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Novel nickel based FI catalysts with different ligands from well known salicylaldehyde
imine ligand, to naphthoxy-imine ligand were designed, synthesized, and characterized.
The effect of synthesized ligand on ethylene polymerization was investigated. Extensive
experimentations have been carried out using the nickel catalysts after activation with
methylaluminoxane (MAO) to study the ethylene polymerization behavior of the prepared
catalysts comparably. Substituents on the arene moiety and/or the backbone of the ligand
influence the activities of the active sites of the catalyst during the polymerization. There-
fore, not only polymerization behavior varied, but also versatile products regarding molec-
ular weight, crystallinity and melting point were obtained. The crystallinities and melting
points of the polymer obtained at the temperatures of 10, 30 and 60 �C were 58%, 39%, and
14% and 130, 97 and 88 �C respectively.

� 2015 Elsevier Ltd. All rights reserved.
1. Introduction

From the metallocenes to post-metallocenes and then to
late transition metal catalysts, a series of landmarks can be
defined during the chronological development of the homo-
geneous olefin polymerization catalysts. These include the
bis(cyclopentadienyl) titanium or zirconium dichloride
[1–5], the C2 symmetrical rac-ethylenebis(indenyl)titanium
dichloride (isotactic PP) [6–8], the Cs symmetrical
isopropyl(cyclopentadienyl-1-fluorenyl)zirconium dichlo-
ride (syndiotactic PP) [9], the ansa-cyclopentadienyl-amide
titanium or zirconium dichlorides (constrained geometry
catalysts, CGC) (ethylene/a-olefin copolymers) [10–12],
the a-diimine nickel(II) and palladium(II) dihalides
(branched polyethylenes (PE)) [13], the 2,6-bis(imino)pyri-
dine iron(II) and cobalt(II) dihalides (linear PE) [14–16], the
phenoxy-imine-based Group 4 transition metal catalysts (FI
catalysts) (living polymerization of ethylene and propylene)
[17] and the neutral single component salicylaldimine-
based nickel (II) alkyl or aryl catalysts [18]. From the com-
parison of these different homogeneous catalysts, one can
observe that they are based on a limited number of metals
(Ti, Zr, Hf, Fe, Co, Ni, Pd), therefore, the main differences lying
on the diversity of their ligands. Additionally, it can be
observed that only when a particular ligand set combines
with a certain metal a desirable catalytic activity is pro-
moted, whereas many other ligands may fail. The reason
why it happens is still remains a mystery, which is in fact
one of the driving forces for further research in the develop-
ment of new and high performance catalysts. Coordination
of a ligand to a metal not only alters its basic physical and
chemical properties, such as color, solubility, stability, and
symmetry, but also affects its electronic distribution and
coordination environment leading to varied electronic,
magnetic and catalytic properties [19].

It is worth to note that, sometimes, the ligands can also
influence the catalytic performances of the catalysts in
olefin polymerization through the establishment of
non-bonded interactions of the ligands with the growing
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polymer chains, which are coordinated to the metal cen-
ters. For instance, our previous research revealed that FI
catalysts containing fluorinated aryl phenoxy-imine che-
late ligands demonstrated to induce unprecedented living
polymerization effects with both ethylene and propylene,
through an attractive interaction between one of the fluo-
rine atoms in the ligand and a b-hydrogen atom on the
growing polymer chain [20].

