m, 1H), 7.58-7.30 (m, 8H), 7.24-7.19 (m, 1H), 5.45
(br, 1H). 3C NMR (100 MHz, d®-DMSO): 6 160.8 (d, Jpc = 8.0 Hz), 160.4 (d, Jpc = 6.0 Hz),
158.3 (d, Jpc= 7.0 Hz), 157.9 (d, Jpc = 7.0 Hz), 150.9 (d, Jpc= 6.0 Hz), 140.2 (d, Jpc= 19.0 Hz),
138.8 (d, Jpc = 15.0 Hz) (s), 134.6 (s), 134.5 (s), 134.3 (s), 134.2 (s), 133.3 (s), 133.2 (s), 133.0
(s), 132.9 (s), 130.8 (d, Jpc= 3.0 Hz), 129.9 (t), 128.9 (s), 128.3 (s), 128.2 (s), 127.8 (1), 127.3 (d,
Jpc=4.0 Hz), 117.7 (td), 112.2 (dd). '°F NMR (CD,Cl,, 376 MHz): 6 -110.2 (J = 3.8 Hz), -110.7
(J/ =3.8 Hz). 3'P NMR (CD,Cl,, 162 MHz): § 1.5.
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Preparation of catalyst Ni-O'Pr. A 100 mL Schlenk flask was charged with L-OiPr (534
mg, 1.0 mmol), NaH (29 mg, 1.2 mmol) and 20 mL THF. After stirring for 12 h at room
temperature, the yellow solution was filtrated and evaporated. Then the residual was dissolved in
20 mL CH,Cl,, a solution of (PPh;3),NiPhCl (694 mg, 1.0 mmol) in 20 mL of CH,Cl, was added
to the mixture and stirred for another 12 h. The resulting mixture was filtered through Celite. The
filtrate was dried under vacuum to get a yellow powder. The powder was washed with a 2:1
mixture of hexane and toluene. Ni-O'Pr was obtained as a yellow solid (670 mg, 72%). '"H NMR
(CDCl;, 400 MHz): & 7.82-7.78 (m, 2H), 7.69-7.66 (m, 2H), 7.53-7.45 (m, 2H), 7.35-7.27(m,
13H), 7.16-7.11 (m, 6H), 7.03-6.87 (m, 4H), 4.47-4.41 (m, 1H), 4.10-4.04 (m, 1H), 1.25 (d, Jpy=
8 Hz, 3H), 1.05 (d, Juy = 4 Hz, 3H), 1.02 (d, Juxz = 4 Hz, 3H), 0.95 (d, Jpz = 8 Hz, 3H). 13C
NMR (100 MHz, CDCls): 6 157.2 (s), 147.1 (d, Jpc = 14.0 Hz), 141.4 (d, Jpc = 14.0 Hz), 140.3
(), 139.7 (s), 139.5 (t), 139.3 (d, Jpc = 2.0 Hz), 139.0 (s), 136.0 (d, Jpc = 9.0 Hz), 135.2 (d, Jpc =
10.0 Hz), 134.0 (d, Jpc = 8.0 Hz), 133.2 (s), 132.7 (s), 132.5 (s), 130.4 (d, Jpc = 2.0 Hz), 130.3 (d,
Jpc = 2.0 Hz), 130.1 (t), 129.3 (d, Jpc = 5.0 Hz), 128.9 (s), 128.7 (t), 128.4 (d, Jpc = 10.0 Hz),
128.2 (d, Jpc = 11.0 Hz), 126.8 (d, Jpc = 6.0 Hz), 126.2 (s), 125.5 (d, Jpc = 9.0 Hz), 124.9 (s),
122.8 (d, Jpc = 3.0 Hz), 121.9 (s), 110.2 (s), 104.4 (s), 106.7 (s), 73.8 (s), 70.6 (s), 24.1 (s), 23.2
(s), 22.3 (s), 21.9 (s). 3'P NMR (CDCl;, 162 MHz): 8 10.7 (d, Jpp = 283 Hz), -0.7 (d, Jpp = 283
Hz, PPh3). Anal. Calcd forCs,H;50NiOsP,S: C, 69. 61; H, 5.41; Found: C, 69.90; H, 5.53.

