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mp: 191 C, tHNMR (300MHz, CDCls, 8, ppm): 7.04-7.26 (m, 20H, aryl-H), 6.16 (s,
2H, aryl-H), 5.44 (s, 2H, CHPhy), 3.52-3.59 (g, 2H, OCH>), 3.08 (s,2H,NH>), 1.11-1.16
(t, 3H, CHa).

13C-NMR (300MHz, CDCls, 3, ppm): 151.19 (O-CP-Ar), 142.57, 135.83, 130.81,
129.54, 128.54, 126.70, 115.06, 63.30 (CHPhy), 52.49 (O-CHy), 14.79 (CHs).

MS (m/z); calcd for CssH31NO, 469.62; found, 471[M*H]*.
Anal. Calcd: C, 86.96; H, 6.65; N, 2.98. Found: C, 85.67; H, 6.37; N, 2.86.

IR cm't (KBr); 3427.4, 3363.93 (NH2), 1263.52 (C-O).
6V Vo Ug (o8 S D-F (o youd 350607 V) N NI 350w ¥-1-0-¥
(V) Cymos|
YA MI) GygleoliaYY ((YAA MmOl A /F g) (V) Jsl dl o 50 oos angd Cael 5l Joloeo
ol az 0 A glos Jo (Yer M) (Selgs o (Ve MY) sl SSgdlgus 3elei /il o (V/FR mmol
el V8 Gae @0 ' Sliwlipo SaS b o 00l 085 o2 565,192 0 celo Y o 4 01,5

Al adlsl YO Mb) Jeikie oxilesdl vel> 4y g 83> P> Ll jo ol ool J18 WS, o

23,5 yob ¢ SlUSlss 5 Qg S 60 Pl (alwgts o 5 aasd Jgilio b o SBlo Jgams
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mp: 242 C, 'THNMR (300MHz, CDCls, 8, ppm): 7.24-7.14 (m, 24H, aryl-H), 7.04(d,
8H, aryl-H), 6.96 (d, 8H,aryl-H), 6.42 (s, 4H, aryl-H), 5.15 (s, 4H, CHPh,), 3.68-3.74
(g, 4H, OCHy), 1.21-1.25 (t, 6H, CH3), 1.15 (s, 6H, N=C-Me).

13CNMR (300MHz, CDCls, 8, ppm): 170.51 (N=C-Me), 154.52 (O-CP-Ar), 143.50,
142.74, 141.57, 132.23, 129.64, 129.38, 128.39, 128.10, 126.43, 126.15, 114.60, 63.26
(O-CHy), 51.76 (CHPhy), 16.65 (N=C-Me), 14.75 (CHs).

IR (KBr, cm™); 1262 (C-N), 1639.17 (C=N).

Anal. calcd for C72HeaN202: C, 87.41; H, 6.52; N, 2.83. Found: C, 87.98; H, 6.19; N,
2.82.
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Anal. calcd for C72HesBroN2NiO2: C, 71.60; H, 5.34; N, 2.32; Found: C, 72.12; H
5.73; N, 1.88; IR (KBr, cm™); 1599 (C=N), 449 (Ni-N).
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'HNMR (300MHz, CDCls, 8, ppm): 7.45 (d, 4H, aryl-H), 7.34 (d, 4H, aryl-H), 7.20-7.01
(m, 32H, aryl-H), 6.71 (s, 2H, aryl-H), 6.48 (s, 2H, aryl-H), 5.96 (s, 2H, CHPhy), 5.71 (s,
2H, CHPhy), 3.83-3.76 (g, 2H, OCHy), 3.73-3.66 (q, 2H, OCH>), 1.23-1.22 (t, 3H, CH3),
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1.20-1.09(t, 3H, CHsa), 0.65 (s, 3H, Pd-Me), 0.34 (s, 3H, N=C-Me), 0.12 (s, 3H, N=C-
Me).

Anal. calcd for C73Hg7CIN2O2Pd: C, 76.49; H, 5.89; N, 2.44; Found: C, 75.77; H 5.62;
N, 2.25.

