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1. Experimental sections

1.1 General Considerations

All chemicals were commercially sourced, except those whose synthesis is described.
All experiments were carried out under a 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, '*C NMR spectra were recorded by a INM-ECZ600R or
JNM-ECZA400R spectrometer at ambient temperature unless otherwise stated. The
chemical shifts of the '"H and 13C NMR spectra were referenced to the residual solvent;
Coupling constants are in Hz. Mass spectra were obtained by the Analytical Center of
Anhui University. Elemental analysis was performed by the Analytical Center of
Anhui University. X-ray Diffraction data were collected at 298(2) K on a Bruker
Smart CCD area detector with graphite-monochromated Mo K¢ radiation (A =
0.71073 A). Molecular weight and molecular weight distribution of the polymers

were determined by gel permeation chromatography (GPC) with a PL 210 equipped



with one Shodex AT-803S and two Shodex AT-806MS columns at 150 °C using
trichlorobenzene as a solvent and calibrated with polystyrene standards. Stress/strain
experiments were performed at 10 mm/min by means of a Universal Test Machine
(UTM2502) at room temperature. Polymers were melt-pressed at 50 °C above their
melting point to obtain the test specimens. The test specimens have 14-mm gauge
length, 2-mm width, and thickness of 0.5 mm. Differential scanning calorimetry (DSC)
was performed by a DSC Q25 from TA Instruments. Samples were quickly heated to
150°C and kept for 5 min to remove thermal history, then cooled to -70°C at a rate of
10 K/min, and finally reheated to 150°C at the same rate under a nitrogen flow (50
mL/min). The maximum points endotherm (heating scan) were taken as the melting

temperature (7).

1.2 Procedure for the Synthesis of Ligands L1-L2.
NH, Ph NH, Ph
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These compounds were synthesized by the reported literature. !

NH, Ph

>/ \< PTSA toluene Ph"'
120 °C
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A mixture of aniline (4.2 mmol), 2,3-butanedione (0.172 g, 2 mmol), and a catalytic

. 'Ph
Ph

amount of p-toluenesulfonic acid in 20 mL toluene was refluxed for 72 h. The
solution was evaporated at reduced pressure, and the remaining solution was diluted
in ethanol (20 mL). The yellow solid was isolated by filtration, followed by

recrystallization from dichloromethane and ethanol.
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L1 (1.33 g, 68%). 'H NMR (400 MHz, CDCl3) 8 7.15 - 6.97 (m, 24H, Ar-H), 6.93 (d,
J="17.1 Hz, 4H, Ar-H), 6.83 (dd, J = 16.6, 7.7 Hz, 12H, Ar-H), 6.19 (s, 2H, Ar-H),
5.38 (s, 2H, -CH-), 5.19 (s, 2H, -CH-), 2.62 (dd, J = 26.9, 7.1 Hz, 4H, -CH,-), 2.44
(dd, J = 16.4, 10.1 Hz, 2H, -CH,-), 2.40-2.29 (m, 2H, -CH;-), 1.99 - 1.86 (m, 4H, -
CH,-), 1.24 (s, 6H, Ar-C(CH3)=N). 3C NMR (101 MHz, CDCl;) 8 167.19 (C=N),
142.41, 141.10, 133.34, 130.15, 129.91, 128.44, 128.29, 128.12, 127.92, 127.20,
127.07, 126.98, 126.81, 124.96, 124.87, 124.75, 53.08 (-CH-), 51.31 (-CH-), 30.60 (-
CH,-), 29.68 (-CH;-), 28.68 (-CH;-), 14.64 (Ar-C(CH;3)=N). APCI-MS (m/z): calcd
for C74HgsN,: 981.5148, Found, 981.5129, [M+H]*.
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L2 (1.21 g, 60%). '"H NMR (400 MHz, CDCl5) 6 7.19 - 6.93 (m, 24H, Ar-H), 6.88 (d,
J=17.0 Hz, 4H, Ar-H), 6.80 (t, J = 6.5 Hz, 8H, Ar-H), 6.74 (d, J = 6.1 Hz, 4H, Ar-H),
6.16 (s, 2H, Ar-H), 5.51 (s, 2H, -CH-), 5.09 (s, 2H, -CH-), 2.67 (d, J = 16.5 Hz, 2H, -
CH,-), 2.41 (d, J=16.8 Hz, 2H, -CH,-), 2.25 (d, J=16.7 Hz, 2H, -CH>-), 1.99 (dd, J
=15.2, 7.3 Hz, 2H, -CH,-), 1.75 (d, J = 5.5 Hz, 4H, -CH,-), 1.55 (s, 4H, -CH,-), 1.18
(s, 6H, Ar-C(CH3)=N). BC NMR (101 MHz, CDCls) 6 168.82 (C=N), 145.69, 144.05,
143.72, 143.33, 142.79, 136.64, 133.94, 129.53, 129.47, 129.26, 129.07, 128.53,
128.24, 128.08, 128.01, 127.80, 126.07, 125.93, 125.85, 125.73, 123.82, 52.59 (-CH-),
52.28 (-CH-), 26.59 (-CH;-), 26.13 (-CH;-), 23.03 (-CH;-), 22.57 (-CH;,-), 15.94 (Ar-
C(CH;3)=N). APCI-MS (m/z): calcd for C;sHgN,: 1009.5461, Found, 1009.5456,
[M+H]".



