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71 71e] wHel s Ashe wlzvjeld gjtesr yAe] Ak dAdEe], 4] 7l del ¥A4d 4A
3]

A7 orEAl AE7F 9A= MSUMishigan state University) AlY, SBA(Santa Barbara) A, MCM(Mobil
Composition of Matter, Mobil Co.) Al¥ % KIT(Korea Advanced Institute of Science and Technology,
KAISD A92 TAHE ToRE Hu5i Ae 5H0R sz odd gt v F.
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Si(OMe)s

A7E 9

Ao FujE o] & Jgd
AT 10

A9l AolA,

100 U1A] 200 €9 L&ollA WS Fadsts AS 5FH R g dgd o|FAs g,
A7 1

A9l lef A,

20 WA 40 bare] StHOIM Rbg& Fddt= AS SHCR sh ol o] A|S; wkeH.

yige] dy
7l & & oF
w e v xes AYgh dAF 7)ke] oldRl o)Al st b8 v 7 o)) fimo] wih Aojut.

g7 e
Y, S#aY, AW A 2 F3 Ao gt 2 82 A3 A8 U3 S (linear alpha
olefins, LAOs)2 T3 4] A9 & b= o] AR 3L glvk(Nicholas, C. P. Appl. Catal. A 2017, 543, 82-
L Ogek deojof Ay Uy YA dEdS 2% EYE 3 odd SadIE Fd FAE F Ao
(Bruumncx P. C.; Weckhuysen B. M. Angew. Chem. Int. Ed. 2013, 52, 11980-11987). E£3], oldd o]
Al S Z3 A= 1-Fd(1-butene)> AY AEE ZEodA (LLDPE) 7 22 ZESdAe] AlxolA
FAR=MZ gy AR w el 7P miE el LAOs F dbolti(Al-Jarallah, A. M.; Anabtawi, J. A.:
Siddiqui, M. A. B.; Aitani, A. M.; Al-Sa'doun, A. W. Catal. Today 1992, 14, 1-121). ¥4¥t¥ o= 1- HH
o £xv U FA ¢ v AFTS 2T F e LEAFY] FALES] FHE A 9
A =& FFo R FAHo ok o} (McGuinness, D. S. Chem. Rev. 2011, 111, 2321-2341). A¥H o=z g
Ell Olaiﬂﬁ}—e‘ Te 1-FEe] MdEA AN M T8 2 2 ged EA4 F vt FHle =
ek 1-F8le] YA Aj2=gle] sfbel] BWE AF7F REE o] ghrt.

o

A0, s e B4 220 d@ g e 23 A ANARA, 5471 SAAWR), GEA f
| ZEAPOP) R ALl E Fol we FHE wglon] o5& odd ofgAE Wl 4P we B4

*

7

o NS WolFQvk(Liang, J.; Liang, Z.; Zou, R.; Zhao, Y. Adv. Mater. 2017, 29, 1701139). —r#u}
Wz Zel~ A7 2 (mesoporous silica material, MPSM) 7|¥Fe] XA A= Zu) 28, &z 9 7hx) ¢} 7
2 ek S8 Foro didt JFH FEAddE E:ILO]'—L, Aoz & AT Q.

kst 3 B Z=v] A]~®l(heterogeneous catalyst system)ol thH3F AGEo] H iy
3 9laL, o2 oAlgd oA} wheA Ee Fu) &4 F dYAAS GASSIARN, oF Fe oA 1
WA FAGE FAHoR 8 Ful HE@A4stE At FA™] dok((a) Hulea, V.; Fajula, F. J.
Catal. 2004, 225, 213-222. (b) Lallemand, M.; Rusu, O. A.; Dumitriu, E.; Finiels, A.; Fajula, F.;
Hulea, V. Appl. Catal. A 2008, 338, 37-43).

