Z: 063 BAARIS: 10363
0. AN 2 5 2220620121

4

w g ETETENHIR TR IEE =S
H &R 5T

3
»

@ H The controlled synthesis and structural regulation of

branched polyethylene wax based on the chain walking

mechanism
AR i
Ei=R==d 1IF N
* b =z
Bt 587 ] - B AL A RIS B B

WX RH: 202545 A 10 H






TR IERFZAR SR A

ANFREFEH] . JARSFAARTERE, S22 R RS, AN
IR T, MALBEATAHT T AR TS IR . BROCHh S ERIE AT S - A &5k, A
WA SR H A A N BEEAR 8 R R SR T I (4 dh KSR N2 R SONAR AR
HEES, BXERNERTT, IHFEeFIRBIA R SR R AR K,

mfriplEesy. WG
HH: 2025 £ 5 A 10 H



R TIRR R ALV ST F R A S

RS e 4 T SRR AR L AR A AR SO RLE , AR IR B R 1R X
KBS T URIESZ W SO R BRI 7, FRVFIR SO B B s ] o AR NIRAL B TR K2
A LR A S 08 SO A AR E A 70 PN B8 9 N AT R B R AT R, P DRI RCEN S 4 B el
S A 1) T BURAF AN S A A 18 3

R#Q, £ _ TR IER AR
KA SR T

AMrES.

—_ 1
SR AR 5 4 Wiz wEBES: | %ﬁ

H#9: 2025 4 5 H 10 H HEF: 2025 45 H 10 H



iy AN T R VAT

ETHITENFIN LR BRI TIE & R R SR

w2

HHT, VR AR 15 Bl 3 R F A% S 1K 55 s 30 - A B A 7 BT it
W Jm M IR G o A A X AR P AR AP T e ) B KBRS, BT TAEAE AR R
VAR T B LI, SEURN ARSI, o= mPERe . AMUanil, XEefE
M3 75 O BB R 1k ™ i B S LA AT R R T B A AR,
M SRAFERAR SR LR o AT R G R AR R R SR A TR
FHZ o HAAE IR . 20 A 90 424X, Brookhart. Laine %5 AJT
PEASE A NAN A2 L i AL R OIS 2R 7 T B R M e, =i AR 2 A R
REM R IG R RL, FEMLERRL 2 b, JRATRAHG T — R I BT, IR
NIRRIX LA ACTE & B LAl b i R
%03 A, FIFHARIT A PHRMS, Wit IEE R T — RIBRMZ I
B o MRS, XS AL LR ISR S, X — iR B
PR T B-H WHPrREL, R VB MEEITE, =iEtE (1.06-10.25 x 10
g-mol-h™) 53| 71X/ T8 (0.49-2.01 kg/mol) 34k (37-97/1000C) & 4
Wi BETCREE, BA T R SR M AR b A T R SR I (AR R I
EHTEYE, 30 TR A SO ARH R LAl . T R
TR EEHE T30 e R B AL TR R B v, 49 3 B 58 C 0 i B AR A SO AL



iy AN T R VAT

FIE 707 5o IX eSO A0 IR Z M 2 L R b, AR Fh S ik
ATAR S F B AR E S M

55 4 oy, DU 0 Ak B RE AN AR 5 BEHUA P b S il SR PR A ) R B A
KA B AERE , BETE G T — R AT L 2800 R I MU e A0 771,
X 8 B Ak 2 (A7 B Ni(ID)AC & W07E 20 564 iR I H &5 &4 (0.80-
8.5x10°g'mol™-h™), HBE|EAE(LST = (1.8-6.8 kg/mol) HIWIE LM
I (54-79/1000 C) o & N H T ZORHH)E , QR AL 7R I HE fo s O 1A
1713 X0 R AR B AR B PR RIS, AT D A8 2 () o7 BEL R AR I o 22 S b
FOREEMIER, FORURE TR TR 8N, 0 20 IR, R 50
Mo M, HVREERUREE, Rl S EAMBRCALE, S TR
AR, REFHAS T CIEALFIEN, SECREIETERR. 1521158 L0
AR BRSO N, ATREZESBRIIN L. IR it B A B R A

85 mrh, BTGt WA A R, B R EA B SN T
BT TG BT — ZR 51 AL RN g B P I i B AL R, B R i 2R A
X IR A T RE R R TR, X R RN TR RS T4
ImEnE W A iR &R, I H BB m 2 08, X2 TERNZEE T
5 MAO HIfE, SFECR LRSI Z T oI 2B . BAMI BRI O
Wi FAT RS S I i, IR O S v A i B AT — s AR
1A,

o6 mrh, WA T — R TIRIFIR PRI AR AL, X

TEACTTL AT AN R F 1 ON [ ZRAN D5 R AR, i AB S 38 3 P R L e

II

HN

\

N



iy AN T R VAT

SEREAMER T T EERNR O, WIS R ZEM R AT YU
BEMI, 25 BB RHMWIRNAR (1617-1729%) AEHAL S, FIN B A& i 2
GV (5.46-10.58 MPa) MIFAPEE 2 (30-45%) . Ah, MFI Ji4s 3}
(16-22 g/10 min). FEHHR (84-89%) FMAFIHFEZE (151-321 x 10 Q-m)

M ELE R, IR e RE RN o B A N e

KA Ja L E AT, NAN BT, iR G, #ATE,
W LI

M1



iy AN T R VAT

THE CONTROLLED SYNTHESIS AND STRUCTURAL
REGULATION OF BRANCHED POLYETHYLENE WAX
BASED ON THE CHAIN WALKING MECHANISM

ABSTRACT

Currently, the synthesis of industrial polyethylene wax mainly relies on
traditional Ziegler-Natta catalysts or early transition metal catalyzed
polymerization. A significant challenge with these heterogeneous catalysts is that
they often produce polyethylene waxes with a wide molecular weight distribution,
leading to fouling in the reactor and affecting the product performance. Moreover,
these catalysts typically require large amounts of chain transfer agents or strict
reaction conditions to control the chain transfer process in order to achieve the
desired polyethylene wax. In contrast, late transition metal catalysts offer clear
advantages in regulating polymer molecular weight and polydispersity. In the
1990s, Brookhart, Laine, and others pioneered the use of N*N coordinated imine
catalysts to successfully obtain low molecular weight polyolefins with high
activity, leading to polyolefins with various properties. Building on this, we
designed and synthesized a series of such catalysts and explored their applications
in the synthesis of polyethylene waxes.

In Chapter 3, we utilized the ortho-aryl steric hindrance strategy to design
and synthesize a series of monobenzene-ring alkyl a-diamine nickel catalysts with
a semi-open stereostructure. This design significantly lowers the f-H elimination

energy barrier, promotes chain transfer and chain walking, and results in high
v
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activity (1.06-10.25 x 10° g-mol™*-h™"). The result is low molecular weight (0.49-
2.01 kg/mol) branched polyethylene waxes with branching densities ranging from
37 to 97/1000C. Studies show that catalysts with a butyl backbone exhibit higher
activity than those with an acenaphthene backbone, leading to polyethylene waxes
with higher molecular weight and lower branching density. Cyclohexyl-based
catalysts show higher activity than cyclopentyl-based -catalysts, yielding
polyethylene waxes with lower branching density and higher molecular weight.
These branched polyethylene waxes are mainly characterized by short-chain
methyl branching, with a topological structure similar to low molecular weight
linear low-density polyethylene.

In Chapter 4, based on ortho-diaryl methyl and ortho-aryl substituted
pyridine-imine nickel catalysts, we adopted a hybrid steric hindrance strategy to
design and synthesize a series of pyridine-imine nickel catalysts with electronic
effects. These Ni(II) complexes, with hybrid spatial steric hindrance, exhibit
moderate activity (0.80-8.5 x 10° g-mol'-h™") in ethylene polymerization,
generating branched polyethylene waxes with relatively low molecular weight
(1.8-6.8 kg/mol) and branching densities ranging from 54 to 79/1000 C.
Surprisingly, fluorine-substituted catalysts exhibited the highest activity, while
dimethoxy catalysts showed the lowest activity. We hypothesize that the spatial
steric effect plays a critical role in this difference, as the fluoride ion has the
smallest atomic radius and exerts the least influence on the coordination and
insertion of ethylene. In contrast, methoxy substituents, especially when
coordinated with alkylaluminum chloride, occupy a larger spatial volume,
significantly hindering ethylene coordination and insertion, which results in
reduced polymerization activity. The resulting polyethylene waxes are
predominantly methyl-branched and may have potential applications in plastic

processing, coatings, and other fields.
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In Chapter 5, based on the traditional pyridine imine catalyst system,
nitrogen atoms were introduced at different positions of the skeleton to design and
synthesize a series of nickel imine catalysts with pyrazine and pyrimidine
skeletons, with a focus on exploring the effect of skeleton modification on the
ethylene polymerization process. Research has shown that the molecular weight
obtained by such catalysts is significantly higher than that of classical pyridine
imine catalytic systems, and they have high polydispersity. We speculate that this
is due to the interaction between the multi nitrogen electrons of the skeleton and
MAO, leading to metal polycentricity during the polymerization process. In
addition, the obtained polyethylene wax has lower branching degree and higher
melting point, which has certain potential value in improving the wear resistance
of the product.

In Chapter 6, we designed and synthesized a series of dibenzosuberyl
iminopyridyl nickel catalysts with varying electronic effects in the backbone and
aromatic amine substituents. We expected to obtain high-density polyethylene
wax, but unexpectedly, polyethylene with higher molecular weight was obtained.
Mechanical performance tests on the resulting polyethylene materials showed
excellent elongation at break (1617-1729%), along with moderate polymer stress
(5.46-10.58 MPa) and elastic recovery (30-45%). Additionally, MFI tests (16-22
g/10 min), light transmittance (84-89%), and volume resistivity (151-321 x 10
Q-m) measurements indicate that these materials have potential applications in

photovoltaic packaging films.

KEY WORDS: late transition metal catalyst, imide nickel catalyst, olefin

polymerization, chain walking, branched polyethylene wax
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FEFEERE R ISR A, AR SR S s RA BRI 7/ (5.6-6.3 kg/mol) MRS AL
& (51-79/10000), R, SREFER SRR Ok MR e SRR, A iR
s FE (3.3-3.9 kg/molD). =S (84-96/1000C) 5K £ 4k .

£ 20 tH4 90 4EAR, Laine %8 N7 IRIRIE T LARLIE Y2 M o i BE i AG 77) (P 1-4
O AT CIERS, BT HRRIE S REH, SRR, BE/3Ms 1
WIS, —BONHBUDRIE A ST 1X — R AUEAGT, B 5T 3 B AP TE RO ST AR AR
A F RN o FCAA S ARAARUE T SR EEVIM 0. Dai 55 NPIR G 7T
T Lk I g BB A A R A M RE AR S I e . DAL R) (B 1-4 ) WAREE, H
AL AR IR VG E R s (13.5-20.5 x 10° g-mol'-h™D), =il Fist: B2 R (3.2 x
10° g'mol™-h™) o XUECA A0 FAIFE i N I B s i AR 1k, 19 8 m Sk (81-
103/1000C) )5 LI . AT RIS, ERERRERE T, B HELEREIRS
W Oy T B2 R AR, X R PRI S AAFAE SRS, XN R &
B R OISR TR Bk . MhAh, Dai FB\WBEIFR T — R A E I
P, 250 ) = 2R L L e W AR AL ) (B 1-4 ©), EiE I (5.52-7.74 x 10° g'mol™-h™")
A RS S I DA S SRE (50-55%) SN, FREREREE S (38-40%). WRALEH,
W F - AR S PR & i oL R B T2 B, PR TR, NI A R SR & o

8
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T, EREZ KRS (Ca 30D MR SE Y . 45 i TR B N4 8 0 [ L7
BRE, WOREEAKAE T, MRS REMM T8, 0N T A B B S Can R RS
W, IXRER LR E D Re R T KB T BE 2 R Re k.

BAMB BN Z AR 2N, 1998 4, Brookhart /NP0 e YRHRIE T = 1A itk me
T Feu Co HEALFIMEAL 20584, Horp AL FE LT (B 14 g) MEINLMIER S
WU R G BAZ A I K 558 T ARl BJS, Sun BB IX S = UG IEnE e AL
RRMAT TIRNHRGRR, @l BB, AEEITAARLEH, £ MAO/MMAO fE
MR, WA REMN TR, B3 RIVEMR OIEE . ol 5] NI fEsr gz
Ji—% - 2RI Bk R ] (B 1-4 b)), &l (100 °C) I H 2 3% s TE (14.6
x 10® g'mol-h) FIFFENE, 13 2IHL 4, S IR L)@ RN, eI 22 51 A
MR (B 1-41D), (EFIEIE Co AL RTE LI R A HRIMHBBLF IR EE. =
EHERR G TESME (1.6-3.4), 7 TEUHEHBAL (My ¥ 900-16000) L AIER L)
W XRE LR OIS BRI PUER . TR, VAR, BRI
VER LR R SR A 5
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M = Ni, Pd Z “

N
M = Fe, Co i O
R= .

(® (h) (@

1-4 5 R SR K — 28 NAN TG A7 i 46 A 771

1.2.4.3 H 3B

3T PAO BLALIY Shop (AL (B 1-5 a) FERDALH TR ER, XF
R B AN DR L T & IR A 1 2 RIS B K 7 J % o Kleinsasser 8 AP
T8 P-O B Pd LT (B 1-5b) b MRS, REEHELTIEMLR], 22
ST ESMEAE (1.4-1.6) W5 QWS XMl 5 22 AL H Fischer-Tropsch #AHALL,
HAEFIIEA (71-105 °C)s L NMERERIR, BB LK NHASHERENHT

10
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BRAEAAL, XERE I DEA R F AR 2 0F N OREFRE MR G277, Dy D St
TERIES.