Due to the significance and versatility of the ligands in
the homogeneous olefin polymerization catalysts, the
design of the precatalysts is mainly focused on the design
and modification of the ligand itself. A large amount of work
has been devoted to the modification of FI (Phenoxy-Imine)
ligand and to the understanding of the chemistry of its metal
derivatives, these subjects being addressed in reviews pub-
lished recently [21–23]. Presence of the N,O-heteroatoms
coordinating FI ligands makes the complex more electro-
philic renders the M–L bonding properties of the FI catalysts
more ionic or polarized relative to other mentioned cata-
lysts, which may cause the stronger affinity to inorganic sur-
faces and the higher tolerance to polar functionalities of the
FI catalysts. A literature survey indicates that the FI ligands
are mostly coordinated to the transition metals, such as tita-
nium, zirconium, hafnium and vanadium [24–26], while
less attention has been paid to the FI nickel-based catalysts
[27–29]. Therefore, in the present study, following to our
recent research considering the principles to design FI
ligands [30–33], nickel based FI catalysts have been synthe-
sized and applied for ethylene polymerization. Herein, we
wish to report the details of this study.

2. Experimental

2.1. Materials

Dimethoxyethanenickel dibromide, dichloromethane,
methanol, p-toluenesulfonic acid (p-TSA), phenol and phenol
derivatives were supplied by Merk Chemical (Darmstadt,
Germany) and were used as received. Paraformaldehyde,
3.0 M Ethylmagnesium bromide in diethylether, 1.6 M
n-Butyllithium in hexane were purchased from Aldrich
Chemical Company and used as received. Toluene was
obtained from Merck Chemicals, n-hexane was supplied by
Arak Petrochemical Co (Arak, Iran), the chemicals were pre-
pared from distilling over sodium wire, stored over 13X and
4A activated molecular sieves and degassed by bubbling with
dried nitrogen gas before use. Polymerization grade ethylene
(purity 99.9%) was supplied by Iranian Petrochemical (Teh-
ran, Iran). Nitrogen gas (purity 99.99%) was supplied by
Roham (Tehran Iran). Methylaluminoxane (MAO) (10% solu-
tion in toluene) and Triisobutylaluminm (TIBA) (purity 93%)
was supplied by Sigma Aldrich Chemicals (Steinheim,
Germany).

2.1.1. Ethylene polymerization
The polymerization was performed in a stainless steel

Buchi reactor size 1 L equipped with an agitator. The reactor
was evacuated and purged with N2 several times at 110 �C
for removing of oxygen and moisture. Toluene was added
into the reactor at room temperature and saturated with
ethylene gas. TIBA was used as scavenger and added to the
reactor before addition of the MAO. Following to, various
MAO and catalyst ration were added respectively with stir-
ring at 800 rpm under specific ethylene pressure. Ethylene
gas feed was started and the pressure of reactor was kept
constant at the applied monomer pressure for each run. At
the end of the polymerization, the residue ethylene gas
was released out of reactor and the polymer slurry was
quenched with acidic ethanol. The polymer was filtrated,
washed with ethanol and dried in vacuum oven at about
60 �C for 8 h.

2.1.2. Polyethylene and complex characterization
1H NMR spectrum was recorded on a Bruker BRX-100

AVANCE spectrometer. Elemental analysis for CHN was car-
ried out by CHNO type Thermo Firingan 11112 EA microan-
alyzer. Differential scanning calorimetry (DSC) (Universal
V4IDTA) with a rate of 10 �C/min was used for the PE char-
acterization. The degree of crystallinity of a polyethylene
sample can be calculated from its heat of fusion which can
be determined by differential scanning calorimetry [34].
Calculation of DHf/DHf � � 100 gives the values of crystallin-
ity where DHf is the heat of fusion and DHf � = 69 cal/g is the
heat of fusion of 100% crystalline polyethylene. Intrinsic vis-
cosity [g] was measured in decaline at 135 �C using an
Ubbelohde viscometer. Mv values were calculated through
equation [g] = 6.2 � 10�4 Mv

0.7 [35]. All the catalyst prepa-
ration and polymerization procedure were carried out
under dried N2.