Az 714 WAgstdA 2 duase Fd e 9AHS 48 F e MR Eadd S
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olst, MANE Fatel B MWL US A Austud @k ol WAL e2A B wye A 9
F Aom, B owwe] ezt olF AAelel ola AdHE Ao ANHA g A FYANA B A4
& 4 AA QoA AEE Aotk webd B ool Adxel Wt ArE JFFEN A5 4R

29 3
QubAel 4] iy

NMR 221 E# S Varian ASA00( Hol thal 399.937 MHz, Coll thal 100.573 MHz)3} Bruker 500 MHz Ascend %3
AR N2k, N, 2 2@ gz =248 77 Kol 4] BELSORP-mini II (MicrotracBEL Corp., Japan) 7]7]1&
=Rt RE 7t~ aEaE 289 (G0) BA1S FID 7AE7] 2 HP-5 EA% AH(50m X 320 um X 0.17
um film thickness)©] &% Agilent Technologies 6890N Network GC A]Z~®l (Agilent Technologies, Inc.,
Santa Clara, CA, USA)S AF&sle] a3l BE AEL2 v YZhE A (=go] olo]2/olAlE F)olA
A-Hld oEAS BESe] A xSt FElo] i 1f S (3" Fde & 2 Fujo] Ni g% Alo] <
H&/h)S BEsE el QiR 33 WA vge At H7sth. GC-NS 41 adista (A g,
k)l Al DB-624 BT ZE (30 m X 250 um; ZEF T, 0.25um)= o83 MSD 5977A (Agilent)Z} A3tH
GC 7890Bo.Z 4839 tt. BE AMIZo| 5te] dAd-ua} tlololZ = ATR MM E]7} A=E ALPHA FT-IR
Spectrometer (Bruker Optics)olA ZEgo]-w3l A9 A (FTIR) &3S Sasdrt. Fo4= o AEuE (em
D= EAHAT. TA-4 MAS-NMR A F-S KBSI A
ol A sttt 3 & 10 kHzol Ak,
3 A Al AT H MR &8H4 o5 0 ppmoll A Bl EHE AT (INS) S o] &5te] B AFCH,
96 X-d 34 54 20 <20 <40° 9 He A YA ZE Cu Ka A (A = 1.5418A) % 40kV, 30 mAol
A ZAEsE X'celerator AE7]E AME3}E Rigaku D/MAX Ultima IIIE o] &3l4tt. I BAS N2 38
(50 mL/min) 3FellA 10C/ming] A% £%=2 Scinco TGA N-1000 AH|E o] &3t 3. 4
PN

A5 AIE ($F7) 9] Bruker AVANCE I1+ 400MHz NMR A]2=%l

_I‘z- ru{o

Ee omse] H-C (P HE Ak @ 27 Alole] 329 A

5
r

»d
m
oX,
o
H
=

Instruments DSC Q202 A4 tf7] oA A3tHa, AL 10(-10)C/ming] 719 (37 =0 S22 33}
Aok, FAF AR Av] A (SEM) ©]u A& JSM-7001F (JEOL, Japan) &An74S o]&3le] =R, A x4
ICP % €93 nuwsle], 4% 23 Zgtze-Yx 9= 239 (ICP-AES, iCAP 7600, Thermo Scientific)<
o]-gste] FAsITt.

A3 Ase] F#H 2 Ax

BEE A B s AYE EX-olA FYdsidlen, MEE BAHA] g2 g, F7F AA §lo] AFEsIdiY. B
EoRks 2 2L MR FAHA &2 3, N, 7] stellA ST, HjEAd 7] dhSollA AR E SR

|12 EFF Hxbo] wEl AZXSATD. D. Perrin and W. L. Armarego, Purification of Laboratory
Chemicals, 3rd edn., 1988, Pergamon, Oxford). RE FHZ3}® Lu]= Cambridge Isotope Laboratories
and Aldrich2%-8 T938}t}.

“[A-(EgEA A FE |-4-wE-2,2" -H]2F 2 (4 -[4-(Trimethoxysilanyl)butyl]-4-methyl-2,2’
-bipyridine). 3}%E L1)

at7] wheA 1ol we} shehe Lle skl
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Si(OMe);

_/  n-Buli, DIPA 2
o0 T O u
Cl=™~""Si{OMe},
T ;WS AR T vk EERRTE 2417 AR 100 T QoA AEA7IAL BE WhEE A4 Sl
A RAgedct. MA, 0.84 mLe] @A3 DIPA(diisoprpylamine)®} 16 mLe] AA3 THFE ©9& % 3.4 mL9 2.5
M n-BuLi(n-buthyl lithium)S 0 TeollA HH3] Po]Fi 308 AHAXE 4ol FUtk. o]k sA]
-2,2