(2) (b)
1-5 &R TR LI P-O RUELLT

1.3 EEEREHMREBN

Rafmbad 2 ERE, TSR, WOBOEER B, AR
AT AP AS T B K S B AL T JEURE . LSRR IR Ll P REAN SR AN 82 1=y, o 2023 4
EERTMBIER] 77.9 /278, it 2030 SER5ILF) 95.7 1. R0, PR B i 2 4
Kt I PEAROHEE 1, ERLEHIE FEOT AT Y s it 9 O e, BRI, B e s, ik
“REETT RBESCEE,

S AT < SR A A R TR S BORIE T 1, (B SRR AL & 7 2K R BE e 1%
TR IR SN 26 AR R T BE R A I R, TSRS BRI I 20t . HAT, NAN AL
V. fr A 7 e o 2 1 7 L SRS« L 208 L 1R 1 A5 At g V2 T i MRS B R LA, Sk
T BRI, ASONBCARSEH A, a5 NAN BCAL R AL TR, A 845
3 5 BLAT RS 1 TR LA

11
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P28 Wi a

2.1 SERG A MBS
Mo Bk s, B 2-1 Bra s sk B il EiE .

R 2-1 LR

2 | A 1 592

LG A R AP 99.9% IER 3!

2, 3-7fH B 98% IER 3!

i T B 97% IER 3!

2-Z BRI T 98% HEfEH

2-Z I R T 98% HEfEH

2- 7. T s T 98% HEfEH

2- 7, k-4- G 221l 7 98% HEAEH

2- 7. Tk-4- F BE I i 221 7 98% HEAEH
2-Z. 14~ F R FE ‘

LN T 98% EAAE

g

12
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BER 2-1 LI

A L e

1-5 % 5,6,7,8-VUA
(RS

2-YR-4- L i

2- FHAR LR R

2- FRL IR R

2, 6-_HEIEIE
1

2- AR

LI T

LI T

2 T

E7q

£

2

E7q

E7q

E7q

E7q N

LI

LI

97%

98%

98%

97%

97%

97%

97%

99%

98%

98%

98%

98%

HaEEH

HaEEH

HaEEH

H#EAEH]

H A

H A

H#EAEH]

H#EAEH

H#EAEH]

HEAEH

HIZEEH

HZEH
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BER 2-1 LI

W0 (=50 4

XF AR — K&

Y

TR A

LI

FEEE+

eI BRIR Bk

TRk

ToIK L

AT Tk

LIR Ol

NN

LI T

LI T

2 T

E7q

£

NN

TK KA

TK KA

TK KA

KR

99.8%

98%

99%

99.5%

85% as Si0»

99%

99.5%

99.7%

99.5%

99.5%

99.5%

99.5%

FERIUH

HaEEH

FERIUH

H#EAEH]

H A

H A

Vigor 4itk 24

H#EAEH

H#EAEH]

HEAEH

Vigor 4lift 24

Vigor 4lift 24
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BER 2-1 LI

IR LM
WER IR [ 24 45 [4]
R, LM
A5 T
B ER A T
=AM [ 24 45 [4]
ToK L1k [ 24 45 [4]
—OHEEMNER &
B An bt vtk
(LT — WD ‘
S = ) A
TR
ARG LM

AR LI

99.5%

12 mol/L

98%

98%

98%

99.5%

99.5%

2 mol/L

15% Al

99.8%

99.8%

Vigor 2iift R4t

HaEEH

HaEEH

H#EAEH]

H A

H A

Vigor 4itk 24

FEMBUY

FEMBU

FEMBUY

HIZEEH

HZEH

15
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xR 22 LA

DEZR S "% R
B Raift 2 5 BB (TR VSP-5
TEHM B RHE (TR LG1200/750TS-F
HAIR TEE R AR Edwards RV12
i WAE LS R HELL RCH-1000
i 28 AKX R EAL N-1300D-W
TR WM EIE T FA2204EN
A EHEED TR A AR Sonic B06
FL B XA bt =R R DHG-9070
2.2 SRS E

2.2.1 ZHHEREE (NMR)

LI FTE A AL & 015 B INM-ECZ400R 5%, Bruker AV 400 3 i{X ('H: 400 MHz,
BC: 101Mhz) MERAE, WHoN TMS, TURENTRER. REVIZHLET Bruker AV
500 P4 ('H: 500 MHz, '3C: 126 Mhz) 5z, PURARE AR, £ 70 °CRE .

2.2.2 ERARMERE (DSC)

16
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REWE R8T DSC Q25 RS AGHNE, g2 URET, 10 °C/min T+ FiR
HE, 7E 0-180 °C Gl ZMRFFRFE f-50-150 °C) FllsE, HUEE — YR .

223 BREERIE (GPC)

REWnrEAHZ R GPC (i LC-20AR, L#& 2 R Styragel columns %Y
R AE) IR, A YA AR, DHIRE 40 °C. B R R AR i K PLC 210 (FiT
% 1 1% Shodex AT-803S LA} 2 R Shodex AT-806MS A (i i) M7, FEMhH =S KA
fif, MR E 150 °Co BT GPC MK Fid# A 1 mL/min, HE5R A RR LIR1ER
PRAERZIE

2.2.4 X-SHER B RATH

Film T, EFEM BT T 25 B0 S S AR A VA RTE B AT 4 (1 — &0
Ferb, S HIR Cbel T E IR ZE 0 2, B8, RGBS S5 R ARES,
293 (2) K T{E Bruker Smart CCD FARIMAS FRAE X SFARATH AR, ZFRN &S AA
A CuKa fad (A=1.54178 A). @iAZEHE K Olex2 FRAFIEAT S5 M B /N —3fei:
e, DARALJE O B A RIRE S 4

2.2.5 BEYERENI

IV F7/ AR St T REIRIEHL (UTM2502) #E= iR N LA 10 mm/min B3 FEHET
A WIRE M AE S T8 R DAL IR R R b o] A R, R IERR L 14 % 2 % 0.5
mm FE5% . ST R MNATE KY-RR 4 B SRR E A BT . 20T, 24l
FERE AR A I, PRI 10 AR BOBATIRE, B ICFIE . RN
FERR I LS183 108H 163 Ja @ it Zeill S A BT . MBI T%, MHREK N 380-
760 nm. &AL FE SR IIALE FRBH CXT5013/5015 AR L BE 2R A% - 30T .

2.2.6 HAth =4

ST A RO BC AR B R A APCT-MS B, EST-MS 3RAE, Bt &4 5 1% % F MALDI-
TOF MS L. FiA G E S HTHE Z R ZF DA il b A7 M. A WLSME
IRPrestige-21 {H AL AR 2T S AL_E 73 #rillia

17
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2IRBEUCHERE—RSEZEESR

SO RE TR 2B AR AT . E ek R s R E R 100 °CF A TR A
TN ERATER . B IR EEA (R CHE, — 0y 40mL) AN
Fivits 28 BT (ELAICUMAO), 36 i R G HERR B L) i LI B H
VR I R AR RN A By W — R0 (RO 1-2atm), BHGE B BEA
FE O M5V N B AT S 2 umol Ni fEALFTIFE 1 mL CHoCL FVENMRER RS, 15
GRS, FRRRREN T aTH . RE RN ARG, BRI RN AT, A
E=iR, FIA 100 mL BRVE OBFETL U8 BT 24 h SRR S, FREURE

A

B 2-1 B LI A TTE S e b

18
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BIF FHNRERELIARSHFE ML RBERIHFE

3.0 IRER

ROIBEREDCIE, K2 EAOPREHRE R BT I OREEE (eiesE
PE B KPERNMS i e, EBRE WRoRk. JSRARG G5 2 N EE BT A 258
Ol BERUIN T, 3R LI VR IEE AIA sR, A 3 n T imah k. %
B RN R LIt A7 B T8 BEBE AR, SR iR ah e, g i AT 2R
(I Y L o3 I S S o S V7 =329 £ ) S 1KV 3 1 P
G A s B IR A (PR . A AN, AR R UK B RUR I IR E AR, 145
IREHERIR IS T ORI EVERE . (E—LBRP RN A b, JCHRAE SR RSP R
e d, RO IU R &R BRI BE, R SR s BEATFF AN, W ORRG 3%
RO Infa Rl

HAT, 5 OAmE 027 3 AT = AL . BP0 B LA e L TR0,
e SRS 1 R R IR, AR R N s R A R T RS, B
H T W2 BREAL, PR AR B 3R Sl o 1R A . RN R AR PR e, I
G, ARAE R A BB A A, A VRS BRI . DL 3R AR IR O SOkt ml i g 7
YA 2 B 2R )t = ol R TR, T VIR FE R ], X RN EORHE B A

FIZREGENRCEIRE TR K, MG RN A2 G s i 5t 58 20 0 (0 78 LE AL
e,

FETAV Ao, e A R A A 1) 5 B A, 5 B A B A T BT
ZIH R L FEAF A REA B AR o 056102, T &, e & R AR R R A
SRR Z A EV RS, Hor7 &8 R 82 E R O I i A A BEEE I, 5
AN A R R S e R, WA R TERR M. EERT
Brookhart. Long. Chen. Jian & \FH Dai [ BS993 T = WP e fit A b it A% ik 4 A R PR R
AR TR T ERRIE S . R BRI T ENLSI T, B I ST G A8 I Jo eV <5 s 1
AT — A B ERFMET7, Coates. Gao. Rieger 1 Sun 25 AUS8UF] F X A 54T 7E
e, 1357 70 TEULSGE & &M TERE R O . XS 2R R SR U,

19
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£ a- "ML IA R, SCHE T B AE B P A SCAC AR, R AT 2R R L 2R
ZMi (LLDPE) HJ$R#NEH, X5 e TR R LM h b 85 A (B 3-1).
et BRI S, AT BA A KBS A BRI, B RS T RS
MR FEIAGEIE o- — IR ERAEA T AT BT U [P 3R 54T R e b B R A I N, T
HIBARH p-H R AEL2 1998 1 RT3 E AT e, MR E] 1 s s (R TREIER S

Wi o

Z High temperature and high pressure .~ -
Radical polymerization
(A)
. LDPE Waxes
Early transition metal catalysts <
z s L .
Coordination polymerization SN
(B) HDPE Waxes
Late transition metal catalysts .~ ~
Chain walking polymerization T TS
(C, this work) LLDPE Waxes
3-1 JURAS RV 5 20 5 5 12
3.2 S ER4Y
3.2.1 BLAFIHEALFIBY & AR

20
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—~

7~

NH,

n=1or2 DMEN:IBr,
DCM
n

s , (L7

0 (1.0eq) N N

N

Ny

A4

3-2 Fiodk L1-L4 AR AL B & R 2%

T

100 mL [REEIR S, IIATEKFFA (15mL), 4-& 8 (0.33 g, 2.5mmol). 2,
3- TR (0.09 g, 1 mmol) FMEA YERIX FIRMEIR—/KEY) (20 mg), 80 °C FIEA
IR 12he RAFIESS, W 2SRRI, RIS RAE B T MRS =
(5mL x 3), dyEERKEERE A, BB TEARHEY (0.19g, 72FE 61%).
L1 7% HrdE: 'H NMR (400 MHz, CDCl3) § 7.24 — 7.09 (m, 3H, aryl-H), 6.98

Bifk L1 H& R

(dd, J=20.2, 7.6 Hz, 1H, aryl-H), 6.69 — 6.54 (m, 2H, aryl-H), 3.39 — 3.23 (m, 1H, CH>), 3.13
~2.95 (m, 2H, CH), 2.91 — 2.74 (m, 2H, CH), 2.51 (dt, J= 16.1, 8.7 Hz, 1H, CH), 2.13-2.10
(m, 2H, CHy). 2.07, 2.06 (s, s, 3H, N=CCHj), 2.04, 2.01 (s, s, 3H, N=CCHz), 1.90 — 1.65 (m,

4H, CH,). 3C NMR (101 MHz, CDCl3) 5 171.86 (N=C), 166.39 (N=C), 144.07, 143.54, 142.75,
135.97,133.42, 132.72, 125.81, 125.46, 125.05, 124.40, 123.68, 123.15, 120.65, 120.43, 115.55,

114.57, 30.70 (CH»), 27.49 (CHa), 22.90 (CH»), 20.36 (CH2), 17.96 (N=CCHj3), 16.87
(N=CCHj).

Ji V% 43 M B . APCI-MS (m/z): caled for CaoHosNo': 317.2012, Found, 317.2008,
[M+H]".
Botk L2 K& R

21

o o (1.0eq) I\% <}\I N. N
- > Ni

PTSA, 80 °C Br ‘Br

n LI-L2 " " Nil-Ni2

n

§ ? _<Z S> | Ni
AcOH, ZnCl,, 90 °C gBr 38
n
L3-L4 Ni3-Ni4
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—

N N

Bk L2 5 L1 &R 2R el (0.19 g, 773 55%).