2.2. Synthesis of 2-hydroxy-1-naphthaldehyde

The procedure was used according to Ref. [36]. To a stir-
red solution of b-naphtol (2 mmol) in ethanol (30 mL) a
solution of sodium hydroxide (10 mmol) in water (50 mL)
was added. The resulting solution was heated to 80 �C
and chloroform (2.4 mmol) was added via dropping funnel
over a period of 1–1.5 h. The ethanol and excess chloro-
form were removed and hydrochloric acid was added
dropwise to the residue in order to neutralize the excess
sodium hydroxide and to liberate the phenolic aldehyde
from its sodium salt. After filtration of sodium chloride,
the residue was distilled under reduced pressure. The
obtained colored oily distillate solidified on cooling.
Recrystalization of the solid using ethanol obtained the
2-hydroxy-1-naphthaldehyde in a moderate yield (51%).

2.2.1. Synthesis of 1-[(phenyl)imino]methyl-2-naphthol
To a stirred mixture of 2-hydroxy-1-naphthaldehyde

(10 mmol) in methanol (30 mL), aniline (11 mmol) was
added over a 5 min time at reflux condition in the presence
of trace amount of p-toluenesulfonic acid as the catalyst.
The reaction was monitored by TLC and after disappear-
ance of the initial compounds, the solvent was removed
and the solid product was purified by recrystallization
from ethanol. The yield of the reaction was about 90%. 1H
NMR (CDCl3): d 7.07 (dd, 1H), 7.10 (d, 1H), 7.17 (d, 2H),
7.46 (d, 2H), 7.68 (m, 3H), 7.93 (d, 1H), 8.05 (d, 1H), 8.42
(s, 1H, CH@N), 12.40 (brs, 1H, OH). Anal. Calcd. for
C17H13NO: C, 82.57; H, 5.30; N, 5.66. Found: C, 82.51; H,
5.33; N, 5.62.
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2.2.2. Preparation of catalyst 1
Dimethoxyethanenickel dibromide (DME)NiBr2 (1.2 mmol)

and ligand 1 (1.2 mmol) were combined in a Schlenk flask
under a nitrogen atmosphere to prepare Ni-based FI catalyst 1
(Scheme 1). CH2Cl2 (25 mL) was added to the solid mixture.
The produced suspension was stirred for 12 h at room temper-
ature. Solvent removal of the suspension resulted in formation
of a brown solid. The solid was washed with Et2O several times
and dried in vacuum. The yield of the reaction was about 70%;
mp: >300 �C. NMR characterization was not possible because
the compound is paramagnetic. Anal. Calcd. For C17H12NONiBr:
C, 53.05; H, 3.14; N, 3.64. Found: C, 53.16; H, 3.18; N, 3.69. EIMS:
MS (m/z): 386 (M+2), 384 (M), 304 (M�Br), 246 (M�NiBr).
2.3. Synthesis of 3,6-di-tert-butyl-2-naphthol

The 3,6-di-tert-butylnaphthol were prepared according
to the literature [37]. 2-Naphthol (60 g, 0.42 mole), p-TSA
(12 g, 0.063 mole), and toluene (200 mL), were added to a
500 mL three-necked round bottom flask, equipped with
stirrer bar, thermometer and gas bubbler. The mixture
was heated to 110 �C, and isobutylene gas was bubbled
through the solution slowly (150 bubbles per min). After
O
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Scheme 1. Structure of the synthesized FI-Ni based cataly
two weeks, the reaction was quenched by adding 700 mL
water. Toluene was added (200 mL) to dissolve the precip-
itated material, and the layers were separated. The toluene
layer was isolated and dried over MgSO4. Subsequent
removal of toluene under reduced pressure and recrystalli-
zation from hexane resulted in pure product. The product
was isolated as white powder, yield 25%. 1H NMR (CDCl3):
1.43 (s, 9H), 1.56 (s, 9H), 5.10 (s, 1H), 6.85–7.57 (m, 3H),
7.70 (s, 2H). Anal. Calcd. for C18H24O: C, 84.32; H, 9.44.
Found: C, 84.38; H, 9.51%.
2.3.1. Synthesis of 3,6-di-tert-butyl-2-hydroxy-1-naphthaldehyde
To a stirred ethylmagnesium bromide (3.0 M in Et2O,