Preparation of catalyst Ni-F. Similar procedure was employed to the above method except
L-F (454 mg, 1.0 mmol) was used. Ni-F was obtained as a bright yellow solid (645 mg, 76%).
'"H NMR (400 MHz, CDCl3) 6 8.24 (br, 2H), 7.53 (m, 7H), 7.45 - 7.27 (m, 15H), 7.11 (m, 2H),
7.03 - 6.96 (m, 1H), 6.94 - 6.84 (m, 2H), 6.59 (d, J = 8.0 Hz, 1H), 6.47 (d, J = 8.0 Hz, 1H), 6.36
(d, /= 8.0 Hz, 1H), 6.32 - 6.15 (m, 3H), 6.04 (t, J= 8.0 Hz, 1H). 3'P NMR (CDCl;, 162 MHz): §
13.8 (d, Jpp = 279 Hz), -2.0 (dd, Jpp = 279 Hz, Jpr = 16 Hz, PPh;). Anal. Calcd for
C43H36FoNi1OsP,S: C, 67. 71 ; H, 4.26; Found: C, 67.88; H, 4.35.

Preparation of catalyst Ni-H. Similar procedure was employed to the above method
except L-H (418 mg, 1.0 mmol) was used. Ni-H was obtained as a bright yellow solid (651 mg,
80%). 'H NMR (400 MHz, CDCl3) 6 7.95 (br, 2H), 7.73 - 7.63 (m, 3H), 7.42 - 7.35 (m, 6H),
7.35-7.21 (m, 14H), 7.17 - 7.05 (m, 4H), 6.99 (d, J = 8.0 Hz, 2H), 6.80 (t, /= 8.0 Hz, 1H), 6.73



(d, J=8.0 Hz, 1H), 6.37 (t, J= 8.0 Hz, 1H), 6.32 - 6.26 (m, 2H), 6.20 (d, /= 8.0 Hz, 1H), 5.92 (t,
J=8.0 Hz, 1H). 3C NMR (100 MHz, CDCl;): 6 147.0 (d, Jpc= 11.0 Hz), 135.1 (d, Jpc= 5.0 Hz),
134.9 (d, Jpc= 10.0 Hz), 134.4 (s), 134.2 (s), 132.3 (d, Jpc= 7.0 Hz), 130.9 (s), 130.7 (s), 130.5
(d, Jpc= 2.0 Hz), 130.4 (d, Jpc= 2.0 Hz), 130.2 (d, Jpc= 2.0 Hz), 130.0 (s), 129.8 (s), 129.7 (s),
129.3 (s), 129.0 (s), 128.9 (s), 128.7 (d, Jpc = 10.0 Hz), 128.5 (s), 128.4 (s), 127.3 (d, Jpc= 7.0
Hz), 126.8 (d, Jpc= 8.0 Hz), 126.6 (d, Jpc= 6.0 Hz), 122.1 (s). *'P NMR (CDCl;, 162 MHz): $
14.7 (d, Jpp = 279 Hz), -0.6 (d, Jpp = 279 Hz, PPh;). Anal. Calcd for C4sH;5NiO;P,S: C, 70. 69;
H, 4.70; Found: C, 70.91; H, 4.83.

Procedure for ethylene homopolymerization. In a typical experiment, a 350 mL glass
thick-walled pressure vessel was charged with 48 mL toluene and a magnetic stir bar in the
glovebox. The pressure vessel was connected to a high pressure line and the solution was
degassed. The vessel was warmed to 80 °C using an oil bath (water bath for the case of
polymerization at room temperature) and allowed to equilibrate for 15 min. Desired amount of
Ni complex in 2 mL CH,Cl, was injected into the polymerization system via syringe. With rapid
stirring, the reactor was pressurized and maintained at 8.0 atm of ethylene. After desired amount
of time, the pressure vessel was vented and the polymer was precipitated in acidified methanol
(methanol/HCI = 50/1) and dried at 50 °C for 24 h under vacuum.

Procedure for ethylene and NB-polar monomer copolymerization. In a typical
experiment, a 350 mL glass thick-walled pressure vessel was charged with toluene and NB-polar
monomer in total 18 mL and a magnetic stir bar in the glovebox. The pressure vessel was
connected to a high pressure line and the solution was degassed. The vessel was warmed to 80 °C
using an oil bath and allowed to equilibrate for 15 min. 20 umol of Ni complex in 2 mL CH,Cl,
was injected into the polymerization system via syringe. With rapid stirring, the reactor was
pressurized and maintained at 8.0 atm of ethylene. After 1 h, the pressure vessel was vented and
the polymer was precipitated in acidified methanol (methanol/HCl = 50/1) and dried at 50 °C for

24 h under vacuum.