L2 &5y Hr¥dE: "H NMR (400 MHz, CDCl3) § 7.22 — 7.10 (m, 2H, aryl-H), 7.04 —
6.93 (m, 2H, aryl-H), 6.60 (d, J = 10.9 Hz, 2H, aryl-H), 3.28 (td, J = 10.3, 4.9 Hz, 1H, CH>),
3.13-2.98 (m, 1H, CH>), 2.91 —2.70 (m, 4H, CH>), 2.50 — 2.09 (m, 2H, CH>), 2.09, 2.07 (s, s,
3H, N=CCHs), 2.01 (s, 3H, N=CCH3), 1.90 — 1.66 (m, 8H, CHa). 3*C NMR (101 MHz, CDCl;)
8 174.12 (N=C), 168.66 (N=C), 145.17,139.02, 138.36, 128.24, 127.82, 127.57, 126.05, 125.52,
117.91, 116.92, 29.75 (CHa), 26.99 (CH»), 25.78 (CHa), 25.26 (CH»), 22.72 (CHa), 20.27
(N=CCHj3), 19.19 (N=CCH3).

J5 1 3 AT Bl . APCI-MS (m/z): caled for CasHoNa'™: 345.2325, Found, 345.2318,
[M+H]".
Btk L3 &

CC
g Y

100 mL [RJERHA, ¥ 4-ZFLEH (0.37 g, 2.5 mmol). il (0.18 g, 1 mmol)
TONBEARE T To/K ZnCl, (0.2 g, 1.5mmol) HJZFR (5 mL) ', 90 °C NiE& AR B
PiHE 4he NAFILG, WURZEKER T OB, RN LB ARBERHE =X (10 mL x
3), SIEBREEOERAY), ETTE. /£ 250 mL RREFR+, IMAZRH (0.3 ¢,
1.6 mmol) 7K¥& (40mL). FIAYIE A, 40mL & HF k. FRAV=EENFE 1h )5
F7KPE% (H,0: 3x20mL), WHEAHIAMH, IMAEERITEK MgSO4 5 B 40 min. fiE
FIE PSS, AV VR A B 0 VT FARVERAE S EE R PR =K (10 mL x 3),
AR R R AR, B TERERBIERY (033 g, 77 79%),

L3 &5 Hr#dE: "H NMR (400 MHz, CDCls) § 7.81 (d, J = 8.3 Hz, 2H aryl-H), 7.31
(t,J = 7.8 Hz, 2H, aryl-H), 7.22 — 7.14 (m, 3H, aryl-H), 7.06 (d, J = 7.5 Hz, 2H, aryl-H), 6.77

22
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(dd, J=20.2, 7.5 Hz, 3H, aryl-H), 2.93 (t, J = 7.4 Hz, 4H, CH.), 2.88 — 2.60 (m, 4H, CH>),
2.06-1.89 m, 4H, CH>). *C NMR (101 MHz, CDCl3) § 160.77 (N=C), 148.14, 145.94, 141.27,
132.19, 132.08, 131.20, 129.42, 128.87, 128.02, 127.44, 123.39, 120.36, 115.39 , 33.33 (CH),
30.42 (CHy), 25.24 (CHy).

J5 1 3 AT B HlE . APCI-MS (m/z): caled for C3oHasNa™: 413.2012, Found, 413.2008,
[M+H]".
Btk L4 &R

CC
37

Bofk L4 5 L3 SRRl (0.37g, 7% 83%),

L4 7% Hr¥dE: "H NMR (400 MHz, CDCl3) & 7.88 (d, J = 8.2 Hz, 2H, aryl-H), 7.38
(t,J=7.8 Hz, 2H, aryl-H), 7.18 (t, J= 7.7 Hz, 2H, aryl-H), 7.04 — 6.90 (m, 2H, aryl-H), 6.82 —
6.66 (m, 4H, aryl-H), 3.11-2.81 (m, 4H, aryl-H), 2.80 — 2.06 (m, 4H, aryl-H), 1.83-1.66 (m, 8H,
aryl-H). *C NMR (101 MHz, CDCl3) § 160.62 (N=C), 159.26 (N=C), 150.48, 149.44, 143.31,
141.20, 138.64, 138.47, 132.18, 131.21, 129.31, 128.77, 127.98, 126.04, 125.72, 125.12,
123.33, 122.23, 114.32, 113.86, 30.04 (CH2), 29.96 (CH>), 25.21 (CH>), 25.12 (CH»), 24.15
(CH2), 23.14 (CH2), 23.01 (CH2), 22.84 (CH>).

J TS BT B4 . APCI-MS (m/z): caled for Cs2HaoNo': 441.2325, Found, 441.2319,
[M+H]".

AL T Nil-Nid 565
AAGFET, 7€ 25 mL FJREe+ IMARA L1-L4 (0.1 mmol), 20 mL DCM,
(DME) NiBr, (DME =2 " —H{#) (0.1 mmol), =EHFE 12h. &pIFEILE, B
WRAGIR IR, FIRVEAE LBER BB = (SmL=3), I IE)G 12 TH5 2 H s
P (7 84-91%)

23
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NS

FEE 91%. IR: C=N (1648 cm™, 1575 cm™). Elemental analysis: calc. for

Cx»H24BroNoNi: C, 49.40; H, 4.52; N, 5.24. Found:C, 49.48; H, 4.63; N, 5.21. MALDI-TOF-
MS (m/z): caled for C2oHo24BrNaNi™: 453.0471, Found, 453.0474, [M-Br]".

R¥8

Ni2: % 84%. IR: C=N (1645 cm’, 1594 cm™). Elemental analysis: calc. for
C24H23BroNoNi: C, 51.20; H, 5.01; N, 4.98. Found C, 51.23; H, 4.96; N, 4.89. MALDI-TOF-
MS (m/z): caled for C2sHasBrNoNi™: 481.0784, Found, 481.0801, [M-Br]".

72
N~
N
B Br
Ni3: /%% 86%. IR: C=N (1658 cm’, 1623 cm). Elemental analysis: calc. for
CsoH24BroNoNi: C, 57.10; H, 3.83; N, 4.44. Found C, 57.21; H, 3.95; N, 4.36. MALDI-TOF-

MS (m/z): caled for C30H24BrN2Ni': 549.0471, Found, 549.0492, [M-Br]".

7 N
N, .S
N
B Br
Ni4: =% 88%. IR: C=N (1660 cm™, 1620 cm™). Elemental analysis: calc. for
C32H2sBraN2Ni: C, 58.32; H, 4.28; N, 4.25. Found C, 58.26; H, 4.23; N, 4.31. MALDI-TOF-
MS (m/z): caled for C32H2sBrNNi': 577.0784, Found, 577.0782, [M-Br]".

24
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3.3 ER51e

£ 3-1 Nil-Ni4 LA R 20 i

Entry Complex 7/°C  Yield/g Act® M My/MS B? Tw/ (°C)

1 Nil 10 2.61 2.61 148 10.15 37 97
2 Nil 30 2.05 205 1.4l 12.56 49 80,107
3 Nil 50 1.89 1.89  1.32 11.78 52 73,106
4 Nil 70 1.06 1.06  0.93 2.13 66 63,112
5 Ni2 10 10.25 10.25  2.01 35.05 39 109
6 Ni2 30 5.54 554 1.68 4.83 63 84, 104
7 Ni2 50 4.06 4.06 142 4.16 69 79, 95
8 Ni2 70 2.36 236 139 3.03 81 S
9 Ni3 10 2.85 285 0.82 1.79 49 108
10 Ni3 30 1.68 1.68  0.62 2.79 59 72
11 Ni3 50 1.17 1.17  0.68 1.81 66 73
12 Ni3 70 1.06 1.06  0.49 1.88 88 68
13 Ni4 10 5.09 5,09 1.93 8.22 63 127
14 Ni4 30 3.88 3.88 1.84 4.92 87 118
15 Ni4 50 3.55 3.55  0.89 4.32 88 77,113
16 Ni4 70 3.1 3.1 0.68 3.01 97 -/

“Conditions: Ni(Il) catalyst (2 wmol), 300 eq. EtAICI, 2 mL CH,Cl,, 40 mL cyclohexane, 6 atm,
polymerization time (30 min). ®Activity (Act.) = 10 g/(mol Ni-h). °M, is in unit of kg mol"!, determined by
GPC in trichlorobenzene at 150 °C. “B = branches per 1000 carbons, determined by "H NMR spectroscopy,
B =1000 x 2(Icu3)/3(Ichz2+cu + Icns).  “Determined by differential scanning calorimetry (DSC), broad peak.

/No apparent melting point observed.
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—_
=
-~
—_
=
—

—— Nil (c)

101
%.g — 90
a° Z 16 2 80
= 61 o 1.4 . = 70,
= = 1.2 “ = ol
=4 = 1.0 \ g 0
, ] = 0.8 2 50
0.6 N 40/

10 20 30 40 50 60 70 10 20 30 40 50 60 70 10 20 30 40 50 60 70
Temperature (°C) Temperature (°C) Temperature (°C)

] 3-3 10 °C-70 °C'F Nil-Ni4 /33| PE I5/{) 7% (a). /- F& (b) A (o

nE 3-1, B 3-3 i, 1F 300 JEH ERAICH iEfb. Z4E 77 6 atm A1 10-70 °CE
G, XL NI R BUE B RS (1.06-10.25 x 10° g'mol*h™),
B35 7/ 0.49-2.01 kg/mol FISZALIE 2 Mt JURFIBEAT AE LI 2 S A S5 R 7 A 1) 2
EE, AANENE 3-4 fox, CEHIHENG, PREKAE g-H HERE R XA
BIRASET OB E T, £ S IRaT, XS URAEZIR,
DRI T B i 2 Fh S A S5 U074, [IE,  BEE IR FE T, 1K Ni(ID A 70 3R 3 1 2
B, XA B TR BRI R S DL A R IR T SR LRI bRV R R A BRI
BeAt, IR TR, AR IR SRS > TR RS, TS RN, X TR AR
FEAT AN B 5 B 2 AR 34 1) 22 S BT S 30T o O AR PO B SR 85 4 R AR K/
X O RE BMAT R, 8, BT IR AR AR I S s, 453
(K158 et 23 B HL SO BERUAIG, T B T i B SR AR AR s (B 3-3). X
il 22 5 R SRR T B SR 45 M R I 2SR RN . Bbah, S5 F 38 ORI AR e i5 Py T A
THET IR RIL AT, A 0 5 2 Mt F AT B R STAG B8 FE AN s (1 4 1, IXAERR
MTCAEE A 7 R B WS BRI &, X F] LAV 45 T30 CUE B SR HA 80K 2 ) 467 BEL

(82, 83]

o
P R P

/
P P oy i \/P N \\ — /\ “ /K Branched
LN ==L,Ni{ —=LNi_ LN N =—=LnNi —1 N

& “H H H /

Sy "Chain walking"

Migratory insertion p-H elimination Olefin rotation Reinsertion Ethylene P = polymer
coordination

Bl 3-4 HEATENLHE
EEERNE, ER AR, 1531 IR 2 R I 85 105> 1 & 045 (1.79-
35.05), XEEZEH TN syn F anti FAEFIGZE (B 3-5). SEIKUL, anti F
FEV AL ) T2 A e 23 F- S IR 5 A T syn R 4 DU A BRAER 20 2 1D 2R S M (84871,
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R R R R
r3 = —
N‘IC:?{N \ ) = ~ ¢ N\ N/IC:?\N
Et” Et” !

Syn configuration for Anti configuration for

low molecular weight high molecular weight

B 3-5 AL IS 7 40 i 43 21 PE i 738 (520

Yy BC BHESEAR 73 T RoRtS0) (B 3-6), 32 AR LIl Sk 1 %
B 5 <Nty e e T v R

HX A

FRILLASE, G
ISR, HABR B A R S ik ] . IR AR
A7 AR IR C MG AR B A, 8 RS E R BRI T K

AT & B 5 L BAT AN R A4 a4, Rl REAEHAR N A A R BRI 77

o S3
NGNS S

o sS4 S2
A

ani

Q

(2=

[2=]
. I |- ~ _ 7
l:g Ew E— g W E

40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 1

B 3-6 7 50 °C'~, Ni3 #1752 M 13C NMR i &5
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3.4 KEMG

REENH, WAFIEER T — RAVBRMIRIA AL o- MR, X LSRR
A BGEOLAR G, X — B R KT -H HEREE 22, (it VBB AR T AL, 19
B TR TEISCUER LGS . X SR ATITE R A RN R =iE e (1.06-
10.25 x 10° g'mol™*h™") . AR I AT LImuE 5> F=IEHA 0.49-2.01 kg/mol,
I H H T syn-anti 704 B 870 Ade i (1.79-35.05) o WIFTEEREH], HEE
REREMT T, FrE SR R A TR RN, 25 BRI R RS (04 T F%,
T S A BES I FEREARI A5 M T T, BT T R SR A 70 LU A T i B A A £ 77
RIHE S EE . TR MR R S FREE . CUEREERNER OEE. 1
B, BETER CUBE IR M AR L B T30 B R PR A RV PR B o, 49 30 10 5 20 ek BAT LA
YAEFEMEERS TR BEYEIE PC NMR /SR, XS R 2w EE
AR RS, AR MR TR TR IR MR E R 2% (LLDPED
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FaE PEEFUAFRRME SRR T EE

4.1 AIRE=H

R OIFWESE— P2 B B RE, PRI G e . A, A R T R i B 41
Ve 2 T ARk 2 BT, V2R Z 0 A B R AR GE i 55 4 - A B AL
PSR 42 R M A SR A o 3 X R ARS8 AR AR T I ) B KR, e AR AR 20
PRI TR (M5 QM SBURNIAREEYG, s = i ERe . AN tl, I S q 4 75 % 75 2
R B R e R Ak ) ™ A 1) B B2 2% PSR R T B R R A R, AT SRAF AR 1 3R 2 Al 111
21, X, EX UK &R, IS R A R R A TR &
Z oA E RS, BTN S VR 2 55 01k A e AT ST B ICT R R S
Gy Fit. 1999 4F, Laine 558 N7 i 7 DAMLIE ML A B 420 Ni, Pd AL 206 S