30 mmol) a solution of 3,6-di-tert-butyl-2-naphthol (in
THF, 28.0 mmol) was added dropwise over a 15 min at
0 �C. The mixture was stirred for 2 h at room temperature.
Dried toluene (50 mL) and a mixture of triethylamine
(41.6 mmol) and paraformaldehyde (purity 94%,
93.9 mmol) were added. The mixture was stirred for fur-
ther 2 h at 80 �C. HCl (6 N, 20 mL) was added at 0 �C. The
organic phase was separated, dried over MgSO4 to obtain
the product (yield 76%). 1H NMR (CDCl3, 100 MHz): d
1.21 (d, 9H), 1.32 (d, 9H), 7.45�7.80 (m, 4H), 10.15 (s,
O
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1H, CHO), 12.85 (bs, 1H, OH). Anal. Calcd. forC19H24O2: C,
80.24; H, 8.51. Found: C, 80.18; H, 8.55%.
2.3.2. Synthesis of 1-[phenylimino]methyl-3,6-ditert-butyl-2-
naphthol

The FI ligand preparation was carried out according to
the method used in Section 2.2.1. The ligand was obtained
as yellow solid with the yield of 81%. 1H NMR (CDCl3,
100 MHz): d 1.40 (s, 9H), 1.63 (s, 9H), 6.84–7.21 (m, 5H),
7.31�7.65 (m, 4H), 8.22 (s, 1H, CH@N), 12.18 (brs, 1H,
OH). Anal. Calcd. for C25H29NO: C, 83.52; H, 8.13; N, 3.90.
Found: C, 83.43; H, 8.17, N, 3.94%.
2.3.3. Preparation of catalyst 2
The Ni-based FI catalyst 2 (Scheme 1) was synthesized

according to the procedure mentioned in Section 2.2.2.
The yield of the reaction was about 73%; mp: >300 �C. Anal.
Calcd. For C25H28NONiBr: C, 60.40; H, 5.68; N, 2.82, Found:
C, 60.31; H, 5.64; N, 2.85. EIMS: MS (m/z): 497 (M+2), 495
(M), 416, (M�Br), 358 (M�NiBr).
2.4. Synthesis of 1-[2,6diisopropylphenylimino]methyl-3,6-
ditert-butyl-2-naphthol

The FI ligand preparation was carried out according to
the method used in Section 2.2.1. The ligand was obtained
as yellow solid with the yield of 85%. 1H NMR (CDCl3,
100 MHz): d 1.30 (d, 12H), 1.42 (s, 9H), 1.68 (s, 9H), 3.35
(m, 2H), 6.80–7.15 (m, 4H), 7.55 �7.80 (m, 3H), 8.15 (s,
1H, CH@N), 12.44 (bs, 1H, OH). Anal. Calcd. For
C31H41NO: C, 83.92; H, 9.31; N, 3.16. Found: C, 83.83; H,
9.28, N, 3.19%.
2.4.1. Preparation of catalyst 3
The Ni-based FI catalyst 3 (Scheme 1) was synthesized

according to the procedure mentioned in Section 2.2.2.
The yield of the reaction was about 73%; mp: >300 �C. Anal.
Calcd. For C31H40NONiBr: C, 64.06; H, 6.94; N, 2.41. Found:
C, 64.01; H, 6.99; N, 2.45. EIMS: MS (m/z): 581 (M+2), 579
(M), 500 (M�Br), 442 (M�NiBr).
3. Results and discussion

The general structure of the catalysts used in this study
is shown in Scheme 1. They were prepared by the conven-
tional Schiff-base condensation of 1 equiv. of the desired
substituted anilines with the prepared naphthaldehyde.
The pre-catalysts were formed by addition of the ligands
to (DME)NiBr2. The reactions were complete in all cases
in less than 12 h, and the products are isolated by filtration
or evaporation and washed with ether to yield the desired
catalyst precursors in quantitative yields.