2. NMR figures of ligand L and catalyst Ni.
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Figure S1. Comparison of 3'P NMR spectrums (162 MHz, CDCIl;): (a) Ni-Lut (contains a little
bit of impurityx); (b) When Ni-Lut was added leq. PPh; for 1h at room temperature, new

complex Ni-MePPh; pruduced.
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Figure S2. 'H NMR spectrum (400 MHz, CD,Cl,) of L-OPr.
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Figure S3. 3'P NMR spectrum (162 MHz, CD,Cl,) of L-OPr.
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Figure S4. 13C NMR spectrum (100 MHz, CD,Cl,) of L-OPr.
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Figure S5. 'TH NMR spectrum (400 MHz, CD,Cl,) of L-F.
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Figure S6. *'P NMR spectrum (162 MHz, CD,Cl,) of L-F.
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Figure S7."°F NMR spectrum (376 MHz, CD,Cl,) of L-F.
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Figure S8. '*C NMR spectrum (100 MHz, d-DMSO) of L-F.
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Figure S9.'"H NMR spectrum (400 MHz, CDCl3) of Ni-OPr.
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Figure S10. 3'P NMR spectrum (162 MHz, CDCl;) of Ni-OPr.
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Figure S11. 3C NMR spectrum (100 MHz, CDCl;) of Ni-O'Pr.
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Figure S12. '"H NMR spectrum (400 MHz, CDCl;) of Ni-F (x is hexane).



N9 ooy
O ~N DO
TO S
bt i e Tl )
v L

mmmmmmmmmmm

10 90 80 70 50 40 SD ZD WD 0 10 —ZD SD 40 —50 -60 —?D —80 90 110 —130 -150

Flgure S13. 3P NMR spectrum (162 MHz, CDCls) of Ni-F.

- <
-~
© N
S o
(.

-106
1 (ppm)

Figure S14.'°F NMR spectrum (376 MHz, CDC]l;) of Ni-F.



Bl e I
QO wWwo o™ o QQ
88833338 8888

'\__l_/*\—/k
B— )
Nmr.01—q-1—1—1— -

1.5 8.0 75 70 65 60 55 50 15 10 05 0.

Figure S15. '"H NMR spectrum (400 MHZ CDC13) of N1-H (= 1s hexane).

e e
Ge S
el
NN
T A T A O
T T T T T — — — —
140 120 100 80 60 40 20 0 -20 -40 -60 -80 -100 -130 -160 -190 -220

fI (ppm)

Figure S16. 3'P NMR spectrum (162 MHz, CDCI;) of Ni-H.
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Figure S17. 3C NMR spectrum (100 MHz, CDCl;) of Ni-H.
3. NMR figures of (co)polymers?>.
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Figure S18. '"H NMR spectrum (400 MHz, C,D,Cly, 120°C) of polymer (table 1, entry 3)
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Figure S19. 3C NMR spectrum (100 MHz, C,D,Cly, 120°C) of polymer (table 1, entry 3).
The degree of branching B=[1/total (integrated area)] =(1/4430.3) * 1000 =0.23.
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Figure S20. '"H NMR spectrum (400 MHz, C,D,Cly, 120°C) of polymer (table 1, entry 7).
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Figure S21. 3C NMR spectrum (100 MHz, C,D,Cly, 120°C) of polymer (table 1, entry 7).
The degree of branching B=[1/total (integrated area)] =(1/81.02) * 1000 =12.3.
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Figure S22. 3C NMR spectrum (400 MHz, C,D,Cly, 120°C) of copolymer (table 2, entryl).
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Figure S24. '"H NMR spectrum (400 MHz, C,D,Cl,, 120°C) of copolymer (table 2, entry 4).
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Figure S25. '"H NMR spectrum (400 MHz, C,D,Cly, 120°C) of copolymer (table 2, entry 5).
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Figure S26. '"H NMR spectrum (400 MHz, C,D,Cly, 120°C) of copolymer (table 2, entry 6).
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Figure S27. '"H NMR spectrum (400 MHz, C,D,Cly, 120°C) of copolymer (table 2, entry 7).
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Figure S28. '"H NMR spectrum (400 MHz, C,D,Cly, 120°C) of copolymer (table 2, entry 8).