1.3 Procedure for the Synthesis of Ligands L3-L4.
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he ligands L3-L4 were prepared as follows: ZnCl, (0.34 g, 2.5 mmol) and
acenaphthoquinone (2.0 mmol), were suspended in glacial acetic acid (5 mL).
Anilines (4.2 mmol) was added, and the reaction mixture was refluxed under stirring
for 4 h. The solution was allowed to cool to room temperature, and a bright yellow
solid precipitated. The solid was separated by filtration and washed with acetic acid (3
x 5 mL) and diethyl ether (5 x 5 mL), to remove remaining acetic acid. Drying under
vacuum gave bright yellow, poorly soluble solid. Then the zinc was removed from the
zinc diimine complex. The product of the previous step was suspended in methylene
chloride (30 mL), and a solution of potassium oxalate (0.41 g, 2.2 mmol) in water (5
mL) was added. The reaction mixture was stirred vigorously for 1 h. The two phases
were separated, and the organic layer was washed with water (3 X 20 mL) and dried
with MgSO,. After filtration, the solvent was removed under vacuum to afford the

product as a yellow powder.
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L3 (1.53 g, 71%). 'H NMR (400 MHz, CDCl) 5 7.61 (d, J = 8.2 Hz, 2H, Ar-H), 7.35
-7.22 (m, 8H, Ar-H), 7.21 - 7.11 (m, 10H, Ar-H), 7.10 - 6.98 (m, 12H, Ar-H), 6.92 (d,
J=173Hz, 4H, Ar-H), 6.83 (d, J = 7.5 Hz, 4H, Ar-H), 6.37 (dd, J = 15.8, 8.2 Hz, 4H,
Ar-H), 6.25 (d, J = 7.1 Hz, 2H, Ar-H), 6.11 (t, J = 7.3 Hz, 2H, Ar-H), 5.69 (d, J= 6.7
Hz, 2H, -CH-), 5.57 (d, J = 11.2 Hz, 2H, -CH-), 3.05 - 2.93 (m, 2H, -CH,-), 2.87 -