The experiments of ethylene polymerization with cata-
lysts 1–3 were carried out by dissolving the corresponding
catalysts in toluene, followed by the injection of a toluene
solution of different amount of TIBA, MAO and monomer
gas in to the Buchi reactor. After 30 min, reactions were
terminated by shutting off the feed stream, followed by
nitrogen purge and polymer precipitation using acidified
(HCl) ethanol. The results of polymerization are listed in
Table 1.

The initial data from the ethylene polymerization indi-
cated that the catalyst 1 is almost inactive for ethylene
polymerization while the catalysts 2 and 3 are capable to
polymerize ethylene with moderate activities. Due to the
low catalytic activity of the catalyst 1, further studies have
been devoted to the catalysts 2 and 3.

Neither complexes 1 nor 2 and 3 could be used as single
component catalyst to polymerize ethylene, while Grubbs’
catalysts with bulky phenyl group nor can larger groups at
the ortho position of the phenoxy group catalyze ethylene
polymerization without cocatalyst [18]. It is clear that the
prepared catalysts 1–3 are different from mononuclear
Grubbs’ catalysts.

Fig. 1 shows the relationships between polymerization
conditions, activities and molecular weights of the
obtained polyethylene. The ratio of [Al]/[Ni] is essential
for the catalysts to polymerize ethylene. Variation of the
molar ratio of [Al]/[Ni] showed considerable effects on
the catalyst activities and molecular weights of the
obtained polyethylene. Figs. 1 and 2 showed the catalysts
behaviors over cocatalyst/catalyst molar ratios. Applying
the catalyst 2 under 2 bar ethylene pressure, only trace
product was obtained at 500:1 ratio, while activity of
8.93 � 103 g PE/mmol Ni h was obtained when the [Al]/
[Ni] ratio was increased to 1500:1. More increase of [Al]/
[Ni] ration led to decrease of the activity. Therefore, the
ratio of 1500:1 was chosen for further studies. At the
[Al]/[Ni] ratio of 1500:1, catalyst 3 showed an activity of
6.64 � 103 g PE/mmol Ni h, while the activity was linearly
increased by addition of [Al]/[Ni] ratio up to 3000:1 which
the activity reached to 9.25 � 103 g PE/mmol Ni h. It is con-
ceivable that coexistence of two bulky groups at the ortho
position to the phenoxy oxygen and on the N atom of imine
prevent the catalysts from coordination to the cocatalyst
leading to easier ethylene insertion to the active centers
(Scheme 2). On the other side, the propagation reaction
occurs only when the complex formed by the cationic cat-
alyst and MAO is dissociated. Accordingly, the metallic cat-
ion solvated by excess amount of MAO (Scheme 3) is
expected to be more active than the contact ion pair causes
better ion separation resulting in increasing the activity of
the catalyst 3 to higher values [29–31].

Fig. 3 demonstrates the influence of the polymerization
temperature on activity and polymer molecular weight
obtained by catalyst 2. Our results showed that polymeri-
zation temperature of 25–30 �C is the optimum for both
catalysts from the aspect of activity of the catalytic system.
However, above the optimum polymerization temperature,
as demonstrated in Figs. 3 and 4, in comparison of catalysts
2 and 3, the activity of the catalyst 3 was dramatically
decreased. This may result from the deactivation process
due to the poorer thermal stability of the cationic active
centers of the catalyst 3. The effect of temperature on cat-
alyst activity might be explained by Brookhart theory on
deactivation mechanism of a-diimine catalysts [38]. The
motion and rotation of aryl ring is increased at higher poly-
merization temperature. Therefore, due to the CAH bond
activation of an ortho alkyl substituent, perturbation
occurred in coordination step through a disorder in overlap



Table 1
Characterizations of the resulting polymers.