4.4 -tholwE-2,2" -vl2vgd 1 g& 40mLe] AAE THFA HATh. 30%0] At & 4 4" -tholme-2 2" -H]
2~ dE NG n-Buli FMol] 0 TolH HH3] YolFx 1A7F 59 B} 4o] FUT}. o] v -F22=Z2Y)
EFuEAAYS 1 nlE 4 Lo BAE THF =ct. 1/\17%1 A F (-FRRIZI)EWEALY A &9
S O EFE HA3P Muksta 0 CollA 2A17HE o ATt 1 & EFES oz 23 6A17
oF Aot 6A1%F F EFE] olHE 24LS @7}0}1 ATL7IZ SlE SUAA, = uA 3§
Bl 4 -[A-(EWEAND R 4-wE-2, 2 -0ATY 1.6 (58 8%5)S FHSAT. H MR (500

Hz, CDClg)I & (ppm) 8.54 (m, 2H), 8.20 (s, 2H), 7.12(d, J = 4.0 Hz, 2H), 3.55 (s, 9H), 2.71 (t, J =

3.6 Hz, 2H), 2.43 (s, 3H), 1.73 (m, 2H), 1.58 (m, 2H), 0.75 (t, 2H, J = 3.2 Hz). 13C NMR (125 MHz,
CDCly) & = 156.2, 151.8, 148.7, 147.3, 134.2, 130.9, 124.7, 122.4, 26.8, 24.1, 23.8, 21.8, 20.4.

SBA-15 (1% =71 4 nm)

Toaie SgaAE ARRSl] L BAlA SAIRE HdART T vbe Eeka] 4 g o] P-123, 104 mLo]
B3 20 L o] g HCIS ¥ FHd w7bA] wiadgutE o] &3t HdiEww Aok, Tl &
o 8.56 go TEOSE HA3] H7Met §, T v Z~a5 35 C Fxo] Fi 24A7H6<t éM ATk, 244]
3 Y EeeaE olgste &9 W wAE #Ystal, EEE AAE 60 TRl 6AIF AT A
X 95 F 0F ¥u 18T 1 CTH 500 T7HA] SEWA 6A13F 5 FAAA 4 me] 7]¥ A7]E ZEE SBA-
155 533t

SBA-15 (7] Z7] 7 nm)

= outg Zg AT E AVRS 7] A QB A SAIZF ARAIFHT. B2 vt S AT 4 g 9] P-123, 104 mlLe)
5720 L o g HCIS Y3 FY&d w7bx] viadgnts o] 838t HAdEER Aok, T &
o 8.56 g9 TEOSE HA3 H7Me &, T H} Zg~3E 35 C &4 FiL

vk EE2AE 100 T 8o @i 24X gk § ek Eet2AE o838t & Ul nAE

%_ =
ki, BEE aAE 60 CTLEA 6A1%F Zﬂi/\]ﬁﬂr. ﬁ& g8 F o Y 18T 1 TH 500 CT7HA|

SBA-15 (7] =7] 10 nm)

=2 g Zgags A}&aﬂ A QoA SAIRE AEARAT. T vky EekaTol 1 g o P-1233 3.84 g9
KC1S 60 mLe] IM =9 HCIS Y31 FHa)d w7+ wlzyg }a oj-gate] HER ATk, Fraid
ool 0.84 mL«] 1,3,5- trlmethylbenzenee g1 24 7FS U] Ao]FUTt. 2417 & 2.28 g9 TEOSE %3]
A7he & 10 S O AlolFdeh. 108 F wladlgutE HEFa e vy FeaaE 35 T 3ol T 24

ZoF x| etlth. 24A17F & T wpet E‘r*l—e— 100 CA Qo Wi 2447 M & et EEs
£ o]&3ate] & W nAE sk, EEE 2AE 6 oA 6AIZE AXAIZAY. AF g5 F 22

Y9y 189 1 C® 500 C7HA] WA 6A17F SoF 514 A]ﬁ 10 nm9] 7]& 7S z2tE SBA-155 53515t

i
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HD-L1
EF (4 mL) F SBA-15 (250 mg)e] &Erio] L1 (100 mg)S H7betich. whe EES dAisld 24 AIZF 5
ot 714 EFAIFAT. AEE BEES Aqyeta, EF<, Ik 2 DOMeR MFHS . S, Bae JFEtel

100 ColA " AzA1A, HD-L1S AlZ35H5 ).

LD-L1

E24d (4 mL) Z SBA-15 (250 mg)e] &EFHo] L1 (10 mg, HD-L1¢ A=xd AFg F ko] 10%)S H7}s8lic).
EFES it 24 AZE F<F 7HE SRAHG. AdE BES osia, EF¢, A4 F Do R M A
o, 2 5 BOS AF3e] 100 ColA v AFAIA, LD-L1S A FsFSc).