KRR, 1 OIRRES I RN, FEURSTER L
TR R X LR A T8 R LR B S AR R R Rt LA R 20 55, JCHR R T
PO EAR AR TR, T EE AR SR

#IT, Daiv Sun H Jian £ NPSOVRT, S8 07 R A (B 4-1 a) IEI7HE
(B 4-1 b) HURFMERE W AR AR B0 A UL LIRS A, I HLRRE Ml A5 21K
DFRIAR )G TR, 16 o- SRR R, X240 35 56 H L B A KA
RIS T LR F IR, BRI TREY. SR, IX AR R 1 SRE L e
Ak R AR A AR RCR, RO RES R BERE A% o RN, &0 5 B 00l 57 B i A4 57
A LA BUR T2 O 0, FA TR IR0 F 508 1) = 2R R e S fre B e A 706 R T i gk
CIFIER R PR BT, 1983 IR 0@ . BT X —RIL, BATE LR HnkE 7
AR 2R, T8 I SR K P Ao AR () 2H 5 SR A B BRAR R 58 SR, D9kt A% e A 77 ok
PRI S E IR T B IR LR R A TP IR R R EBR .
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Hybrld Steric StrategyO_(
S\
N —) \ O

alkyl alkyl'Nl

RV

R, = H, Me; R, = H, Me, F, Cl, R =H, Me, F, Cl, tBu E,Z};&??%Me

(a) (b) (c, this work)

B 4-1 HEE Vi A 7 o R AT 57 2% A o7 BH SR s
4.2 LIS
4.2.1 BEAFELTIE R
B(OH)Z
NH, I:R=H,R'=Me
Br 2:R=H,R'=F
3:R=H,R'=0OMe
R 4:R = OMe, R' = OMe

Pd(PPh3)4 K,CO3

QO

T ZnClL/AcOH 1jzn/‘c1
R
Znl1-Zn4 L1-L4
4-2 FigfR L1-L4 R AR AT A ik 2
& A1-Ad BIE R

R =H, OMe

Al1-Ad HHE C AR R AR A RO, BL AL . BUSAE R, 500 mL Schlenk Jif
PO 2--4-F K% (1.86g, 10mmol). 2-FEIRMIEE (1.36g, 15mmol). J&/K THF
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(150 mL)FIfE AL 2458 1 DU (= 83D 28 (0.99¢g, 0.86 mmol) o K5 HE i T 147 1 ) NaaCO;
K (50 mL) AR, B =5 @S 25 F] Schlenk 9, 80 °CF M
24h, ARSI SNESE ARG AR IN 25 mL YA NHLCl K IEE KRN, AR
TENIER, BRRVVEIRAE 2R 28 (200mL) 1, HZK (50mLx3) ¥k, IEH
BUAE, IINERHITEK MgSOs B 40 min. FEMEHIEIES, FrASIE RS IR 40 50 iR
U, FIAVEVAE BB = (10mL x3) , i3, HATHESER™ W (1.18
g TEER60%) o

¥ E—2B=) (0.99g, Smmol) « ZIKFEE (0.92g, 5mmol) 120 °C F AN KN
BERTE R . BEE, IEIN NIRRT E ZnCly (0.68g, Smmol) H¥k HCI (3mL),
fie B ZE, THEZE 160 °C/E IR . 40 min J5, KMN{E1E. 500 mL [BEJEFRS, 0
ATE A (200mL) BT REEY, /K (50mL x3) Btik. RGP, i
NG R ITEK MgSOs # B 40 min. REHE LIRS, FTAEBIRE IR w7, RA

VEVRAE CRER AR RE = (10mL x3) , JdyE, A= sl ik itk alifh, B+
AR EFRY (147 g, 75F 81%) »

Ak L1-L4 &K

R =H, OMe
R'=Me, F, OMe

Fef L1-L4 AR4E CnsCkig 126 U0, DL L1 Al 100 mL BERLSHEH, ¥ Al
(0.34g, 1mmol) . 2-ZMEFEMIE (0.12g, 1 mmol) MIAFEM T J/K ZnClL (02 g,
1.5mmoD) ZHE (10mL) o, 90 °CRREVEMRIAMFE 4he MNAFILSE, WIEHRK
o O, FIRTEWAE TR FREBFE =R (10mL x3) , 15 3k 3 i A4 [E
o AT, 7€ 500 mL BRER+, SR (0.3 g, 1.6 mmol) KIF (40
mL) . FREYEA. 40mL —H P k. KRS =R 1h FHKER (H0: 3x
20mL) , WEBHAH, IMANEERTK MgSO, # & 40 min. fEd#ELidyEls, FrifiEm
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IR0, P RVETAE CEEPRRERERE =R (10mL x3) , 1 JE43 29% 25 o [H]
W, BFTEERAERY (0.29g, F61%) .

A7) Nil-Nid 56 5%

ZAAAET, 76 25 mL RS IR /A L1-L4 (0.1 mmol), 20 mL DCM,
(DME) NiBr, (DME = Z —F “HE) (0.1 mmol), FEi&#HiFk 12h. RMFIEE, H
RGBT, FRVERAE SRR HE =R (SmL = 3), JIEf5 B TRMAEIH
W) 73 69-82%)

Nil /% 69% . IR: C=N (1623 cm, 1594 cm™) Elemental analysis: calc. for
C34H30Br2NoNi: C, 59.61; H, 4.41; N, 4.09. Found: C, 59.58; H, 4.61; N, 4.21.

Ni2 =% 76% . IR: C=N (1621 cm’, 1599 cm™'). Elemental analysis: calc. for
Cs3H27BroFN2Ni: C, 57.52; H, 3.95; N, 4.07. Found: C, 57.64; H, 3.92; N, 4.13.




iy AN T R VAT

Ni3 %% 82%. IR: C=N (1626 cm’, 1597 cm™). Elemental analysis: calc. for
C34H30BraN2NiO: C, 58.25; H, 4.31; N, 4.00. Found: C, 58.36; H, 4.24; N, 4.09.

Ni4 /%% 80%. IR: C=N (1622 cm’, 1597 cm). Elemental analysis: calc. for
CssH3:BraNoNiOs: C, 57.50; H, 4.41; N, 3.83. Found: C, 57.41; H, 4.21; N, 3.78.

N B AT S [ 5, TR 1 Ni2 5 (B 4-3). Hdh 74546
AN T IR AN O BRI R, A S R BTl I IR R TR . AR T LTS
T R T T & P TR BRAAR o (BT R, Q0 ORI HI BN 4R 5 B UL il ) g
A, mEEA TG A AN AA T RER G SR RESEE, SIROmE. H
IR R 4-1,

B 4-3 Ni2 45574 4
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£ 4-1 Ni2 k259

Table S1 Crystal data and structure refinement for Ni2.

Empirical formula CssHs4Br4F2N4Niz,2(CH2Cly)

Formula weight 1490.59
Temperature/K 150
Crystal system triclinic
Space group P -1
a/A 10.4412(4)
b/A 11.5029(5)
c/A 15.4658(6)
o/° 77.435(3)
p/e 85.758(3)
v/° 65.488(3)
Volume/A3 1649.34(12)

Z 1
Pealeg/cm’ 1.2364
w/mm’! 5.425
F(000) 719
Crystal size/mm> 0.13 x0.11 x 0.10

Radiation CuK*(A=1.54186)
20 range for data collection/® 16.5t0 133.3
Index ranges -11<h<12,-9<k<13,-9<1<18
Reflections collected 12215

Independent reflections ~ 4677[Rint = 0.0264, Rsigma = 0.0314]

Data/restraints/parameters 5409/0/381
Goodness-of-fit on F? 1.079
Final R indexes [[>=2c (I)] R1=0.0346 wR> = 0.0997
Final R indexes [all data] Ri1 =0.0408, wR> = 0.0960
Largest diff. peak/hole / e A 0.6/-0.6
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43 RS

£ 4-2 Nil-Ni4 AL A R 20 i

Entry Complex T (°C) Yield(mg) Act? M M, PDIY brs® T,/ °CY

1 Nil 30 112 224 19 24 146 56 66
2 Nil 50 212 424 1.6 18 149 66 52
3 Ni2 30 389 778 2 21 139 61 56
4 Ni2 50 425 85 14 22 147 79 21
5 Ni3 30 77 1.54 33 42 131 54 65
6 Ni3 50 94 1.88 54 68 126 72 34
7 Ni4 30 40 0.8 2 21 134 62 71
8 Ni4 50 64 128 14 21 13 66 65

“Conditions: Ni(Il) complexes (1 umol), 300 eq. EAICI, 1 mL of CH2Cl,, 20 mL toluene, polymerization
time (30 min), 6 atm. ®Activity (Act.) = 10° g/(mol Ni-h). “Molecular weights (kg mol™"), calculated from 'H
NMR intensity ratio of unsaturated end groups vs overall integral. “Molecular weights (kg mol') were
determined by GPC in THF at 40 °C vs. polystyrene standards. °brs = branches per 1000 carbons, determined
by '"H NMR spectroscopy, brs = 1000 x 2(Icns)/3(Icna+cu + Icns). /Determined by differential scanning
calorimetry (DSC), broad peak.

(a) Yield (mg)

500 pl2s  30°C 50°C
400

300
200
100

0

) M, (kg/mol) © BD (/1000C)
30°C 50°C 63

30 °C 50°C

79 ”

62 66

Nil Ni2 Ni3 Ni4 Nil Ni2 Ni3 Ni4 Nil  Ni2 Ni3  Nid
& 4-4 30 °C-50 °C T Nil-Ni4 /33| PE I /{177 % (a). 7+ F& (b) M (o
ME 4-2, B 4-4 iR, 1 300 & ELAICH iGth. LK 77 6 atm DL R 30-50 °C%
E AT, Nil-Nid LI H P25 1 (0.80-8.50 X 10° grmol **h 1), HEHH| T8N 1.8-
6.8 kg/mol HI AT Z M1 (54-79/1000C), 1XEE Ni (1D 46T AR A6 T BEH IR /)
Thimm S Z 3N, SO E AR T =T . £ Nil-Nid o, SRR Ni2 A RIR
I o e R TE TR R 4R N PR AL AR RV T BRI, AT A8 2 () Ao BHL SR AE X P 22
Sl B REEMIEM, BONEE T IR T2, X CHE B AL S A SR/ o
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MR, AR, fl a5k mnichos, S 7RI EERR, B350
15 7 CM BRI AR, PR A TR,

Z TR TER Y, BUAEE XS 77 A AR 2 KRR, BOR A BRI % A A 15 21
Hr T REIR O EHFRERIE, RUE U SR EER AT IR s i (E A, H
fEALT Nid ££ 30 °C NS RIR LIG 0 T ERIK, TAVEE, Xarfee T HEdd
KI5 (B FHFEAS T IR AR K (B 4-5). FAEADO A B AL R38R I R
R R EH SN, DR EARK D TEE OGN, FREEREY, BREWnT
B PR MBER RS IR, A S A KA RS BT o TR AR A 1%,

/ /
Ni
Polymer/\/ Me Polymer/\\ Me
.0 O.
CIAIEt; * O Et,AICI CIAIEt
=
Complexation of methoxy with Et,AlIC1 Complexation of methoxy with Et,AlICI
prevents coordination of ethylene suppresses chain transfer

4-5 FEIE0 M T A AN BE e 7% S i s =
Ak, FEEY PC BRI HTONE IR (B 4-6), FTTSER L)l SO 1 2
SCREN T, AR 2K HB K BE SRR Bl A o X B LR VIR S B 2R LMt AE 45 4 B304
DIAEESCHON T, il ek myil oy s A T R B R SRS AN A
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o oY
o e
ADA ¥

55CH,
¥
P
2
%)
P
2

13 42 41 40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 ¢
Bl 4-6 7£30°CT, Ni2 fEAL1FEIR LM 3C NMR & & 2

4.4 FENG

i Lprik, JATEBIRIL T — R & W7 HBUREE R E L NidD A& .
X B A A AL B Ni(DBC & 204E 20 R & h R I 436 (0.80-8.5%10°
g-mol-h'D), HAEMAEBRILS T & (1.8-6.8 kg/mol) IS 2.0 (54-79/1000 C).
A NP RORH I, HY SR S R A A 1) 3R I A AR SR A i v DA B35 AN ]
o TEER. PRES = O T B E N 5 8088 N 55 5 72 [F] I 52 2] 40 )
AR R I Al BRI R SR o AL, RS AT R, XSS S A R S
b, XEROIREERTREAE RN T, IR SR B A W AE N H A -
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BSE ARATEBERESIFAMESRRRTE

51 xS ®

B o- WG = ZHEATHOR LR, KRNI R, HAi a5 tEf b el
O, AR, KERBAEHT TR, iz s ok 7 AR AR T UL i e
DAL . XL HE R YESF 1 A B IX — AU I35 SR ORI FE G o =4 Al AT e 32 2
RETIRAEEGINAGENE. BHREEREP IR 55T E, UASRAARE
SRR BE ) SR 2 08 10810 {54, Gao A1 Coates 55 NAIERH, 7E o- —IEJEAK R 5N
TIRIF AR AT PR R AR R AR E I, RS A el T S B AT R A T,
Jian SNt DR, RS LGBV FEEM, A8+ & AT 15
LA IR )@ 11, A, Brookhart 1 Dai 8 NKHL, 91N 8-T5 FEZE RN — K JF
PRI HUREE rT A R R Al A T RS, RS = T RE LG E &0 T
BRGNS,