2.75 (m, 2H, -CH,-), 2.73 - 2.63 (m, 2H, -CH,-), 2.63 - 2.51 (m, 2H, -CH,-), 2.10 -
1.86 (m, 4H, -CH>-). 3C NMR (101 MHz, CDCl;) 8 162.19 (C=N), 144.83, 143.81,
143.31, 143.23, 142.15, 142.06, 139.89, 135.09, 131.58, 129.74, 129.41, 129.20,
129.11, 129.06, 128.17, 128.06, 127.70, 127.13, 126.85, 126.08, 125.99, 125.65,
124.70, 122.34, 54.20 (-CH-), 52.32 (-CH-), 31.71 (-CH;-), 30.31 (-CH,-), 24.73 (-
CH,-). APCI-MS (m/z): caled for Cg,HgsN,: 1077.5148, Found, 1077.5150, [M+H]".
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L4 (1.70 g, 77%). '"H NMR (400 MHz, CDCl3) 6 7.60 (d, J = 8.2 Hz, 2H, Ar-H), 7.32
- 7.19 (m, 8H, Ar-H), 7.16 - 7.05 (m, 12H, Ar-H), 7.01 (d, J = 5.6 Hz, 6H, Ar-H),
6.92 (d, J = 7.3 Hz, 4H, Ar-H), 6.86 - 6.80 (m, 4H, Ar-H), 6.74 (d, J = 7.6 Hz, 4H,
Ar-H), 6.29 (dd, J = 14.6, 6.8 Hz, 6H, Ar-H), 6.08 (t, /= 7.2 Hz, 2H, Ar-H), 5.69 (s,
2H, -CH-), 5.58 (s, 2H, -CH-), 2.98 - 2.84 (m, 2H, -CH,-), 2.70 (t, J = 5.9 Hz, 4H, -
CH,-), 2.50 - 2.33 (m, 2H, -CH,-), 1.86 - 1.77 (m, 2H, -CH>-), 1.74 - 1.63 (m, 4H, -
CH»-), 1.61 - 1.53 (m, 2H, -CH>-). 3C NMR (101 MHz, CDCls) 8 162.84 (C=N),
147.05, 144.23, 143.71, 143.34, 141.76, 139.73, 137.31, 133.80, 129.73, 129.47,
129.34, 129.14, 129.09, 128.16, 128.01, 127.67, 126.98, 126.82, 126.06, 125.90,
125.61, 124.85, 124.70, 122.24, 52.62 (-CH-), 52.25 (-CH-), 26.65 (-CH,-), 25.88 (-
CH;-), 23.07 (-CH,-), 22.57 (-CH,-). APCI-MS (m/z): caled for Cg4HgoN: 1105.5461,
Found, 1105.5443, [M+H]".

1.4 Procedure for the Synthesis of Nickel Complexes Nil-Ni4.

Complexes Nil-Ni4 were synthesized by the reaction of 1 equiv. of (DME)NiBr,
with the corresponding ligands in methylene chloride. The ligand (0.2 mmol) was
added in 5 mL of methylene chloride in a Schlenk tube under a nitrogen atmosphere.

(DME)NiBr; (0.2 mmol, 62 mg) was added to the above solution. The resulting



mixture was stirred at room temperature overnight. The solvent was evaporated under
reduced pressure to afford a solid. The product was washed with 4 x 5 mL diethyl

ether and dried under vacuum.
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Nil (187 mg, 78%). Elem. Anal. Calcd for C;4Hg4Br,N,Ni: C, 74.08; H, 5.38; N, 2.33.
Found: C, 73.99; H, 5.47; N, 2.31.
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Ni2 (184 mg, 75%). Elem. Anal. Calcd for C;¢HgsBr,N,Ni: C, 74.34; H, 5.58; N, 2.28.
Found: C, 74.28; H, 5.64; N, 2.21.
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Ni3 (223 mg, 86%). Elem. Anal. Calcd for Cg,HgyBr,N,Ni: C, 76.00; H, 4.98; N, 2.16.
Found: C, 75.89; H, 4.87; N, 2.08.
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Ni4 (233 mg, 88%). Elem. Anal. Calcd for Cg4HggBr,N,Ni: C, 76.20; H, 5.18; N, 2.12.
Found: C, 76.23; H, 5.26; N, 2.20.

1.5 A general procedure for the homopolymerization of ethylene using Ni(Il)
complexes.

In a typical experiment, a 350 mL stainless pressure reactor connected with a
high pressure gas line was firstly dried at 90 °C under vacuum for at least 1 h. The
reactor was then adjusted to the desired polymerization temperature. 20 mL of toluene
and the desired amount Et,AIC] was added to the reactor under N, atmosphere, then
the 1 umol Ni(Il) catalyst in 1 mL of CH,Cl, was injected into the polymerization
system via syringe. With a rapid stirring, the reactor was pressurized and maintained
at 6 atm of ethylene. After 10 min, the pressure reactor was vented and the polymer

was precipitated in ethanol, filtered and dried at 50 °C for at least 24 h under vacuum.