IR (KBr, cm™): 1578.62 (C=N), 528.7 (Pd-C), 437.73 (Pd-N).
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Eager 300 Summarize Results

Date : 28/01/2017 at 12:05:56
Method Name : NCHS
Method Filename : Copy of Copy of N C H S-bkp .mth
Filename AS Method Vial
kimiaghlam-200
# Group Sample Name Type Weig. Pro.F ---
200 1 Aminl UNK 0.758 6.25 ---
Component name Element %
Nitrogen% 2.867414236
Carbon% 85.67577362
Hydrogen% 6.370610714
Sulphur% 0
1 Sample(s) in Group No : 1
Component Name Average
Nitrogen% 2.867414236
Carbon% 85.67577362
Hydrogen% 6.370610714
Sulphur$% 0
Ph NH, Ph
Ph Ph
CuHuNO Cale. Found
Carbon % 86.96 85.67
0
7 Hydrogen% 6.65 6.37
Nitrogen % 298 2.86
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Eager 300 Summarize Results

Date : 03/12/2016 at 12:43:16

Method Name : NCHS

Method Filename : Copy of Copy of N C H S-bkp .mth

Filename AS Method Vial
kimiaghalam-110

gl Group Sample Name Type Weig. Pro.F ---
110 1 L2 UNK 0.622 6.25 ~---
Component name Element %

Nitrogen% 2.822867393

Carbon$% 87.98144531

Hydrogen$% 6.192890644

Sulphur% 0

1 Sample(s) in Group No : 1

Component Name Average

Nitrogen% 2.822867393
Carbon$% 87.98144531
Hydrogen% 6.192890644
Sulphur% 0

Ph Ph
Ph H Ph CnHaN:0: Cale.
o N N o Carbon % 8741
— — Hydrogen® 652
Plg,h P';h Nitrogen % 283

Found
87.98
619

282

(V) oS 55 s e 5T gl 1V -F S
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Eager 300 Summarize Results

Date : 11/03/2017 at 11:25:37

Method Wame : MCHS

Method Filename : Copy of Copy of N C H S-bkp

Filename AS Method Vial

kimiaghalam-65
i Group Sample Hame Type Welig. Pro.F ---

65 1 NiL2-3 UNE 0.737 6.25 ===
Component name Element %

Hitrogenk 1.884576082
Carbon% 72.12593079
Hydrogenk 5.7332553886
Sulphurs o

1 Sample(s) in Group No : 1
Component HName Average

Hitrogen% 1.884576082
Carbon% 72.12533079
Hydrogen% 5.733255386
Sulphurk ]
Ph
Ph o CrHBRNNIO,
H Carbon %
0 N N 0
— }4~ LN :
[ Hydrogen®
Ph— Br Br Ph
Ph h Nitrogen %

Cal.

TL60

Lu

.mth

Fomnd

.12

188

AR QUVCCHPIWRPSEN b1 |} 0 TS
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Eager 300 Summarize Results

Date : 03/12/2016 at 12:43:22

Method Name : NCHS

Method Filename : Copy of Copy of N C H S-bkp

Filename AS Method Vial

kimiaghalam-111
i Group Sample Name Type Weig. Pro.F ---

111 1 pdL2 UNK 0.754 6.25 ~--
Component name Element %

Nitrogen$% 2.25401783

Carbon% 75.77991486

Hydrogen% 5.628961563

Sulphur% 0

1 Sample(s) in Group No : 1
Component Name Average
Nitrogen% 2.25401783
Carbon% 75.77991486
Hydrogen% 5.628961563
Sulphur% 0

.mth

CraHs>CIN:O2Pd

0 N N 0 Carbon %
I\ Hydrogen®
H-.C ClI S-Ph

PR Ph

Nitrogen %

Cale.

76.49

5.89

Found

75.77
5.62

2.25

(F) oS 55 s paie LT VO-F
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rexo

mwW

Ni-40 c kimia, 22.11.2016 12:10:39
Ni-40 c kimia, 4.0000 mg

Lab: METTLER STAR® SW 12.00

$ 4505 DSC ol Fg0 5 Yo-F IS

Aexo

mw

KPE-68, kimia, 22.11.2016 10:47:59
KPE-68, kimia, 4.0000 mg

*:U

50 0

PR T T R RN |
—t—+—+——1— —t

I

50 100 150
0

0 200 250
PO S A S S S S N S MR | PO S T S S S N S SR | I
t Tt =t
3

bt
35 40 45

°C

Ly
—t—t—

20 23 30

50 53 min
Lab: METTLER

STAR® SW 12.00

Y 4905 DSC pl 590 5 VV-F S

10V



rexo

3
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1
T - VN YT T [N T TN I T T T YT Y N N N A T