SHER, 1Eh o T EHER IR, MIE A RIEFRZ S 1) 2 R,
FFBUAT T — SRR PR, 2R SRS ) S S AR SRR TR RIS R &
A FEBLH R ZE L FS il A iy SO L S SR 12 2R LA R & O T I
FEHPS 1201, A, 857 B ZE AN TR IF I P S AR K SN R R 1 AR R A
SRR RSP T T RO BRI, IR BT T 707 SRR e DA S A B e A A A 0 ) 2 05961,

FEARFTHETCA, AT E TV AL (0 e 2 ZRAN R A L I AR, Bt IF
BT R PR e WA, S T B R A TR A SR O

DN SaP /N PRt S PA DNV R SEpuR EHib) AR

Ar Ar
Ar Ar Ar N— Ar —N Ar
o Ar — & i s
>< W N NG
N (ON —) NN ——) LN LS
B gy NI Br —Ar Br Ar
Ar Ar Br Br (Ar Ar Ar
Ar Ar Ar Pyrazine-imine and pyrimidine-imine catalyst
a-Diimine catalysts Pyridine-imine catalysts This work
B 5-1 NAN LT i f A 7 A
i .
5.2 SRRy
5.2.1 BEotAREH IR E AR

38



iy AN T R VAT

N N _ KaCiOyH0 \
\ /
ZnClz/CH cooH "o

Ar
NH, Zn1-Zns L1-L5
Ar Ar
S DMENiBr,
Al-A5
R
AW O /Nw/go N Ar N:>—< Ar
Arl : O XN <\ />—\< <\ / N
DMENiBr, N_ _N R + Ny N R
AW L6 Ni\ B/NI\B
DCM Br” Br T rAr

PTSA/toluene
Ar2: O. AY
Ni6

1: R=Cl, Ar=Arl; 2: R=0Me, Ar = Arl; 3: R =Me, Ar= Arl; 4: R =tBu; Ar= Arl; 5: R = Me, Ar= Ar2; 6: R =Me, Ar= Arl

Nil-Ni5

B 5-2 Fofk L1-L6 Az FLAREAL T 1 & Rl s 25
& A1-AS &R

R Ar2: O O
Al1-A5

% A1-AS HRAE OSSR 12 G a2 1290, DL AL fil. 120 °CTF,  JERERT I A
ANZZKHREE (4.05g, 22.0mmol)  XJHZKIZ (1.97 g, 10 mmol) & [E{&5E4flfk. B
J&, BEIMAIRATEM ZnCl, (0.68 g, 5 mmol) [k HCI (3 mL), JEEN%E, FiRE
160 °CJa JF 4TI - 40 min J& , S M5 1k . 500 mL R FEF, i — & H H8 (200 mL)
EBARIREY, HK (50 mL x 3) Pk, BEEANAHE, MAEREKIEK MgSO4 i
B 40min. FEEEEIUE)S, PTASTE R IR G M0 VE R, JRVEAE CRE R =
K (10mL % 3) , Wy RIal g, B2 TERERE EE7Y (3.8g, 7% 87%) .
Boik L1 BI& R
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Bofk L1-L7 @A G K. LI L1 A, & A1 (034 g, 1 mmol) . 2-Z W&t
(0.12g, 1 mmol) IIANFAAR T F5/K ZnCly (0.2g, 1.5mmol) 28 (5mL) #, 90°C
TNREEHRERBRE 4 he RPHFIEG, WEZEKTS OB, FIRERAE LB RE
= (10 mL x 3) , SIEMGBLHOEREY), KT 78 250 mL FEREm
IINERRH (03¢, 1.6mmol) /KIEW (40mL) . FEC &R, 40mL & Fhi. ¥
REPEIRBEFE 1h J5 F/KPYEE (H20: 3 x 20 mL) , YWEEF WA, IINE R AT K MgS04
FitE 40 min. FEREELIEUESS, PTASIERORER IR GG Va5, F RV AL S BE R R
—IRA0mL x 3), it JEAS Bk i A bk, BTSRRI R4 (0.31 g, 7% 70%) -

L1 7% Hr¥dE: "H NMR (400 MHz, CDCl3) 8 9.17 (s, 1H, aryl-H), 8.63 (s, 1H, aryl-
H), 8.54 (s, 1H, aryl-H), 7.26 — 6.93 (m, 20H, aryl-H), 6.87 (s, 2H, aryl-H), 5.23 (s, 2H, CH),
0.94 (s, 3H, CH;). '*C NMR (101 MHz, CDCls) & 169.11 (N=C), 150.29, 146.19, 145.38,
143.49, 143.19, 142.48, 141.50, 134.33, 129.70, 129.31, 128.59, 128.54, 128.35, 128.09,
126.67, 126.56, 52.21 (CH), 16.78 (CH3).

J W% oy BT B s . ESI-MS (m/z): caled for CasH3iCIN3™: 564.2201, Found, 564.2194,

[M+H]".
Ak L2 8%

Bofk L2 5 L1 &R 45 (048 g, 772 85%).

L2 #%Hi M dE: "H NMR (400 MHz, CDCl3) 8 9.24 — 9.15 (s, 1H, aryl-H), 8.62 (s,
1H, aryl-H), 8.53 (s, 1H, aryl-H), 7.26 — 6.97 (m, 20H, aryl-H), 6.46 (s, 2H, aryl-H), 5.26 (s,
2H, CH), 3.57 (s, 3H, OCH3), 0.98 (s, 3H, CH3). 3*C NMR (101 MHz, CDCls) 6 170.28 (N=C),
155.48, 150.54, 145.29, 143.61, 143.11, 143.07, 142.14, 142.07, 133.73, 129.75, 129.38, 128.43,
128.19, 126.44, 126.31, 113.85, 55.18 (OCH3), 52.35 (CH), 16.64 (CH3).
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i1 3 AT B A . ESI-MS (m/z): caled for C3oH3sN3O™: 560.2696, Found, 560.2698,
[M+H]".
Eoik L3 & 3%

Btk L3 5 L1 &R 425l (042 g, 773 77%),

L3 #Z A ¥dE: 'H NMR (400 MHz, CDCls) 8 9.33 — 9.13 (m, 1H, aryl-H), 8.73 —
8.62 (m, 1H, aryl-H), 8.54 (m, 1H, aryl-H), 7.26 — 6.96 (m, 20H, aryl-H), 6.79 (s, 2H, aryl-H),
5.27 (s, 2H, CH), 2.19 (s, 3H, CH3), 0.96 (s, 3H, CH3). 3C NMR (101 MHz, CDCl3) § 168.52
(N=C), 150.68, 145.34, 145.20, 143.60, 143.48, 143.07, 142.42, 132.11, 132.09, 129.81, 129.42,
128.73, 128.38, 128.12, 126.31, 126.16, 52.19 (CH), 21.37 (CH3), 16.62 (CHs).

J 1% 53 M Bl « ESI-MS (m/2): caled for C3oH3aN3": 544.2747, Found, 547.2744, [M+H]".
EoiA L4 W&

Bofk L4 5 L1 SR 4R (047 g, 723 81%)

L4 55y Hr¥dE: "H NMR (400 MHz, CDCls) § 9.18 (s, 1H, aryl-H), 8.61 (d, J=2.5
Hz, 1H, aryl-H), 8.52 (s, 1H, aryl-H), 7.24 — 6.98 (m, 20H, aryl-H), 6.88 (s, 2H, aryl-H), 5.25
(s, 2H, CH), 1.10 (s, 9H, C(CHs)3, 0.98 (s, 3H, CH3). '3C NMR (101 MHz, CDCl3) & 168.30
(N=C), 150.69, 145.30, 145.14, 143.62, 143.58, 143.01, 142.64, 131.39, 129.77, 129.38, 128.32,
128.02, 126.26, 126.11, 125.12, 77.37, 77.25, 77.05, 76.73, 52.47 (CH), 34.33 (CH(CH3)3),
31.34, (CH(CHs)3), 16.70 (CH3).

41



iy AN T R VAT

J 1% 53 M B « ESI-MS (m/2): caled for CaxHaoN3*: 586.3217, Found, 586.3218, [M+H]".
BoAk L5 BI-& R

Pl LS 5 L1 G 4R (038 g, 773 63%).

L5 #Z A dE: 'H NMR (400 MHz, CDCl3) § 9.31 — 9.26 (m, 1H, Py-H), 8.68 (d, J
= 2.5 Hz, 1H, Py-H), 8.61 (s, 1H, Py-H), 7.15 — 6.67 (m, 20H, aryl-H), 6.56 (m, 2H, aryl-H),
4.90 (s, 2H, CH), 3.57 — 3.27 (m, 4H, CH>), 2.84 — 2.58 (m, 4H, CH>), 2.13 (s, 3H, CH;), 1.07
(s, 3H, CH3). *C NMR (101 MHz, CDCl3) § 150.24 (N=C), 144.98, 144.38, 142.89, 141.09,
139.91, 139.40, 139.29, 131.61, 131.34, 130.81, 130.67, 129.96, 129.71, 126.90, 126.83,
125.80, 125.67, 56.27 (CH), 32.21 (CH), 31.20 (CH), 21.62 (CH3), 16.09 (CH3).

J V%53 M B0 : ESI-MS (m/z): caled for Ca3H3sN3*: 596.3060, Found, 596.3059, [M+H]".
BoAk L6 HI& Rk

Bifk L6 5 L1 &R 4251 (037 g, 773 69%),

L6 Z Wiy Hr¥dE: "H NMR (400 MHz, CDCls) & 8.87 (d, J = 4.8 Hz, 2H, aryl-H), 7.35
(t, J=4.8 Hz, 1H, aryl-H), 7.25 — 7.02 (m, 20H, aryl-H), 6.69 (s, 2H, aryl-H), 5.41 (s, 3H, CH),
2.17 (s, 3H, CHz), 0.59 (s, 3H, CH3).*C NMR (101 MHz, CDCl3) & 162.49 (N=C), 157.20,
143.87, 142.29, 132.39, 132.10, 129.95, 129.55, 128.72, 128.49, 128.31, 128.02, 126.19,
125.98, 121.26, 51.85 (CH), 21.36 (CH3), 17.73 (CH3).

JRBE 5> BT : ESI-MS (m/2): caled for C3oH3aN3": 544.2747, Found, 547.2751, [M+H]".
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fofk L7 /E AN, 52555 iz —8 (037 g, 7% 69%) 126,

AL Nil-Ni7 58 5%

BAAGE T, f£ 25 mL BEEFRH AR L1-L7 (0.1 mmol), 20 mL DCM,
(DME) NiBr, (DME= Z " " HE) (0.1 mmol), =EiR#Ht+HE 12h. MfFIEE, H
URAEER ST, T RVEMRAE CBEP AR =k (SmLx3), Wdiffs B HRAEEH
W) 73 76-91%)

Nil: 723 88%. Elemental analysis: calc. for C3sH30BroCIN3Ni: C, 58.32; H, 3.86; Br,
20.42; Cl, 4.53; N, 5.37; Ni, 7.50. Found: C, 58.44; H, 3.96; Br, 20.31; Cl, 4.61; N, 5.50; Ni,
7.71. MALDI-TOF-MS (m/z): caled for C3sH3oBrCIN3Ni *: 700.0660, Found, 700.0668, [M-
Br]".

43



iy AN T R VAT

Ni2: %% 91%. Elemental analysis: calc. for C390H33BraN3NiO: C, 61.46; H, 4.36; Br,
20.97; N, 5.51; Ni, 7.70. Found: C, 61.55; H, 4.41; Br, 20.91; N, 5.41; N1, 7.61. MALDI-TOF-
MS (m/z): caled for C39H33BrN3NiO ™: 696.1155, Found, 696.1183, [M-Br]".

Ni3: /=% 87%. Elemental analysis: calc. for C39H33BrN3Ni: C, 60.19; H, 4.27; Br, 20.54;
N, 5.40; Ni, 7.54; O, 2.06. Found: C, 60.30; H, 4.03; Br, 20.66; N, 5.41; Ni, 7.33; O, 2.08.
MALDI-TOF-MS (m/z): caled for C39H33BrN3NiO *: 680.1206, Found, 680.1219, [M-Br]".

Ni4: =3 76%. Elemental analysis: calc. for C42H39BroN3Ni: C, 62.72; H, 4.89; Br, 19.87;
N, 5.22; Ni, 7.30. Found: C, 62.61; H, 4.71; Br, 19.92; N, 5.31; Ni, 7.21. MALDI-TOF-MS
(m/z): caled for C42H39BrNsNi *: 722.1675, Found, 722.1640, [M-Br]".

NiS: %% 79%. Elemental analysis: calc. for C43H37Br2N3Ni: C, 63.43; H, 4.58; Br, 19.63;
N, 5.16; Ni, 7.21. Found: C, 63.51; H, 4.61; Br, 19.41; N, 5.02; Ni, 7.10. MALDI-TOF-MS
(m/z): calcd for C43H37BrN3Ni*: 732.1519, Found, 732.1501, [M-Br]".
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Ni6: /“% 89%. Elemental analysis: calc. for C39H33BrN3Ni: C, 60.19; H, 4.27; Br, 20.54;
N, 5.40; Ni, 7.54; O, 2.06. Found: C, 60.41; H, 4.32; Br, 20.41; N, 5.31; N1, 7.20; O, 2.13.
MALDI-TOF-MS (m/z): caled for C3oH33BrN3NiO *: 680.1206, Found, 680.1198, [M-Br]".