Pressure (bar) Catalyst Temperature (�C) Activity (g PE/mmol Zr h) Crystallinity (%) Tm (�C) Mv � 104

2 Catalyst 2 10 4.4 � 103 58 130 17.21
2 Catalyst 2 30 9.1 � 103 39 97 18.12
2 Catalyst 2 60 4.1 � 103 14 88 7.60
4 Catalyst 2 30 1.4 � 104 52 108 19.18
2 Catalyst 3 10 5.5 � 103 60 130 44.11
2 Catalyst 3 30 9.5 � 103 52 117 40.80
2 Catalyst 3 60 1.4 � 103 36 110 31.11
4 Catalyst 3 30 1.6 � 104 54 130 34.05
6 Catalyst 3 30 2.1 � 104 54 131 36.13

Polymerization conditions: [Al]/[Ni] = optimum values, [Ni] = 7 � 10�3 mmol, time = 15 min, toluene = 250 mL.
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Fig. 1. Plots of activity ( ) and Mv ( ) vs. [Al]/[Ni] for catalyst 2.
Temperature = 25 �C, polymerization time = 15 min, monomer pressur-
e = 2 bar, [Ni] = 7 � 10�3 mmol, toluene = 250 mL.
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Scheme 2. Steric hindrance between bulky substitutions of the ligand
and MAO in catalyst 2.
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Scheme 3. Effect of MAO on ion pair separation and catalyst activation.
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catalyst 2. Polymerization time = 15 min, [Al]/[Ni] = 1500:1, monomer
pressure = 2 bar, [Ni] = 7 � 10�3 mmol, toluene = 250 mL.
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of empty d orbital of the metal center with p-olefin orbital,
leads to reduction of the activity of active centers [38].

The polymer molecular weight is the result of complex
interplay of monomer insertion, chain transfer, and poten-
tial catalyst decomposition. For a stable catalyst, the poly-
mer MW is primarily controlled by the relative rates of
monomer insertion and chain transfer (Kins/KCT) [39]. Figs. 3
and 4 showed that the molecular weights of the polymers
also depend on the polymerization temperature. As
explained, a competition between the termination and
propagation steps determines the molecular weight of the
polymer. Higher polymerization temperatures increase
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the rate of b-hydride chain transfer which is over the
propagation rate and affords a polymer with lower molecu-
lar weight. But, as can be seen in Fig. 4, molecular weight of
the polymer obtained using catalyst 3, is less sensitive to the
polymerization temperature.

At the monomer pressure of 2 bars, ambient tempera-
ture and applying [Al]/[Ni] = 1500:1 molar ratio, the pre-
pared FI-Ni based catalysts 2 and 3 produced polyethylene
with the Mv values of 1.76 � 105 and 4.1 � 105 respectively.
As illustrated in Scheme 2, due to the oligomeric nature of
MAO, the occurrence of a chain transfer reaction to MAO
decreases as the bulkiness of the naphthoxy imine ligand
increases. The relatively higher molecular weight of the
polymer obtained using catalyst 3 must be due to lower
chain transfer to MAO. Moreover, in catalyst 3 containing
bulky isopropyl group phenyl ring on the nitrogen atom, it
seems that the b-carbon of the polymer chain is not easily
accommodated in the plane because of the steric interaction
between naphthoxy-imine ligand of the catalyst and b-H of
the growing polymer chain (Scheme 4). As a result, b-H
elimination is suppressed leading to formation the polymer
with higher molecular weight.

The kinetic behavior of the polymerization is shown in
Fig. 5. Accordingly, activities of the catalysts increased to
a maximum value of polymerization time. The maximum
N

O
Ni

P

H

Beta-agostic interaction

Scheme 4. b-agostic steric repulsion interaction: steric repulsion
between b-hydrogen of the growing polymer chain and alkyl substitu-
tions phenyl ring on the N in catalyst 3.
activities of the catalysts were observed after 10 min of
the polymerization for the reaction carried out under the
optimized conditions of cocatalyst/catalyst ratio and tem-
perature obtained for each catalyst already. As shown in
Fig. 5, similar behavior was observed for the catalysts. In
the early stage of the polymerization, the catalytic active
centers are activated with MAO and lie easy to access the
monomer, while with increasing of the polymerization
time, the possibility of destruction of active centers
increases and leads to the decreasing of the activities
[30–33,35–37,18,38,39].