LD-L2

= (4 mL) % SBA-15 (250 mg)e] @AEe] L1 (5 mg, HD-L19] A|Zo| A8 A %9 5% Hrrselodrt. =

flo

0
[e]

At 24 AZF HoF 7 BFAZRG. AANE BEES oy, EFQA, @A = Do
k. 2§, 24s FAFstel 100 CTollAl WAl AZRAIA, LD-L2E A Z=3F3iTt.

]
o

£
ol
-

HD-1 (2.25 wt% of Ni)

2718 MeOH (5 mL) T2 NiCl, - 6H,0 (300 mg)2] &9 HD-L1 (100 mg)S H7lslsith. AAdE EgE8 A
204 24 AZF B AAE] wwtelgitt, EFES 94 BEstn IAE MeOIZ 33 AFHSIAT. ARAIZ F,
Ak WA ;Ao HD-1& F53FTE. 2.25 wt%Q] Ni &=Fo] 2IE At

HD-2 (7 nm, 2.52 wt% of Ni)

71% MeOH (5 mL) 2] NiCly - 6H,0 (300 mg)e] &o] HD-L1 (7 nm, 100 mg)S H7I8kct. AAE &=
Ao 24 A7 Bk HAS] wwreith. EES 94 EElsta TAES MeOHE 33 AT, AxRA
S, A WAl Ao D25 53T, 2.52 wt%] Ni g=Fo] Iz},

i)

2L o

i

LD-1 (0.21 wt% of Ni)

2715 MeOH (5 mL) 3¢ NiCl, - 6H0 (300 mg)e] &o] LD-L1 (100 mg)& H7lsldct. A" EgES A
2ol 24 AIZE Fob A matssitt, EFES 94 st 2AE NeOHZE 33 AlHSAT. dzA7 F,
A WA A 9] LD-1& 58kt 0.21 wehe] Nio gHFo] S i,

LD-2 (0.10 wt% of Ni)

=71E MeOH (5 mL) %9 NiCl, - 6H,0 (300 mg)e] &9l L S A
oA 24 ARE EQE A ambelink. ERES 94 EElstal IAE NeOHE 33 AlFSIGi. Ax &, A
o WA 3| 9] LD-25 533, 0.10 wt%e] Ni gego] FlElct.

LD-3 (7 nm, 0.27 wt% of Ni)

2719 MeOH (5 mL) <] NiCl, - 6H:0 (300 mg)e] &<o] LD-L1 (7 nm, 100 mg)S H7Fetdvt. AAE &E3E&
2oA 24 AZF Fot HHF warednt. EIES U4 BYstn nAE MeOHE 33 AFdIT. ARA

S A
= =
71 %, de A wA9 LD-3 (7 nm)E F55Th. 0.27 wt%e] Ni ko] ghel=gr).
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LD-4 (10 nm, 0.31 wt% of Ni)

2718 MeOH (5 mL) ¢ NiCl, - 6H0 (300 mg)e] €] LD-L1 (10 nm, 100 mg)S H7I8kdct. Eg&ES A
2ollA] 24 AIZE Fob AHE] mt k. EFES U4 B8t 1AE MeOHE 33 AlHEAY. A2 &, &
o A 1A LD4 (10 mm)E $5359th. 0.31 wt%e] Ni o] ).

NiCly - 6H,0 (1 g) @ 2,2'-t}o]H ] (0.5¢2) S A Al 129 FF oeks 3dnl=z 747 fIHA AL, F
SA5 EFeha 4.5 7 BoF BFRAZT. W F, AdE Adws oueta, bR dueR AFsta, 1
T otollA] Az, dd A 2ol =3 Ni(bpy)Cl,E A% THO0.11 g, 12%). Anal. Caled for

Ni(bpy)Cls + HsO (NiCioHioNosCl50): C, 39.545 H, 3.32; N, 9.22. Found: C, 40.06; H, 3.28; N, 9.20(D. G.

Yakhvarov et al., Russ. Chem. Bull. 2007, 56, 935-942; B. Brewer et al., J. Chem. Cryst. 2003, 33,
651-662) .