Ni7: /=% 90%. Elemental analysis: calc. for C40H34BraN2Ni: C, 63.11; H, 4.50; Br, 20.99;
N, 3.68; Ni, 7.71. Found: C, 63.16; H, 4.41; Br, 21.22; N, 3.71; Ni, 7.80.

5.3 HZR5E

£ 5-1 Nil-Ni7 b & R 40

Entry  Complex 7/°C  Yield/g  Act.? My Mw/My© B? T/ °C)*

1 Nil 30 1.42 1.42 82.1 8.88 44 118
2 Nil 50 1.09 1.09 85.7 8.62 50 116
3 Ni2 30 0.97 0.97 122.1 14.16 43 125
4 Ni2 50 0.53 0.53 180.8 17.45 55 104
5 Ni3 30 4.11 4.11 554 6.88 41 125
6 Ni3 50 1.13 1.13 90.4 11.31 62 96
7 Ni4 30 4.22 4.22 354 5.99 41 124
8 Ni4 50 1.16 1.16 41.2 8.50 44 124

45



iy AN T R VAT

#F 5-1 Nil-Ni7 L &R 0

Entry Complex 7/°C  Yield/g  Act.? MyS  Mw/My© B! Tw/ °C)*

9 NiS 30 1.77 1.77 191.9 6.86 43 123
10 NiS 50 1.65 1.65 126.0 9.76 48 122
11 Ni6 30 1.51 1.51 55.3 8.06 66 62
12 Ni6 50 0.88 0.88 48.2 8.62 71 45
13 Ni7 30 1.81 1.81 58.6 8.63 78 46
14 Ni7 50 0.66 0.66 31.3 9.12 82 29

“Conditions: Ni(Il) catalyst (2 umol), 500 eq. MAO, 1 mL CH>Cl,, 20 mL toluene, 6 atm, polymerization
time (30 min). ?Activity (Act.) = 10° g/(mol Ni-h). “M, is in unit of kg -mol"!, determined by GPC in
trichlorobenzene at 150 °C. “B = branches per 1000 carbons, determined by 'H NMR spectroscopy, B = 1000
% 2(Icn3)/3(Ich2+chH + Icnsz).  “Determined by differential scanning calorimetry (DSC), broad peak.

(a) Yield (g) (b) M, (kg/mol) (c) T, (°C)

30 50°C 250 30 50 °C 30 50 °C

200

150

100
50

Nil Ni2 Ni3 Nid Ni5 0 Nil Ni2 Ni3 Ni4 Nis Nil Ni2 Ni3 Ni4 Ni5
& 5-330°C-50 °C T Nil-Ni5 32 PE I/ % (a), HEIr18 (b) FHER (o

H 500 HERFFEEER (MAO) WEAL 1 — FR A1 = 75 3 YA 02 7 i FH s g Y%
Ni (D BEAY). {E 6atm LMK SR 30 2 50 °CIRIZHIZ 44 F, MBRIEE Ni (1D
AR (Ni1-Ni5) 7ER G Bon i mimtE (10°g molt*hD), SRR HA Py &
S AL (96-125 °C) R LIE (R 5-1). i KR 30 °CHZE 50 °C, B 77
A IRIERPIIEA NI5 Ab, S AL Ni (I HEAL IR 208 A RIS 1 SRR
B, FIFERXANE m IR ATV 25 PR AIC (B 5-3a). X —WIEE4E AR i et
BEMEAZ Ni (1D HEAGRILE 30 28 50 °CYEH A AR ENERRTS, SBURATIVRR0E. 1k
bb, CITAE R TR FE I ARAE — e R B E AR T X — R RIS . LSRRI —
- FR BRI R 0 e B AG R NIS rFOUL 5% 3 DS S 0 M 4 355 T 0 DR JH sz R o ) AR B
Jigte, MNTHG 5 1l ) B ROORE, A RE] HERIREEAE (B] 5-3a). fELRERE
AT, XL T BRI RE AT B R G AR EI 48 (53.8-136.7 kg/mol) i
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O34 (5.99-17.45) FIRZES AR E (41-62/1000C) HIHR LI . EAERRE, PSR
W 1) - R TR 1 T R T AN [RVRE B R, [RII RE B S R 1 2 4 BiE 2 (PDD),
{H Ni5 ISR A PIBR A o SX B G AT BE 2 R T Mg M e ¢ i 28 b i AR e A 205 778
RAIAE h 5 B AL F R AU (MAO) Z AN A B T« MAO i b i) U4 A0 (P
5-4 A) FIREARAF TG, IR TRERGKIFAE T S T RENESY, FNG TR
FE A XU AT S O M o R FE T v P LA 3k BE s (R AR ELAE L, AT n s 431
B IG . X B T T RIEER ETE, R R TR R A T RE G K 13,
e I 23 PR = 20 T B MR T R AR 21 (B 5-4), T NiS (#5734 7] )3 A
THEUREEA & W B R REIRAE 77, TIREE T & TR R LS IER, MAO &
WG, ARG T2 E F EY R Z A XA K &

[FIIT, 55 B0 (7 BUACHE () H 7 28508 S 35 5 Mk g T e SR S A I R S e —
ok, W T EURIE M TR S TS R 2B S T, HAEENE, FARRAEL
HEr FIURES, (HAEFELIE P EES MAO FCAL, b N 73R4 . X AL N 1 4
JE O SR, I TR, RN BRI TE A 5 R . X R DA A A AR
SR ) Ni2 RV BRI, (=R T o FREEmE. S E R OE. it
G, At RIS G FR B BIORU T YR BRI T o AR S i HEAE 1%, X T RS2
TR SRR B [ R F T, A FEL T R R M AR R AR e MRS SR . BEAh, RN
THARI RS, 2R IR BRI N AL 1) (NiS) 1538 T o FRR s R M (B 5-3
b), X2 T HAERGS TGN e ), X522 ARG -8 12, E
THER MR, X LR AR AT BT A5 5R 2065 (0 SO0 B RO R PR S MR A G AL/

Ar Ar Ar
N Ar N Ar MAQN_\—( A
/
&\—_I?\_{N _Mao &\_—1\?\_—:(1\] + &\—N\ ':N
NI ONi Lo
Br Br LA, Me” @ Ar ¢ ® Ar
Ar A) Ar (B) Ar

Low molecular weight species High molecular weight species
B 5-4 AL FZEREC S YI7E MAO T T 7 AL O P FAS RS A s 2
s FATE G AL T A RIS BRI B Q0 IR RGN B R RS T,
HLAT WLt B B (R AR R A 711 55 A s g ML I 1 R ) R B SR B B s R0 1, 1538 0
EH A CEREE WA EmAERCE (B 5-5. @2, iR O
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JEAZIE L e AT IGE B SRR AL TR AP 25 B, (R A 2R L B o R N PRI 3

MELR AT RS B T 0k F T 2R SR R PR EEE ICRR BT B &, e R A BT

SEHR AR H T RN . XA B TR R G AT 2S5 RS R LR
Ph

Ph Ph
/,
NN S K
Br/Nl\Br :Nl’\ /Ni\
Ph Br Br {(—pp Br Br {&~pp
Ph Ph Ph
(A) (B) ©)
Act. = 1.13-4.11%10° g/(mol Ni-h) Act. = 0.88-1.51%10° g/(mol Ni-h) Act. = 0.66-1.81%10° g/(mol Ni-h)
Mw = 55.4-90.4 kg/mol Mw = 48.2-55.3 kg/mol Mw = 31.3-58.6 kg/mol
BD = 41-62/1000C BD = 66-71/1000C BD = 78-82/1000C
T,=96-125 °C T, = 45-62 °C T, =29-46 °C

B 5-5 AR ERE GILE (A, BE (B) FtEE () #EAY) N TR ik
5.4 KE/NG

ZREFTE, BAVKIIE L T — RV EATA R L7 2800 [ 55 2k FP I Mg o I v i
WREBEC S, FEREN T IR R . Hodr, MR AR AC S PRI & R & s 1,
2w R A SR Ol . TR 58 @RIy B X 70 T B AN 58 1 22 0 e A
(PDD) , X ] g2 BT AT B B4R (MAO) W& A R AAAE AR OIS T ol
BEAk, BATAS [ L R0 R AR B 2 5o 1 R s AT/ R L0 o 7. ARk
AR T T EE R PDIE AR LM, 1 F AT BN 5 7R EE . 5
TERMIAE, MEmE. g AN e WA AR AT M BB R, TR LA I B PRI, 4K
W REARIE I L R IE AT B SR PP AR LA . X — S5 R ORI T AR B SRS R3S Fr
BROIGWOREHIN R ZE LW, Pt m R M aE SRRt T 2B
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FoE —EHNEEN () #ULEREBERZE

6.1 ARE=

AR, B AT E RE 0 00 e o U R A RAE = o 1 B R IE R 1B b e R 2k A
(15,108, 120-135] 53 A4V 7 7 (A% 0 st AT I SR IO R, TRE1 T 2R A Tl
T Z k0. B, ATTIF A H & A B AN TR O AR 4548 IR R AEAG R, HE3) 1 & i
AR R4 (B 6-1 A-C) o SRTIT, XA R ML H I I RS, AT T30 3 1530 4
TEWSPERE CEM R, B EE T 300 kg/mol, S5 ZISMENE HUH) R )FE
Yo e SR IR P o A DA TR . 7F a- PR AR A R e, 1 2 )R B 5 4
5 Moy TR, I EHWEEHEMK. B, 3R1G mEE A B 5 Q0w
BEE R = T, MAh, CHRE R o- B EATIE S SRS 5 RS, AR EAT

oS
S

ANl A S TR 3K BR 1k PR KA A SR A B B 3R e ARk e DA
L.

N T AR i I < S PR A 7 e v 0 AT B S TR, BRATT e 2R
IR FAR B AR AL e T iR A 1) (B 6-1 D) o X5V 2 RIS ML e T R AL 57
FRANT 1281, S Be i A A BOR A (B AL BE, AT Bl I X R R R AR B A
o1& (10-50 kg/mol) JF HA Gy R ABEAT E LRSI R L0, X LIt
EEAT S SR A 7 3 1A)AH AR Y AR S AU L XA A5 S R TR AT R 0 2 H
o Ot P ] i B . BRUEZAE, BT TR, B BRSNS
BEJT o XA EAE R ER T FHOCEEE ST, AN AR, A SRR B AR AR TRl S 4,
REMS AT RGE ™ dh R A P Ay, DRAF I R AT AN AN fE o

Wi, L NEBEABME, KWAIREY, RS 7RISR LN
BV (53.8-156.9 kg/mol) , BE— DX HEATPEREM WL, AP ERT & =i e Bk
SRR IR, XS BA TR RIN . IXRAPRIES & AR SR AT IR R 2 R A ]
N, BA SR i APEAT AT SOPE SO A, BERS BRI Rk RE . it
RAFPERIA] KRS o SRR O PR REAE 2 SRR Fh AN Jie, TR i IR 80 T 9 L1
B RE RO AR Fab 2 S8 LA K

SN

=N
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D (this work)

B 6-1 AFIBCIRSE 4 2 SR R ARG & i TR I (A-DD

6.2 SCIRERSY
6.2.1 ELIEFNELTIRE R
ZnCl, K,C,0,/H,0
.Q CH,COOH
Q R, =
H,N Q NG
O.Q Zny-Zny
Aj-A,
PTSA DMENiBr,
oluone L5-L7 T R1 = Me CI tBu OMe
R2 = H Cl Me OMe
B 6-2 Fifk L1-L7 S IAREAL T A R 26
ZRIIBERERIA R

OH

e

R BRSO AR S U4, 7R 500 mL R B, B 2R IER BRI (20 mmol,
1.0 550 IS ARAE B AN 2L AN (5 wit%e, ZKIEB0D IITRE Y9 (V:iV=250mL : 50 mL) .
BE G, /NOHIZ =00\ NaBHs (0.76 g, 20 mmol, 1.0 &) , KIiEREAMERT
PRI 12 he RMEEHREINA 25 mL H3F1 NH4ClKER (10 wt%, KIEHD HEKKR
R, EARGEMER . BRI MAE DCM (200mL) 1, FI7K (50 mL x 3) ¥Eik.
AHUZHTEIK MgSOs THRIFIRAR, 1S3 EaEAN BARY) (3.82g, #H 91%) .
JE& A1 K& R
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0

A
HZN Q
OQ

Al FZ R E SRR AR A 4, K IR IR RE (4.58 g, 22.0 mmol) . X PR A%
(1.97 g, 10mmol) JREH) 120 °C IO H i 2= [l A4 58 @l db . BEJE, I ASEHT
¥l ZnCly (0.68 g, Smmol) [k HCl (3mL), JERNM%E, JHRZE 160 °C/aIFah1HI .
40 min J&, &BFIE. 500 mL B RS, IIA & HEE (200 mL)  _E—P SR
a4, /K (50 mL x 3) Pdk. WEAHAHE, IAEERIEK MgS04# & 40 min. fE
APEJE, I S VE ORI IR A B8 0 va 5T, R RV QB R RRERFE =X (10 mL x

3, WA A, B TREEIERTY (45g 7R 90%) .

f& A2 HIE
(0
O
H,N Q OMe

EPa

A2 5 A1 ERUTERIL (462, 77F 90%) .