80KP, 05.12.2016 09:39:30
80KF , 4.0000 mg

N

w

L%

—

o

|
[ary

o

Lab: METTLER STAR® SW 12.00

A 403 DSC gl S0 YY-F S

Aexo

mw
Ni-90c - kimia , 03.12.2016 11:13:28

4 Ni-90c - kimia , 4.0000 mg

Lab: METTLER STAR® SW 12.00

A 4905 DSC pl Fg0 5 YV-F S

YOA



rexo

mW 1 Ni-3 kimia, 24.11.2016 11:56:38
2 Ni-3 kimia, 4.0000 mg
0
-2 -
_4_
30 0 50 100 100 50 0 50 100 150 200 250  °C
L L LA e e o B L o T B e e I B R I
0 5 10 15 20 25 30 35 40 45 50 55 min
Lab: METTLER STAR® SW 12.00
AY 4903 DSC gl S50 5 YF-F S
Aexo
mwW |

Ni- 5b kimia, 26.11.2016 11:58:37
Ni- 5b kimia, 4.0000 mg

Lab: METTLER STAR® SW 12.00

AY 45505 DSC ol 90,5 YO-F S

104




rexo

mwW

| pd-rt kimia, 06.12.2016 09:40:19
pd-rt kimia, 4.0000 mg

Lab: METTLER STAR® SW 12.00

AY igas DSC ol S50 5 Y9-F IS

pd-40 kimia, 06.12.2016 10:54:17
pd-40 kimia, 4.0000 mg

LN s B B e s e s B B s s s B B B N A e e B s s B B e e B N s s s s s s B R B B S B
0 5 10 15 20 25 30 35 40 43 50 535 min

Lab: METTLER STAR® SW 12.00

A 45505 DSC ol 90,5 YY-Y S
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1  PD60CKIMIA, 06.12.2016 12:30:54
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ABSTRACT

The Ligand N,N'-bis(2,6-dibenzhydryl-4-ethoxyphenyl)butane-2,3-diimine and the
corresponding palladium(II) and nickel(I) based a-diimine catalysts were synthesized
via a multi-step reaction, and characterized. These LTM catalysts used in polymerization
of ethylene. The structures of the both complexes were optimized, and the theoretical
parameters were presented. The effects of reaction parameters such as polymerization
temperature, co-catalyst to catalyst molar ratio and monomer pressure on the
polymerization were investigated. Both of a-diimine catalysts demonstrated that to be
thermally robust at high temperature about 90 °C. The highest activity of the nickel based
catalyst (494 kg PE/(mol cat.h) was obtained at [AI]/[Ni]=600:1, t,=90 °C and P=5 bar.
The highest activity of the palladium based catalyst (330 kg PE/(mol cat.h) was also
reached by 2 equivalent NaBAF (cocatalyst), t,=40 °C and P= 5 bar. Binary
polymerization of ethylene was carried out using the nickel and the palladium based
complexes, and compared with corresponding individual of the catalytic systems. The
average molecular weight, MWD of the binary polymerization was between the
individual catalytic polymerization. The GPC analysis showed a narrow MWD 1.44 for
the nickel based catalyst, 1.83 for the palladium based catalyst, and 1.61 for the binary
catalyst system. However, the activity of the binary catalyst was lower than the two
individual catalysts. The obtained polyethylenes have almost high molecular weights in
the range of 1x10°. The branching density of the polyethylenes generated by the binary
catalytic system (30 branches/1000 C) is lower than of both the nickel based (51/1000 C)
and the palladium based catalysts (40/1000 C). XRD study of the polymer chains showed
higher crystallinity obtained in polymer samples with lowering branching. Also, FT-IR
confirmed that all obtained polymers are a low density polyethylene (LDPE). In addition,
the synthesized PE/MWCNT nanocomposite via in-situ polymerization showed the
higher thermal stability (27 °C in presence of 3.88% MWCNT) than neat PE. The SEM
investigation on the morphology of the samples, showed that the morphology of the
palladium catalyst and related PE are virtually spherical according to replication
phenomenon. The MWCNTS play the role of a bridge and an end-cap in the composite.
However SEM images for the nickel based catalyst and related PE demonstrated the
amorphous structures for them. The morphology of obtained polyethylene by the binary
catalyst system is the same as the both catalyst morphologies.

KEYWORDS: catalyst polymerization, LTM catalyst, a-Diimine catalysts,
polymerization of ethylene, binary catalyst polymerization, LDPE, Nanocomposite.
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