Ar-57 228 dx , Ni-1 v (2.03umol)E 54 Feh(8mL) 2 Et2AICI(AAF F IM &, 3o oAt
3 AADE A4 AolRe] wHA I wlaulg wtr]7l AR 45-ml +E &7](Parr Instruments Series
471400 EFetent. e &712 g1 F2BE vkrolA AT, e E2IES 108 B9 —"*0}"’ 5
et 259 AP, gz, ofE whgU|E oldd 7k~ B 9 Schlenk Q18 FH|SE T-ZJE of4l
Ege dAsdrt. 1 v W EFES 4 oAdd b gellA 0.5—1/\]71} Bt 20 CollA ks,
45 5, WVIE gl FEdoRyy abdsial, Awe] =etoofo]/opAlE Z(-78T)olA W¥ZHA7| AL
ZhtE oEdAs HEAZT. WSS AR 2 Wl do], kg EFES EN(aliquot, 1.0nL)& =eto]
ofo] /ol E 2 Ul XS 4-npL wlo]d= FH T, Ikl BE(0.5mL, 10mmol)& AUE9 7'<47}6}_L njo]
&S EEta, A7, AoR J2AIZAY. AdE 2 &S B 2 d7bA] NaSi0:0 wFE 84

SAoZ AFSFIL, NaSOolA AZFAIZ1aL, GC-FIDZ #2433 Yh(S. T. Madrahimov et al., ACS Catal. 2015,

WA, dE e EgMEA Ad-viest ©@ vzdgd fs(sheh] 1 EE L1ow ®A, vk 1
) S SBA-150)] ZEEZE A|A, thdd WY L1 2Y WEE ZH= bpy-SBA-16E 253190 t}F. o]ojA TEFY
NiCly - 6H05 ©]&83 F53l(netalation)E B3 T3t Ni 29 UEE 2H= Ni-SBA-15 & A %35}S T},

2 So], 250mge] SBA-15% 0.29mmole] L1o.2 a3t & &7]% MeOH & F2Fe] NiCl, - 6H,0 (1.2mmol)=
F&slete] 2.25 T Ni 29 UEES zk= HD-18 A2s L, 250mge] SBA-152 0.029mmol ] L1oZ A2
3 oS kY] NiCl, - 6H, 0% Agste] 0.21 5399 Ni 29 YES zk= LD-13 A28k th(ICP-AES £
= &3 =)

HD-L19] IR @ NMR 4] A7}= SBA-159] ZWol| @te g2 go] Z2AE WalelA HolFEth, R AHEH
A% 3), B L1 9 Si-C ~EAANAMY] (NS 77F 1622 2 1056 cm oA ¥EE AT, EH, 500-900

em'o oFg WER -CH-o WY R 27 meo] slgelar, 2805 om o WEE wawede BAY AZ

_|_4

(branched chain)ollA] —CHy- A3te] 2E# HolA] 7]Qlgtt}, o]zst AFE F3)] L1o] SBA-159] ®Hel| X374

i

= 4] PC CPMAS NIR HAEH A, 151.2 2 123.4 ppme] HAA = 3
= 37 U9 gie qFEHIAT. ™F wWEA7] As7) 47.3 ppmoﬂ A FEE I, 10-35 ppm F-o] 4719] ¥
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%= 59 SEM % TEM ow|AE Fa & oA AzF Ast 7| %‘x}%(SBA—w , ID-L1 2 HD-1¢] seje} 7
T TE2E FRIEtt. = ba 9 Sbell yER wiep o], nk® FEFR dxpad ojfolE EFSHE ~4 nnol
ARE& 2te T50] HEshA #HRHAT. e, o ¥y 2 VTS L1 e 3 (bDY)Nl(H) (% 5¢-50)8 &
A3 Folm FHE= AL Felsdtt. = 6o AAE PXRD L 27 (100), (110) 2 (220) A= <44
H 20 =0.7, 1.83 ¥ 2.139A4 9] 35 Yepa, 3 AEE = 2 F59 EY9A #ideE Aew
Ebstth. olefdk d4S {7]-F7] selHE= @oﬂﬁ TFT HFHE Aor HAEGoH, oF V¥ ZW

7]
7] BE3 AgAolE W Alo]le] X-ray scattering contrast AR 1%k Zo]t}(Zhao, H.; Jiang, Y.;
.y Cai, M. New J. Chem. 2015, 39, 2106-2115).