A2 KRG BT 8 : "H NMR (400 MHz, CDCls) § 7.32 — 7.27 (d, J = 7.2 Hz, 4H, aryl-
H), 7.18-7.08 (m, 12H, aryl-H), 6.36 (s, 2H, aryl-H), 5.08 (s, 2H, CH), 3.44 (s, 3H, OCH),
3.41-3.31 (m, 4H, CH>), 2.76-2.67 (m, 4H, CH>). *C NMR (101 MHz, CDCl5) § 150.88, 140.10,

139.91, 136.37, 130.92, 130.35, 127.44, 126.54, 115.15, 56.49 (OCH3), 55.27 (CH), 31.62
(CH>).

5% o M B s . APCI-MS (m/z): caled for C37H3sON™: 508.2635, Found, 508.2638,
[M+H]".
f& A3 BIE R
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0

e

Q Cl
9a

A3 5 Al BRUTEREL (4458, TF8T%)
A3 BRlior M8 : "H NMR (400 MHz, CDCls) 6 7.28 (d, J = 2.0 Hz, 2H, aryl-H), 7.23

—7.06 (m, 14H, aryl-H), 6.64 (s, 2H, aryl-H), 5.02 (s, 2H, CH), 3.42 — 3.31 (m, 4H, CH>), 2.80
~2.67 (m, 4H, CH,). *C NMR (101 MHz, CDCls) & 140.82, 139.86, 139.48, 131.11, 130.49,
130.22, 128.74, 127.68, 126.68, 122.21, 56.21 (CH), 31.50 (CHb).

g M . APCI-MS (m/z): caled for CssH3CIN': 512.2140, Found, 512.2144,
[M+H]".
& A4 FIE R

A4 5 A1 ERUTERRL (5.74 g, 72 90%) .

A4 R 5r Mr 8 : "H NMR (400 MHz, CDCl3) § 7.33 — 7.30 (m, 4H, aryl-H), 7.19 —
7.09 (m, 12H, aryl-H), 6.73 (s, 2H, aryl-H), 5.11 (s, 2H, CH), 3.39 — 3.29 (m, 4H, CH>), 2.77 —
2.68 (m, 4H, CH>), 0.97 (s, 9H, CHs). *C NMR (101 MHz, CDCl5) & 140.35, 139.89, 130.83,
130.28, 128.65, 127.33, 126.49, 126.15, 56.46 (CH), 33.68 (C(CHs)s), 31.59 (CH»), 31.21
(C(CH3)3).

Ji W% 43 M $e s . APCI-MS (m/z): caled for CaoHaN': 534.3155, Found, 534.3161,
[M+H]".

BofAk L1 BB AL
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100 mL [BEJERI T, K A3 (0.12 g, 1.1 mmol). 2-ZFEFEMLNE (0.12 g, 1 mmol)
TONFIEM T /K ZnCl, (0.2 g, 1.5mmol) HIZFR (5mL) H, 90 °C FiR& A B
iR 4he RPUFILE, WMEAKES CIR, BRI B FBH R = (10 mL x
3), WIEBBNRE O AT, BT, 78 250 mL FRFEH, IMANEREF (0.3 g,
1.6 mmol) /KA (40mL). FEECSWE A, 40mL & ke, BRAM=IERHFE 1h )G
F7KBe% (H20: 3x20mL), WEEANUAH, ITIAEERITEK MgSO4 & & 40 min. i
TUESE PRI TR R AR T TR, ARV RAE Sl PR RE =R (10 mL % 3,
AR ENR A, S TFREREIERY (018 g, 773 30%).

L1 #%H Hr¥dE: 'H NMR (400 MHz, CDCls) & 8.73 — 8.63 (d, J = 4.6Hz, 1H, Py-H),
8.15 (d, J= 8.0 Hz, 1H, Py-H), 7.85 (td, J = 7.7, 1.8 Hz, 1H, Py-H), 7.44 (m, 1H, Py-H), 7.14
— 6.75 (m, 16H, aryl-H), 6.62 — 6.55 (m, 2H, aryl-H), 4.89 (s, 2H, CH), 3.58 — 3.32 (m, 4H,
CH>), 2.86 — 2.61 (m, 4H, CH>), 1.10 (s, 3H, CH3). *C NMR (101 MHz, CDCls) § 170.19
(N=C), 148.32, 146.44, 140.12, 139.82, 139.34, 138.63, 136.12, 132.99, 131.76, 131.62, 130.88,
130.01, 128.96, 127.09, 126.89, 125.93, 124.98, 122.23, 56.11 (CH), 32.20 (CH>), 31.28 (CH>),
16.49 (CH3).

[RS8 : APCI-MS (m/z): caled for Ca3H36CIN'™: 615.2562, Found, 615.2563,
[M+H]".

Bofk L2 B9E 3K
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L2 5 L1 07280, 50 RSCZ#E—E (036 g, 725 60%) 4],
Eoik L3 & 3%

L3 5 L1 &R0 (048 g, 7% 76%) .

L3 iy Hr#dE: "TH NMR (400 MHz, CDCl3) § 8.71 — 8.65 (d, J = 4.4Hz, 1H, Py-H),
8.27 (d,J=8.0 Hz, 1H, Py-H), 7.85 (td, J= 7.7, 1.8 Hz, 1H, Py-H), 7.52 — 7.37 (m, 1H, Py-H),
7.18 —6.82 (m, 16H, aryl-H), 6.60 (m, 2H, aryl-H), 4.94 (s, 2H, CH), 3.57 — 3.32 (m, 4H, CH>),
2.86—2.63 (m, 4H, CH»), 1.12 (s, 3H, CHs), 1.05 (s, 9H, C(CH3)3). *C NMR (101 MHz, CDCls)
8 148.27 (N=C), 141.03, 139.83, 139.56, 139.44, 135.99, 131.66, 130.52, 129.85, 126.75,
126.73, 126.20, 125.82, 125.73, 124.73, 122.07, 56.39 (CH), 33.96 (C(CH3)3), 32.23 (CHo),
31.32 (CHy), 31.18 (C(CH3)3), 16.35 (CH3-C=N).

s > T 4 . APCI-MS (m/z): caled for C47HasN2*: 637.3577, Found, 637.3580,

[M-+H]".
EoAk L4 & %

L4 5 L1 575K (034 g, 7% 56%) .

L3 i Hr#dE: "H NMR (400 MHz, CDCls) 8 8.71 — 8.65 (d, J = 4.3Hz, 1H, Py-H),
8.18 (d, J=8.1 Hz, 1H, Py-H), 7.83 (t, J=7.7 Hz, 1H, Py-H), 7.42 (m, 1H, Py-H), 7.09 — 6.80
(m, 16H, aryl-H), 6.54 (s, 2H, aryl-H), 4.92 (s, 2H, CH), 3.61-3.51 (m, 2H, CH>), 3.51 (s, 3H,
OCHs), 3.43-3.32 (m, 2H, CH>), 2.86-2.76 (m, 2H, CH>), 2.71-2.60 (m, 2H, CH>), 1.12 (s, 3H,
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CHs). *C NMR (101 MHz, CDCl3) § 170.94 (N=C), 156.60, 153.61, 148.31, 140.65, 139.85,

139.38, 139.28, 135.88, 132.19, 131.83, 131.67, 130.70, 129.86, 126.86, 125.84, 125.82,

124.69, 122.05, 115.06, 56.32 (OCH3), 55.11 (CH), 32.29 (CH>), 31.37 (CHz), 16.26 (CH3).
TR M #E . APCI-MS (m/z): caled for Ca4H300ON>™: 611.3057, Found, 611.3063,

[M+H]".

Bk L5 B-& %

¥ A2 (0.08 g, 1.5mmol). 2-ZFEFEMENE (0.12 g, 1 mmol) Ak 25 fXt H 2K
R — /K &4 (20mg) IIABIT/KE R (15mL) H, JREEIE 110 °C F B HE 24
he RIEERJG, JREZER IR, FIRERAE PR RS =K (S5mLx3), i
WARRNRE O, EETERARIERY (013 g, 773 20%).

L5 7%k HrdE: 'H NMR (400 MHz, CDCl3) § 8.54 (d, J = 5.3 Hz, 1H, Py-H), 8.11
(s, 1H, Py-H), 7.42 (dd, J = 5.3, 2.1 Hz, 1H, Py-H), 7.25 — 6.79 (m, 16H, aryl-H), 6.66 — 6.59
(m, 2H, aryl-H), 4.88 (s, 2H, CH), 3.56-3.54 (m, 2H, CH>), 3.50 (s, 3H, OCHj), 3.41-3.30 (m,
2H, CH>), 2.85-2.75 (m, 2H, CH>), 2.70-2.66 (m, 2H, CH>), 1.15 (s, 3H, CH3). *C NMR (101
MHz, CDCl3) & 154.40 (N=C), 149.11, 144.26, 140.59, 139.79, 139.28, 131.65, 131.50, 130.68,
130.04, 129.06, 128.25, 126.92, 126.91, 125.85, 125.83, 115.02, 56.35 (OCH3), 55.08 (CH),
32.15 (CHa), 31.40 (CH>), 16.30 (CH3).

RS M B : APCI-MS (m/z): caled for C4sH3s0CIN,': 645.2667, Found, 645.2672,

[M+H]".
Eoik L6 & 3%
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L6 5 L5 & 7ERL (020 g, 72% 32%)

L6 #Z iy Hr¥dE: "H NMR (400 MHz, CDCl3) § 8.54 (d, J = 5.0 Hz, 1H, Py-H), 7.96
(s, IH, Py-H), 7.14 — 6.78 (m, 16H, aryl-H), 6.62 (dq, J = 8.2, 4.1 Hz, 2H, aryl-H), 6.53 (s, 1H,
Py-H), 4.92 (s, 2H, CH), 3.61 — 3.53 (m, 2H, CH>), 3.51 (s, 3H, OCH;), 3.41 (m, 2H, CH>),
2.80 (m, 2H, CH>), 2.67 (m, 2H, CH>), 2.50 (s, 3H, Py-CH3), 1.16 (s, 3H, N=CCH;) '3*C NMR
(101 MHz, CDCl3) & 153.74 (N=C), 147.93, 140.59, 139.81, 139.43, 139.40, 131.76, 131.70,
130.64, 129.95, 126.88, 126.77, 125.89, 125.74, 115.05, 56.29 (OCH3), 55.10 (CH), 32.22
(CH,), 31.44 (CH), 21.21 (CH3), 16.35 (CH3).

J 4> M Bl . APCI-MS (m/z): caled for CasHaiON2'™: 625.3213, Found, 625.3218,
[M+H]".
BE L7 B9& Rk

L7 5 L5 GRS, (0.09 g, 7% 15%)-.

L7 &5y MrdE: "HNMR (400 MHz, CDCl3) § 9.49 (s, 1H, Py-H), 7.90 (d, J="7.8 Hz,
2H, Py-H), 7.24 — 6.73 (m, 16H, aryl-H), 6.54 (d, J = 9.1 Hz, 2H, aryl-H), 4.95 (s, 2H, CH),
4.16 (s, 3H, Py-OCH3), 3.70 — 3.54 (m, 2H, CH>), 3.51 (s, 3H, OCH3), 3.33 (m, 2H, CHa), 2.96
—2.79 (m, 2H, CHa), 2.54 (d, J = 14.2 Hz, 2H, CH>), 2.24 (s, 3H, CH5). *C NMR (101 MHz,
CDCl3) § 155.09 (N=C), 143.05, 140.39, 139.55, 138.65, 131.24, 131.16, 129.59, 128.66,
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127.11, 126.99, 126.23, 126.14, 125.81, 115.13, 58.12 (Py-OCH3), 56.01 (OCH3), 55.07 (CH),

32.56 (CHa), 30.55 (CHa), 21.30 (CHs).
AL M EdE: APCI-MS (m/z): caled for CasHa1O2N2': 641.3163, Found, 641.3169,

[M+H]".

AL Nil-Ni7 & 5%

ZAAAET, 78 25 mL RRSM A IARA L1-L7 (0.1 mmol), 20 mL DCM,
(DME) NiBr, (DME = Z —F “HE) (0.1 mmol), FEi&#HiFk 12h. MFIRE, H
URAEER ST, T RVEMRAE CBEP AR =k (SmLx3), Wdiffs B HRAEEH
W) (73 84-92%)

Nil: 723 90%. Elemental analysis: calc. for C43H3sBroCINaNi: C, 61.95; H, 4.23; N,
3.36. Found: C, 61.78; H, 4.09; N, 3.45. MALDI-TOF-MS (m/z): calcd for C43H3sBrCIN,Ni":

751.1020, Found, 751.1041, [M-Br]".

Ni2 /%% 92%. Elemental analysis: calc. for C44H3sBroNaNi: C, 64.98; H, 4.71; N, 3.44.
Found: C, 64.87; H, 4.65; N, 3.49. MALDI-TOF-MS (m/z): calcd for C44H33sBrN2Ni*: 731.1566,

Found, 731.1598, [M-Br]".
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Ni3 /“#% 89%. Elemental analysis: calc. for C47H4Br2N2Ni: C, 66.00; H, 5.19; N, 3.28.
Found: C, 66.12; H, 5.09; N, 3.17. MALDI-TOF-MS (m/z): calcd for C47H44BrN2Ni*: 773.2036,
Found, 773.2066, [M-Br]" .