1.6 A general procedure for the copolymerization of MU with ethylene using
Ni(II) complexes.

In a typical experiment, a 350 mL stainless pressure reactor connected with a
high pressure gas line was firstly dried at 90 °C under vacuum for at least 1 h. The
reactor was then adjusted to the desired polymerization temperature. 18 mL of toluene
and the desired amount MU and Et,AICl was added to the reactor under N,
atmosphere, then 5 umol Ni(Il) catalyst in 1 mL of CH,Cl, was injected into the
polymerization system via syringe. With a rapid stirring, the reactor was pressurized

and maintained at desired pressure of ethylene. After 10 min, the pressure reactor was



vented and the copolymer was precipitated in ethanol, filtered and dried at 50 °C for

at least 24 h under vacuum.

1.7, Table S1. Mechanical properties.”

Ent. Precat. T/°C Strain (%)? Stress (MPa)?
1 Nil 30 338 16.4
2 Nil 50 712 30.5
3 Nil 70 752 29.0
4 Ni2 30 353 20.4
5 Ni2 50 514 28.2
6 Ni2 70 555 20.9
7 Ni3 30 706 24.3
8 Ni3 50 771 21.9
9 Ni3 70 998 30.4
10 Ni4 30 347 14.9
11 Ni4 50 479 19.5
12 Ni4 70 552 17.7

4Conditions: performed at 10 mm/min by means of a Universal Test Machine

(UTM2502) at room temperature (25 °C). ?Strain and stress at break values.

2. Spectra Data

2.1 'H and 3C NMR of the Synthetic Compounds.
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Nov@y2021-nmrsu. 6. fid v~ O O —~ <FH OO N N O~ 00 —~ © >~ 1O
yzp-rzt AN AN FN I NO 0 0~ o0 — [=Nvelvel <t
o~ AN —= g0 OO 0P0 0 I~~~ © O < <H < J . . . .
© H M AN AN NN o) — S O [0 <t
= I et | i el Rl el Sl el S 3 1o e TN —
| NV D BEBESIIERE / < |
/> N\
Phi+- N |N . 'Ph
Ph Ph
.,
Ph
Ph
I
|
! | I gl
“‘; Hh J A tl \‘.‘ ‘.J.‘ ‘\“A‘\“ } H.‘|| Ll “ll 1‘.‘\.\“\4“"‘ Ll Lt i H\Mmdm“ i Hanm L) L\‘A Tl l“,“L.‘lY“\u,.“nHu,_.\,‘ Lk Hu Al
[ | \ ST
170 160 150 140 130 ||120 110 100 90 80 || F0 60 |50 3
f1 (ppm)

Figure S2. 3C NMR spectrum of L1 in CDCl;.
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Figure S4. 3C NMR spectrum of L2 in CDCl;.
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2.2 MS of Ligands L1-L4.
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2.3 'H and 3C NMR of Representative Polymers and Copolymers.
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Figure S13. "H NMR spectrum of the polymer from table 1, entry 1 (d®-toluene, 100
°C).
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Figure S14. 3C NMR spectrum of the polymer from table 1, entry 1 (CDC1,CDCl,,
120 °C).




YZP-3
single_pulse

5.5

ra. 0

4.0

3.5

3.0

r2.5

A L N A\ N

—————— T T T ———— ————— T
029282726 2524232221201.91.81.71.611L.51.41.312111.00.90.807060.50403020.1
f1 (ppm)