Q
2 oago A Alxd Ayt 7)¥k gA=(SBA-15, HD-L1, HD-1, LD-L1, LD-1)¢] €% <q¢AHA

e 2 s 9
AFF A0 FAFAT. = 79 vehd vhsh gol, o AES R §v) BAZ A% A2 GGo
Aol A 2%ae) F2 E40] Aelstor], 500 T dHow egAel Aol HaALIT 500 T ol Fol
A2t Ewel 2AZE B L1 A=} (bpy) Ni (1D el Falm a) 49a d¥alrt Hassi, = 2
o Az A AN uhst gol, BE AN 1 AuelA FAF J1FAM] RAM $HOE AW M

S| ~H g A2 FE(hysteresis loop)7F EE At T 1o] QoFd ulel 7ol Brunauer-Emmett Teller (BET)

A A3 (bpy)NI(ID) ZHEe] 3W Fal Berl S7bghel weat x93 2 715 HAo] d&H s Fraste A

o w yehgth. Ni-1 HZ5°] ICP-AES ¥4 A& S, & 2o Az e whet 0.1 WA 2.25 53%°]

Ni s FRlstion, o5 g2 EDX 4ol o) —irﬂi A==, olE 8l Nigl o] 0.1 UK
L1 7

2.19 TF% WY Aol AAHAG. 53], SBA-1529] g Uxh gragtel whek Ni gge] fhasE Ao
2 UERRT
[E 1]
N1 contents (wt%)
Compound SAper™® [m’g"']  Pore size [nm]
ICP-MS* EDX“
SBA-15 - - 995 4.0
HD-L1 - - 448 33
LD-L1 - - 521 3.7
HD-1 225 2.19 387 32
HD-2 252 2.6]
LD-1 0.21 0.26 458 36
LD-2 010 0.12 458 36
LD-3 (7 nm) 027 0.33 662 6.8
LD-4 (10 nm) 0.31 0.35 549 9.1

28 Agpr = Brunaver-Emmet—Teller (BET) surface area, *Determined from at least three times
of measurement, “Determined from ICP-MS. “Determined from EDX.

ggoz, B oage wel Alzd Hujso] thete]l fA-A ogd o] gAst wES s, 1 A= 3§
71 & 29 et
[£ 2]
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a

o=l o] A|st v A}

catalyst
P > P Other linear olefins? + Polymers®
Anhydrous heptane
Pressure Intrinsic activity (IA, mol Jmol lhir
Entry cat AN (bar) — N
Temp (°C) aC,  pCy cf Cd Cs.1df
30
1 HD-L1 70 150 - - = e i
30 8742 62=3
2 HD-1 70 55 32%1 556 (59%) (41%) -
30 T71 £ 21 31866 134 £27
3 27 %2
3 HD-1 70 150 244 £37 527+28 (63%) (26%) (11%)
10 5 srragy 273 239229 154%13
4 HD-1 70 156 20534 227462 " 0L (28%) (18%)
) 0 911£28 88824  412:11
42 4 +2
5 HD-1 700 i 5+14 48625 (42%) @0%) (5%
& 3 30 2159 23010 445%16  387%13 1442
b o 150 (22%)  (24%)  (46%) (40%) (14%)
e 30 hegrany 1062% 360528 900%15  152%26
& s ™ 150 2 (74%) (18%) (8%)
30 - 3405 % 16 840 %21 177x11
8¢ LD-1 700 150 2521+18 884%17 7~ o) (19%) (%)
30 112422 18221 987
e 22 2
9 LD-1 70 {55 885222 239%16 oo (13%) %
§ 30 2063243 lo3leg 89322 SOIE1l 330222
10 LD-2 700 s 2062 =42 1031+ 28 (15%) (17%) pin
11 HD-2 70 30 20636 16122 457+43 191 =18 87+34
(7nm) 150 (63%) (26%) (11%)
LD-3 30 1336+ 3080+24 1528+ 18 25112
2 744+ 2
12 (Tnm) % 150 178+ "y (64%) (31%) (5%)
LD-4 30 , 1287+ 2668+24 144115 26817
13 (10nm) 1% 150 B8I=12 e (61%) (33%) (6%)
30 208+ 17 112+ 18 86+9
g )Cl
14 Ni(bpy)Cl: 700 150 101 £13 107+ 14 (51%) (27%) (22%)

“Reaction conditions; catalyst 2.03 mmol of Ni, heptane 8 mL., reaction time 30 min. *Olefins were identified by
GC-MS and quantified by GC-FID after bromination of products. Nonane was used as internal standard. Olefins
longer than C,o were undetectable by GC-FID. “As an insoluble polyethylene confirmed by DSC. “Molar ratio
between ELAICH and Ni. “Standard deviations are based on five runs of catalyst (entries 1-12), and three runs of
a control (bpy)NICl; (entries 13). The insoluble polymer was not included in IA calculation. /Selectivity 1s based
on ethylene consumption towards products. #Reaction time 60 min. *(bpy)NiCl; catalyst (2.03 mmol) was used
as a control.