4. GPC traces and DSC data of (co)polymers.
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Figure S29. GPC trace of the polymer (table 1, entry 1).
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Figure S30. GPC trace of the polymer (table 1, entry 2).
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Figure S31. GPC trace of the polymer (table 1, entry 3).
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Figure S32. GPC trace of the polymer (table 1, entry 4).
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Figure S33. GPC trace of the polymer (table 1, entry 12).
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Figure S34. GPC trace of the polymer (table 1, entry 13).
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Figure S35. GPC trace of the polymer (table 1, entry 14).
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Figure S36. GPC trace of the copolymer (table 2, entry 2).
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Figure S37. GPC trace of the copolymer (table 2, entry 4).
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Figure S38. GPC trace of the copolymer (table 2, entry 6).
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Figure S39. GPC trace of the copolymer (table 2, entry 8).
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Figure S40. DSC data of the polymer (table 1, entry 1).
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Figure S41. DSC data of the polymer (table 1, entry 2).
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Figure S42. DSC data of the polymer (table 1, entry 3).
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Figure S43. DSC data of the polymer (table 1, entry 4).
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6. X-ray Crystallography.

Table S1. Crystal data and structure refinement for Ni-O'Pr.

Identification code Ni-O'Pr
Empirical formula Cs4H50N105P,S
Formula weight 931.65
Temperature/K 293
Crystal system Monoclinic
Space group P2(1)/c
a/A 20.5636(16)
b/A 12.4414(7)
c/A 20.1995(14)
a/° 90
pB/° 113.317(3)
v/° 90
Volume/A3 4745.8(6)
Z 4
Pealcg/cm’ 1.304
wmm-! 2.014
F(000) 1952
Crystal size/mm? 0.18 x 0.10 x 0.05
Radiation CuKa (A =1.54178)

20 range for data collection/®

8.52t0 132.10

Index ranges

-22<h<24,-8<k<14,-23<1<22

Reflections collected 16945
Independent reflections  |8272 [Rint = 0.0718, Rsigma = 0.1114]
Data/restraints/parameters 8272/0/594
Goodness-of-fit on F? 1.053

Final R indexes [[>=2c (I)]

R1=0.0655, wR2 =10.1367

Final R indexes [all data]

R1=10.1367, wR2=10.1570




Table S2. Crystal data and structure refinement for Ni-F.

Identification code Ni-F
Empirical formula Cy4s H36 F, Ni O3 P, S
Formula weight 851.48
Temperature/K 293 K
Crystal system Triclinic
Space group P-1
a/A 11.0856(7)
b/A 12.1478(9)
c/A 17.3866(10)
a/° 87.173(5)
p/e 74.800(5)
v/° 62.917(7)
Volume/A3 2005.0(2)
Z 2
Pealcg/cm’ 1.410
wmm-! 2.368
F(000) 880
Crystal size/mm? 0.11 x 0.10x 0.06
Radiation CuKa (A =1.54178)

20 range for data collection/°

8.20 to 132.06

Index ranges

Reflections collected 12166
Independent reflections 6978 [Rin = 0.0464, Rigma = 0.0878]
Data/restraints/parameters 6978/0/514
Goodness-of-fit on F? 11.016

Final R indexes [[>=2c (I)]

R1=0.0531, wR2 = 0.0830

Final R indexes [all data]

R1=0.0844, wR2 =0.0934

-13<h<13,-13<k<14,-18<1<20




Table S3. Crystal data and structure refinement for Ni-H.

Identification code Ni-H
Empirical formula CogHgoCI4Ni,O6P4S,
Formula weight 1800.84
Temperature/K 298 K
Crystal system Monoclinic
Space group P2(1)/c
a/A 11.0906(10)
b/A 18.6539(12)
c/A 21.9850(18)
a/° 90.00
p/e 114.088(3)
v/° 90.00
Volume/A3 4152.3(6)
Z 2
Pealcg/cm’ 1.440
wmm-! 3.402
F(000) 1864
Crystal size/mm? 0.12x 0.08x 0.04
Radiation CuKa (A =1.54178)

20 range for data collection/°

6.46 to 132.08

Index ranges

-13<h<13,-22<k<16,-26<1<21

Reflections collected 14900
Independent reflections 7239 [Rin = 0.0572, Rgigma = 0.0881]
Data/restraints/parameters 7239/0/533
Goodness-of-fit on F? 1.008

Final R indexes [[>=2c (I)]

R1=0.0579, wR2 =0.1260

Final R indexes [all data]

R1=0.1013, wR2 =0.1468