Figure S15. '"H NMR spectrum of the polymer from table 1, entry 3 (d3-toluene, 100
°C).
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Figure S16. '"H NMR spectrum of the polymer from table 1, entry 4 (d3-toluene, 100
°C).
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Figure S17. '"H NMR spectrum of the polymer from table 1, entry 6 (d3-toluene, 100
°C).
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Figure S18. '"H NMR spectrum of the polymer from table 1, entry 7 (d3-toluene, 100
°C).
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Figure S19. '"H NMR spectrum of the polymer from table 1, entry 11 (d®-toluene, 100
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Figure S20. '"H NMR spectrum of the E-MU copolymer from table 2, entry 1 (C¢Ds,
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Figure S21. "H NMR spectrum of the E-MU copolymer from table 2, entry 4 (C¢Ds,
75 °C).
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2.4 DSC and GPC of Representative Polymers and Copolymers.
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Figure S23. DSC of the polymer from table 1, entry 1.
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Figure S24. DSC of the polymer from table 1, entry 2.
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Figure S25. DSC of the polymer from table 1, entry 3.
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Figure S26. DSC of the polymer from table 1, entry 4.
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Figure S27. DSC of the polymer from table 1, entry 5.
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Figure S28. DSC of the polymer from table 1, entry 6.
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Figure S29. DSC of the polymer from table 1, entry 7.
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Figure S30. DSC of the polymer from table 1, entry 8.
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Figure S31. DSC of the polymer from table 1, entry 9.
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Figure S32. DSC of the polymer from table 1, entry 10.
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Figure S33. DSC of the polymer from table 1, entry 11.
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Figure S34. DSC of the polymer from table 1, entry 12.



Distribution Plots

14

1.3+ Muiv Lo
1.2+
11+ " 80
Ly 70
09+ Me
= 08 60
o 4
£ o7 s I
-'g 06+ N+ =40 -
05
04 -0
03+ -2
02
i 10
0 T T T T TTTT T T TTTTIT (R R O R 7
100000 166 167 168
MV
MW Averages
Peak No Mp Mn Mw Mz Mz+1 Mv PD

1 1379463 819846 1526361 2495404 3616847 1405547 1.86177

Figure S35. GPC of the polymer from table 1, entry 1.
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Figure S36. GPC of the polymer from table 1, entry 2.
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Figure S37. GPC of the polymer from table 1, entry 3.
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Figure S38. GPC of the polymer from table 1, entry 4.
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Figure S39. GPC of the polymer from table 1, entry 5.
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Figure S40. GPC of the polymer from table 1, entry 6.
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Figure S42. GPC of the polymer from table 1, entry 8.
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Figure S45. GPC of the polymer from table 1, entry 11.
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Figure S48. GPC of the polymer from table 2, entry 2.
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Figure S52. GPC of the polymer from table 2, entry 6.
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Figure S53. GPC of the polymer from table 2, entry 7.
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Figure S54. GPC of the polymer from table 2, entry 8.
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Figure S56. GPC of the polymer from table 2, entry 10.



2.5 Water Contact Angle of Polymer

(a) (b)

Figure S57. Water contact angle of the polyethylene (a) (sample from Table 1, entry
1) and E-MU copolymer (b) (sample from Table 2, entry 4)
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4. X-ray Crystallography.

Table S2 Crystal data and structure refinement for Ni2.
Identification code Ni2




Empirical formula

C77 H70 Br2 C12 N2 Ni

Formula weight 1312.78
Temperature/K 298(2)
Crystal system Monoclinic
Space group P2(1)/c

a/A 15.8351(15)
b/A 23.180(2)
c/A 17.8789(18)
o/° 90.00

pB/° 103.973(4)
y/° 90.00
Volume/A3 6368.3(11)
V4 4

Peatcg/cm’ 1.369
wmm-! 1.689
F(000) 2712

Crystal size/mm3

0.43x0.15x0.12

Radiation

MoK (A = 0.71073)

20 range for data collection/°

2.11 to 25.02

Index ranges

-18<=h<=18, -27<=k<=14, -21<=I<=21

Reflections collected

31023

Independent reflections

11223 [R(int) = 0.0908]

Data/restraints/parameters

11223 /1156 /759

Goodness-of-fit on F?

1.067

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

R1=0.0503, wR2 =0.0757

Final R indexes [all data]

R1=0.1312, wR2 = 0.0843

Largest diff. peak/hole / e A-3

0.569 and -0.670