8
3%
z Mo
=)
9
i,
o
%)
%
N
Lo
=2
=
ot
e
=2
i)
oX,
o
rJ

L1 YR o R AE-s) ZE A wsker, o= (bpy)Ni(II)
717F gl A5 ek = vkgo] dojubA] &g UEY (3 2, entry 1). HD-1 (2.25 S3%9] Ni)e| 4
G, A2olA 30 bare] 3 e

(intrinsic activity, IA)°o] 87%2(molpreauct/molyih), HF-El (C4) Ae&Alo] 5992 Zw] FAo] ug-
2 YUBWTHE 2, entry 2). 23, 150 T, 30 bare ek W oldd ¢+ oA wr3S ST A, Zv)
o] el Frkste, 771 £ 219 1A #F 63 %] C4 AEEE RAFHU(RE 2, entry 3). 10 bar9 ¢4E
Sl A RES Al TA #he) A (462£73)7F wEREAE, 71d IES 30 barE FAIEATE 2, entry 4).
wgk, 2Fu (Et,AICH S %7t 7004 700 eq® S7F & of [A @62 911+28% Ads| F7tsksictt. (& 2,
entry 5). Wk RE ¥ 150 T, 30 bard olgd ¢ty @ 2EY] F% 700 eq X

a8y, ¥4 N 2Y Ux (NI 2.25 %) S zhe= ID-19 73 3

WS Ay nEAF FAAAEY Zddd (PE)o] AAE o] &4 wkg H-9le) uhe
Atk -1 98 5 xE mx 4o e pSC HE &
GAEArt. ek, H5E Fuje] SEM on| A A A, ko]
43 "o e AE &t om, DSC AMEL(thermogram)ollAl el H==3% e H(melting

Sh A

)
=
=2
AT
e
22
i
ol
o
=2
>
o
il
)
o
%
i—l‘;
ot
e
olo
.,
=)
Biis
i)
o
=
ok
=
Ho
PIURNLS)
0L O

o

range)(115-131 C)& & tHEAAS (polydispersity index)E 2zt PES YERATH(E 8).

v 2o N 29 UE (NI 0.21 %S 2= LD-19] A9, 150 C, 30 bar9] ogd#dl o+ 2 ZZuwjo] &
% 700 eq ZACA o o]FAE S AT A9, 1A kS 3605£28, €4 AHAL 7492 e, ol
o] &Aool HAFA F7leke AL ISP oM (F 2, entry 7), ol#3 ke WbS Al7lo] 6002 TSl
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A FAEE AoZ FRAHJG(E 2, entry 8). WA, HD-19] A5 kg Azke] 6082 T71d A9
IA Zto] 4451602 A 31A %ié}"ﬂﬂ(ﬁ 2, entry 6). o83 A3} LD-10] 71 w3 A7k =<k PE AA )
ofsf W&t A Ferhes AS o lffhﬂr. a8y 93-S 10 bar 2 70 eqollA e A, LD-19] 1A #2
11244222 A A AP o (E entry 9) HD-1 Bu= ofd3s] Zuf gAjo] ¢

olelg ATH= (bpy)Ni(ID) Zvie] ﬂx] MEst DAY PARRe] AN Fad
GHE RERE A, ot -15sl e Fol S48 ALl S olnlA B DS A
1% 5 Q= 8).

SHEAE, LD-1 (Ni 0.21 5% Rt § 22 NiE 73 LD-2 (Ni9 0.1 5% A%, 5d =13
[A ZHe 3893+228 Z7lalglovl, a-C4ollA B-C4 Aelxo] 53%ol A 50%= 7AstHA wEAE AA
(C8-10)9] AAFE 152426004 330+27 F71ets Ao & YEWTHE 2, entry 10). A&7 43+ AA 9 7
A7) w3 Q3 Qholth, oF Eo] HD-2 (B7 7 nm, Ni 2.52 %), LD-3 (B4 7 nm, Ni 0.27 wt%) 2
LD-4(Z7 10 nm, Ni 0.31 2% & A¥, 7|¥ A7/} S71E855 1A 73 ¢4 AgAde] gasin, 53
718 A717F 10 nmY A9 24 AE7F A5 SUbskeE Ae® YERG U (E 2, entry 11-13).