Ni4 /"% 87%. Elemental analysis: calc. for C44sH3sBroNoNiO: C, 63.73; H, 4.62; N,
3.38. Found: C, 63.68; H, 4.58; N, 3.27. MALDI-TOF-MS (m/z): calcd for C44H3sBrN,NiO™:
747.1515, Found, 747.1532, [M-Br]" .

Ni5 /=% 84%., Elemental analysis: calc. for C44H37Br2CIN2NiO: C, 61.19; H, 4.32; N,
3.24. Found: C, 61.24; H, 4.18; N, 3.28. MALDI-TOF-MS (m/z): calcd for C4sH37BrCIN,NiO™:
781.1126, Found, 781.1120, [M-Br]* .
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Ni6 /“% 86%. Elemental analysis: calc. for C4sHsoBraNoNiO: C, 64.09; H, 4.78; N,
3.32. Found: C, 64.21; H, 4.84; N, 3.24. MALDI-TOF-MS (m/z): calcd for C4sH4oBrN,NiO™:
761.1672, Found, 761.1661, [M-Br]".

Ni7 /=% 84%. Elemental analysis: calc. for C4sH4Br2N2NiO2: C, 62.90; H, 4.69; N,
3.26. Found: C, 62.84; H, 4.76; N, 3.18. MALDI-TOF-MS (m/z): calcd for C4sH4oBrN2NiO> "
777.1621, Found, 777.1654, [M-Br]".

6.3 ZHR5TiE

# 6-1 Nil-Ni7 104 i o TR R 205

Entry  Complex 7/°C  Yield/lg  Act? My Mw/My© B¢ Tw/(°C)*

1 Nil 30 2.11 2.11 115 1.6 74 51
2 Nil 50 1.06 1.06 65.8 1.56 &3 38
3 Ni2 30 1.41 1.41 99.6 1.43 76 52
4 Ni2 50 0.52 0.52 63.4 1.5 87 33
5 Ni3 30 1.78 1.78 70.9 1.64 64 51

6 Ni3 50 0.87 0.87 594 1.44 78 30
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R 6-1 Nil-Ni7 LS =D TER LG

Entry Complex 7/°C  Yield/g Act? My Mw/My© B¢ Tw/(°C)*
7 Ni4 30 1.72 1.72 108.2 1.65 55 77
8 Ni4 50 0.84 0.84 81.2 1.65 77 44
9 Ni5 30 1.64 1.64 126.2 1.73 74 54
10 NiS 50 0.69 0.69 53.8 1.55 78 37
11 Ni6 30 1.42 1.42 156.9 1.74 73 55
12 Ni6 50 0.72 0.72 103.6 1.6 84 53
13 Ni7 30 0.73 0.73 136.7 1.6 64 72
14 Ni7 50 0.48 0.48 88.8 1.57 80 50

“Conditions: Ni(Il) catalyst (2 umol), 500 eq. MAO, 1 mL CH:Cl,, 20 mL toluene, 6 atm, polymerization
time (30 min). *Activity (Act.) = 10° g/(mol Ni-h). M, is in unit of kg mol", determined by GPC in
trichlorobenzene at 150 °C. “B = branches per 1000 carbons, determined by 'H NMR spectroscopy, B = 1000
% 2(Icn3)/3(Ich2+cn + Icns). “Determined by differential scanning calorimetry (DSC), broad peak.

(a) Yield (g) (b) M, (kg/mol) (c) BD (/1000C)
25 (an 30 s50°c | 200 30 50°C 100 . 30 50°C
83
2 2 L2 50 g0 | | Tigm 76 78 75 77
64
1.5
100 60
1 40
0.5 S0 20
0 " A n . 0 A A A . . . . "
Nil Ni2 Ni3 Ni4 Nil Ni2 Ni3 Ni4 Nil Ni2 Ni3 Ni4
6-3 30 °C-50 °C'F Nil-Ni4 1335 2HFm 1% (a). 2 FE (b)) MALE (o
(a) Yield (g) (b) M, (kg/mol) (c) BD (/1000C)
156.9 30 50°%C 100 84 N
150 7571 1478 13 74 30
80
100 60
40
. 50 20
0 . . . " 0 . s . " 0 . . . .
Nid4 Nis Ni6 Ni7 Ni4 Ni5 Ni6  Ni7 Ni4 Nis Ni6  Ni7

-, #E4L5F) Nil-Ni7 78

B 6-4 30 °C-50 °C ' Nid-Ni7 52| R 21 % (a). 40T & (b) FXE (o
R 6-1 Fron, 7E 500 HEMH LA (MAO). 4JEE /) 6 atm F1 30-50 °C4%

RS R mETE (10° g molh™), R RA w1k

(55-87/1000C) Al HH &5 4% f1(30-77 °CO ISR G R B B [ MR M 30 °CTHZ 50 °C,
PRSI, BACSUERERL (B 6-3a, B 6-4a). X —45EEH, XHKALEW
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FARMEALRIAE il T IR E B SS, SBURMLAI B RE . JAh, ZETEmiR T3
JE (R BRARAE — e R bt 2> G B0E M BRI

P 5R SR 4 T R E IR B 1T i B35 IS, Xl TR R B, B
A T K HE R (B 6-3b, B 6-4b). T35 LIHIST AL 2 AL AT &
ARG ST BOR, B RGBT S, ROGHRSA R TS (B 6-3
¢, B 6-4c). IX—LRRM, BEEIREN T, BEATEMBERA 2 A A A B
AT . DRI, XSS SRA W s Bl SCAV 3 I AR S B (AR 2, 7EAH
R T, FE75 0% 4 500 BA SEBURIER Nil HEALFIE X S A 7 ch R DU S R A
Wt (B 6-3 a, B 6-4 a), TEMLIEE AL 4 S AT FH IR Ni6 1 40 7754 7] %
HRRES FRESMERLE (B 6-3b, B 6-4 b), X[ HERH AR T HUREESE
B ARG I L EAE R, JLEARGTT A S Ak, ME DAY S A (0 AR

SR, ST E AR, X S IR B R L TR, X 5 UK
WAEANE, KA T8 (53.8-156.9 kg/mol) LA A [FFLE () X IFIEARTFE1E N 0%
WS IRRAE, SRR T b AR P R AR R s AR L 19 e ANRE Y BC R
AT ERESO) (B 6-5), BT L0 SOk R B AR N, AFTEM S K LI C4+
S, X PR T R G Y TG T R IE R A R

RO oY & [ R GBy O aPr P B
D O T - h g >
ot P e o W ™? N vt ®e
RS W Y™ ey O™
R PPN AB
E-_ A '59‘\
‘L““ \?)\\

uB,
BB,

vB, to yB,
1B,

—
BB, to BB

brB,

3

=
- =

BZ
1B,

brB,
brB; to brB,

==}
—

)
. A [

40 39 38 37 36 35 34 33 32 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10
f1 (ppm)

B 6-57F 50 °C'F, Ni2 L1525 20 13C NMR i & 5387
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6.3.1 BAWRHAEFNIN T 1% 8E
# 62 BEWIIN RS RN T RE

Strain Stress SR
Ent. Precat. MFI  Transmittance® pv/
(%) (MPa)’ (%)

1 Nil 1664 9.13 35 16 84 151
2 Ni2 1729 10.58 37 18 87 182
3 Ni3 1617 5.46 45 22 &9 321
4 Ni4 1691 10.51 30 17 86 213

“Conditions: performed at 5 mm/min by means of a Universal Test Machine (UTM2502) at room temperature
(25°C). bStrain and stress at break values. “The strain recovery (SR) values can be calculated by SR = 100(e,
— &)/ea, where &, is the applied strain and &, is the strain in the cycle at zero load after the 10™ cycle. “MFI of
polyethylene samples is in unit of g/10 min, determined by the meltindextester: temperature, 190 °C; weight

pressure, 2.16 kg. “Light transmittance in the 380~760 nm bands. /Volume resistivity is in unit of 10" Q-cm.

N TR ARG RE, X AT T — RAIPUAIN T AR, a0
R 6-1 iR, MBI QAR BRI 85 1) S BE R HP IR s, IR EA IRy
PEARM R RIS FHTE J1. T IR T fx Sepp AU 14, X e Nil-Nid
LA AT B IR IR AT T AU ERE IR . X SR 25 R R W] (R 6-2),
Nil-Nid 7 B0 SR S s i R W 2482 )1 {EL7E 5.46 1) 10.58 MPa 2 [A], WiZ R A HE 1617-
1729%2 18], 1325 ZA5 M L EAG U0 5 R R VR REFIIE A RL B . b Ah, FERL I
J§273- R AR - %A R IR, RIS AR ) SRR (B 6-6) 0 WX BSAPRLIEAT (1 Hir fif
IR, VR FRE Y, JEETE 30%%2 45%2 11 (B 6-7).

SN ERE, BEIFR LR LR R I SRR ThERE . o MFI O abie
HO RBIGEIERRATER bR, LR 10 28053 (g/10 min) RoR. Bl E 1A
TEARF 8 W RO ) 21 T IE I b Ak FL O M B & MFL T AEREE . HF AL Athuin T
AR SIS RO ST DR BC B R, B MFI E BRI e lid T 75 22
WEERAF RN, anGBATRl, — OV BT BRI 9 R, DA AT R i T
VEAEAFA 7 2% JUATTIR AN P4 A ZZ BN T E . £E 190 °CAHI 2.16 kg HYEE & /) F3kAS
1) MFT R4S R, MFIER &, JUETE 16-22 /10 min 2 8] XVAREFEATHER
REW T EMAE.
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b, HIEETE 2K PDRHB 4 [TERTE 380-760 nm 1698 i A Py FLAT R 25 (84
89%) FIEHHRLHLIZ (151-321 x 1015 Qm). SR, SXLEH bR LIS T K EehhbbE
FIFIAREPR MR RY . ORI POE R, SR N T vy H 253
X0 5 2 5 4 TR A g 196191,

12-
— Nil-30 °C
10{ — Ni2-30°C
- — Ni3-30°C
& 8{ — Ni4-30°C
s
wn
S
= 4
V3
2.
0

400 800 1200 1600
Strain (%)

-~

6-6 Nil-Ni4 (a-d) £ 30 °C NS 35 ZJGHFE 5N J7- W AR 28

(2) 209 _ia0ec (b) 5.5 Ni2-30°C
E1 54 EZ.(]
=15/
g, o 215
2 2
g £1.01
@€0.5 )

/e
/I}/’ p SR =35%

=
>

. : 0.0 #H
0 50 100 150 200 250 300 0 50 100 150 200 250 300
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(c) 55| NB30°C (d) —Nid-30°C
1.5
=2.04 =
[ -
2 1.5/ 210
@ 2
£1.04 £
@ #0.5
0.5 ;
0.0 . . . . SRI=45°/. 0.0 . . ‘ ‘/,' . sul=30%
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Strain (%) Strain (%)

B 6-7 Nil-Ni4 7F 30 °C (a—d) THEIFER OEHEMEIE L. NAAREME (SR) mHEd LT A
5 SR=100(c, - &)/ea, e ] 300%, ¢, BN TE 10 RIGH TN ARE .
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6.4 KE /NG

L5 LRTR, BATRIN G R T — R 2R FE IR BRI E AR AT, X S A7) R
A6 AN [ L 2050 ) A O P AR S, A ) BRI 5 i AR 1) Fl AR T o 2R B vk
FIFAS 3R LRIV BTA — e s, T LB e S 3 MR R o IX SRR LR A B L
TiHAR K 717 (53.8-156.9 kg/mol) FHEESALE (55-87/1000C) [5R £ 0d . 8%
BT 5R CARM BHEAT WU REIAR, 45 R R RN (1617-1729%) AEHLS:, [H
i BAAEFRIREYIN T (5.46-10.58 MPa) FIBPERE R (30-45%). BEAL, MFI U
5 (1622 g/10min). FEHEH (84-89%) FIAFLHEFLZE (151-321 x 10 Q-m) M &E45
KB, IXERPRAE G AR S M i S T T
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B1E REERE

A SCGHEFEHEEAL I BTG, RGRR 1 e I e B AT 06 J Sl %
ROIGIERTE S0 He T R85 HAIRH L A s o) S B % KB R e TSI S T L, i
TIIFR T o= G ER  MENE I 58 e 22 B3 i SRR 2R, o 1 HEALSRI SR 544
LN 5 ZM R EETE . SRR RCR L T RE 2 TR B A AE SR I LR S h

(1) BEFRA I MR e o- P RAR AT, I P AL AR S5 R i
BEREATAE, AIETER RS TR SRS T LA

(2) R AL PSS BT 5 i 28 51 FAT H 7 RO 10 L e I fre B i A7), dX
AL C 0 R & PRI R SE 1, 3201 R LI 7> T 'BAR, SRS . Wi
R, BRI R I S s 1, 10 R SRR AL R A TR IR, X — 225
533 AL PRGN 3 DIAR G o

(3) g 18 B B GBS (L R e ML S B4 1), 15 202K )6 B
ESACREL R A 5, N R S 45 i SR At 1 BB

(4) PRUF T 2RI P PRAE e I e SR AL TR R - T e R B e AL R RE 15
By EEENE KR, IF LA IR RINURERE, & T 6 RE R AR .

ZR LRIk, ASHEFCONE FI R OIE I st R A 1 R IRYE SRR &, A B D)
Jr AV < Je TR i SR e IS PR SRBBE LA, AEZERE S Tokh R 7 B 2 A
BRI KK, TR, Rl NAN BCAL IR 7R it FOR S8 B
TI R R PRIR LIRS G BT
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