A dramatic effect on the crystallinity of the resulting
polymer by catalyst 2 was observed with increasing of
the polymerization temperature. The crystallinity and
melting point of the polymers obtained by catalyst 2 at
the polymerization temperatures of 10, 30 and 60 �C were
58%, 39%, and 14% and 130, 97 and 88 �C respectively
(Table 1). At lower polymerization temperature due to
the existence of bulky substitutions that block the axial
position for transfer reactions, monomer insertion is
favored, resulting in the formation of almost linear and
semicrystalline polyethylene. However, at higher tempera-
ture the probable chain transfer reactions to the monomer
resulted in the formation of fewer a-olefin branches that
we named them ‘‘monomer-like chains’’. Frequent re-
insertion of ‘‘monomer-like chains’’ to the CAH bond active
centers leads to furnish branched PE with low melting
points and low crystallinities. The mechanism of olefin
branched polyethylene is illustrated in Scheme 5. This
assumption can be confirmed by 13C NMR analysis to some
extent. 13C NMR spectra (Fig. 6) showed that the products
catalyzed by 2/MAO showed corresponding branches’ res-
onance peaks including butyl and long branched chains
(n P 6) [40] which might be formed by reinsertion of short
a-olefins that we named ‘‘monomer-like chains’’.

As illustrated in Scheme 5, alpha olefin trapping via 1,2
or 2,1 routs can occur within re-insertion of monomer lead
to the introduction of branches in the polymer chain that is
firmly confirmed by the observed peaks. Accordingly, the
signals at 14.12, 14.65, 19.90, 20.02 and 33.29 ppm were
corresponding to the signals of methyl branches indicating
methyl branched PE [13,40–42]. The presence of the weak
resonance at 31.21 ppm assigned to the paired 1,4 branches
1;4� a0Bn�2. n-propyl branch was identified by the signal
1500

2500

3500

4500

5500

6500

7500

8500

9500

10500

0 10 20 30 40 50

Time (min)

A
ct

iv
ity

 (g
 P

E
/m

m
ol

 N
i.h

)

Fig. 5. Plots of activities of the catalysts 2 ( ) and 3 ( ) vs. reaction time.
Temperature = 25 �C, [Al]/[Ni] = optimum values, monomer pressure =
2 bar, [Ni] = 7 � 10�3 mmol, toluene = 250 mL.
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appeared at 14.30 ppm [42]. Butyl branches were identified
by signals at 22.88, 23.37, 24.61 and 26.51 ppm [40,42] and
also long chain branches which observed at about 22.92,
27.89, 29.59, 30.44, 32.23 ppm [41,42]. Additionally, higher
pressure significantly increased both the crystallinity and
the Mv values of the resulting polymer (Table 1).

4. Conclusion

The prepared FI-like Ni-based catalysts introducing
naphtholato imine group ligands displayed moderate eth-
ylene polymerization activities. There is optimum molar
ratios of about [MAO]:[Ni] = 1500:1 for catalyst 2 to reach
the highest activity while the activity of catalyst 3 linearly
increased by increasing MAO in the range studied. The opti-
mum activity of the catalysts was obtained between 25 and
30 �C. Coexistence of two bulky groups at the ortho position
to the naphthoxy oxygen and on the nitrogen atom of imine
in catalyst 3 led to provide PE with the higher activity as
well as higher molecular weight at the expense of lower
thermal stability. Higher temperature could profoundly
affect the crystallinity of the resulted polymer. A reasonable
mechanism for this occurrence is proposed.
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