ofi

3 ofl e

fzTFo 24, (bpy)NiCl,ol &0 &AL 150 C, 30 bard ek Ul o gdd o+H slolA Aldsigion, 71 23
1A Zho] 208172 ZFu] Aol wjg- e Aoz e, oj& Wkg AlF A Fo| Fujrl vj@4gst HASS
PN R =

O & 150 T, 30 bar9] ek W odd +H Floll A LD-19] AMAE 7HeAS AlEET. FAIH R U
%ii e, a2 EZS o]gsle], 3fE s hdd AHI F, QAFatd] dxAA Zzte RS
Fastatt. 54 23, Fvle AlolEo] M wef 1A gk, o-C4 WA B-C4 AYxr}t fhshe S o

=

BRI AIRE, 1 A ARV A8 JHE 5 e 4 AEE VI fASE Ae® S AT
3).
[£ 3]
Intrinsic activity (1A, mu!ml‘lfmulmhjﬁ'd
Cycle
a-C, B-Cy Cy Cs Csao
1 2543+ 12 (53%) 1062 (21%)= 18 3605 (74%)=15 900 (18%)= 15 152 (8%) 21
2 22B0£28(51%) 1154 (27%)+£ 16 3561 (7T8%)=21 812 (16%) = 21 102 (6% )+ 28
3 2420+ 16 (53%) 1054 (24%) 21  3514(77%%)£28 950 (19%) = 16 131 (4%)+ 23
4 2327 £ 26 (49%)  1100(29%) £26 3459(78%)= 16 B31(17%) =28 148 (3%) = 16
5 2256+ 11(50%) 1134 (29%)+ 12 3407 (79%)=17 884 (17%)= 30 122 (4%) £ 24
6 2106+ 13 (48%) 1327 (30%) £ 18 3433 (78%)=28 846 (20%)+£27 109 (2%)+ 21
7 2196 £ 21 (50%)  1165(27%)+ 14 3361 (77%) £ 21 862 (20%0) = 21 113 (3%) = 19
g 2044 £ 19 (48%)  1342(32%)£21  3386(80%) =26 T8E (18%) = 25 98 (2%) =21
9 2028+ 23 (48%)  1327(32%)+£26  3355(80%) =11 TOL(17%) = 16 108 (3% ) =29

10 2029+ 26 (49%) 1274 (31%)+£28 3303 (80%)=24 737 (18%)£21 79 (2%) =26

“Reaction conditions; catalyst 2.03 mmol of Ni; temperature 150 °C; heptane 8 mL; EGAIC] {(IM m heptane) as a

co-catalyst, molar ratio between EAIC] and N1 (Al/N1) 700, reaction time 30min. The catalyst was recovered and

then washed with dichloromethane, hexane and toluene. ¥0lefins were identified by GC-MS and quantified by GC-
FID after bromination of products. Nonane was used as internal standard. Olefins longer than C g were undetectable

by GC-FID. “Standard deviations are based on three runs of catalyst. The insoluble polymer was not included i TA
calculation. “Selectivity is based on ethylene consumption towards products.

o ge] Y RS A JlEstasnt, 99 Bgel A4S /b AA QelA ol
98 FAY AEe B nAe AAFE Rolul, ol els) ¥ wel WAt AT Ae] opd He
B gtk mebd, B owge 4ane Wes ARE JTIEN A5 S4Bl oste] geldrin
@ Aol
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k1
N2

AU,

Adsorption amount (cm®/g)

Ni-SBA-15s

@ D
g 8

g 8

]
E

SBA-15

HD-L1

HD-1

T
4000 3500

BB.ﬂﬂ 25'00 2600 |5IN 1000
Wavelength (crmi’)
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Er4

r

EHS
=327 4 nm 7 nm 10 nm
SEM
TEM
EH6
. — SBA-15
= HD-L1
| — HD-1
=
<

T

2
20 (degree)
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Weight (%)

H7
100
954
90+
851 — SBA-15
— HD-L1
— HD-1
801 — LD-L1
LD-1
75 - - : . -
100 200 300 400 500 600
Temperature
H8

Heat flow [mW)

T

T T T T T T
100 105 110 11§ 120 128 130 4135 140
Temperature ("C)
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