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The ligand N,N-bis(2,6-dibenzhydryl-4-ethoxy phenyl)butane-2,3-diimine via a multi-step reaction and
the correspond palladium(II) a-diimine catalyst were synthesized, characterized and used in polymeriza-
tion of ethylene. The effects of polymerization condition were investigated which the a-diimine catalyst
was active up to 80 �C. The highest activity of the catalyst (330 kg of PE (mol Pd�1 h�1) was obtained at 2
equivalent NaBAF (cocatalyst), Tp = 40 �C and PEt = 5 bar. GPC analysis revealed that the Mw of polyethy-
lene virtually was equal to 8.1 � 104 g/mol along with PDI = 1.83. The structure of complex was opti-
mized and the theoretical parameters were presented. 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. Investigation of samples morphology by SEM, showed the morphology of the catalyst and PE
were virtually spherical according to replication phenomenon and the MWCNTs acted as a bridge and
end-cap in the polymer matrix.

� 2017 Elsevier B.V. All rights reserved.
1. Introduction

Over the past few decades enormous research has been con-
ducted on single-site olefin polymerization catalysts [1]. In the
field of a-diimine catalysts significant advances have been made
through modification of the ligand backbone and the N-aryl sub-
stituent [2,3]. The ortho substituents retard chain transfer reac-
tions, promote the chain walking and accelerate the rate of
migratory insertion. So steric bulkiness of the ortho substituents
have influence on the molecular weight and branching density of
polyethylene and catalyst activities [4]. The thermal stability of
catalyst were improved by using bulky substituents[5]. Recently,
benzhydryl-derived ligand frameworks were investigated [6–10].
The size, nature and regiochemistry of the substituents in the imi-
noaryl groups have crucial importance in controlling the polymer-
ization and oligomerization [11–14]. The branching density of
polymers is a significant factor that affects the polymer physical
properties. Also other factors like relative rate of ethylene insertion
and chain walking change these properties. Chen et al. showed that
the polymer molecular weight, branching density and the distribu-
tion of short-chain branches are relatively independent of
polymerization conditions and just modification of the a-diimine
ligands in Pd(II) systems control the polymer properties [15].

Recently, Chen et al. demonstrated the synthesis of polyethy-
lene (PE) with very low branching densities (23–29/1000C) using
some a-diimine Pd(II) complexes bearing a dibenzhydryl moiety
and different N-aryl substituent in para position (Me, OMe, Cl,
CF3) [8]. Herein, we synthesized and characterized a a-diimine
Pd(II) complex with benzhydryl-derived ligand framework and
ethoxy group in the para position of N-aryl groups as catalyst
structure shown in Fig. 1. The electronic effects of the ligand con-
trolled by ethoxy group as an electron-donating group. The ligand
electronic effects upon the catalytic activity in different polymer-
ization condition, thermal stability of the complex and polymer
properties were investigated. In addition to synthesis of new cata-
lyst structures, there are a huge trend in introducing components
such as nanomaterials to the polymerization systems which can
modify or enhance the catalyst behavior and polymer properties
[16–22]. Carbon nanotubes are promising fillers for composite
materials to improve polymer properties. Some common methods
for the preparation of polymer/CNT composites include in situ
polymerization [23,24], solution mixing [25–27], and melt blend-
ing [28–30].

In this research, we also investigated the effect of multi-walled
carbon nanotubes (MWCNT) on the catalyst behavior and
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Fig. 1. Optimized structure of the Pd catalyst complex, Hydrogen atoms omitted to
simplify.
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properties of the polyethylene which the polymerization of ethy-
lene in presence of the catalyst occurred directly on the MWCNTs
surface [31].

2. Experimental

2.1. Materials

All manipulation of air and water-sensitive compounds were
conducted under inert atmosphere (N2/Ar) using standard Schlenk
and glove box techniques. Argon, nitrogen and ethylene gas were
purified by passing through activated columns of silica gel, KOH
and 4Å molecular sieve. All the solvents were dried prior to use.
Toluene was dried over calcium hydride and distilled over
sodium/benzophenone. Dichloromethane and n-hexane also were
purified over calcium hydride and the diethyl ether was purified
over sodium/benzophenone. 4-Ethoxy aniline (purity 99.9%)
(Merck) was distilled. Diacetyl (97%), diphenyl methanol (98%)
were supplied by Merck Chemicals. Chloro (1,5-cyclooctadiene)
methyl palladium and sodium tetrakis (3,5-bis (trifluoromethyl)
phenyl borate were purchased from sigma Aldrich chemicals.
MWCNT20–30 nm (95%) and MWCNT30–50 nm (95%) were purchased
from US research nanomaterials.

2.2. Instrumentation

1H and 13CNMR spectra for organic compounds were recorded
at Bruker-Avance III (300 MHz). High temperature NMR analysis
of polyethylene was performed on a Bruker-Avance 400
(400 MHz). Elemental analysis was performed by Thermi finnigan
EA1112 CHN elemental analyzer. FT-IR spectra were obtained
using Avatar 370 FT-IR spectrometer. Mass spectrum were
recorded using Varian CH-7A spectrometer. Thermal gravimetric
analysis (TGA) (Perkin Elmer TGA-7) and differential scanning
calorimetry (DSC) Mettler Toledo DSC 822e with a rate of 10 �C/
min were used for characterization of polyethylene and nanocom-
posites samples. Scanning electron microscope (SEM) images were
obtained using LEO VP 1450 Instrument. High temperature Gel
permeation chromatography (GPC) was performed in 3-chloro
benzene solvent (PL-GPC 220).

2.3. The synthesis of ligand

The synthesis of N,N0-bis(2,6-dibenzhydryl-4-ethoxy phenyl)
butane-2,3-diimine was completed in two steps from commer-
cially available starting materials.
2.3.1. Synthesis of 2,6-Bis(diphenyl)-4-ethoxyaniline
2,6-Bis(diphenylmethyl)ethoxy-aniline was synthesized

according to the literature [8] which in a 250 ml round-bottom
flask was charged with para ethoxy aniline (2.57 ml, 20.0 mmol)
and diphenylmethanol (7.36 g, 40 mmol), the mixture was heated
to 120 �C. A solution of anhydrous zinc chloride (0.681 g, 5 mmol)
in concentrated hydrochloric acid (37% in H2o) was added to the
mixture (exothermic) and the temperature was raised to 160 �C.
After 30 min at 160 �C, the reaction mixture was allowed to cool
down and dissolved in CH2Cl2 (200 ml). The CH2Cl2 layer was
washed out with water (3 � 100 ml) and dried over anhydrous
sodium sulfate. The solution was concentrated to 20 ml and the
product was crash out with 200 ml methanol. The pure desired ani-
line was obtained as a white crystalline solid by recrystallization.
mp: 191 �C, 1HNMR (300 MHz, CDCl3, d, ppm): 7.04–7.26 (m,
20H, aryl-H), 6.16 (S, 2H, aryl-H), 5.44 (S, 2H, CHPh2), 3.52–3.59
(q, 2H, OCH2), 3.08 (S,2H,NH2), 1.11–1.16 (t, 3H, CH3), 13C NMR
(300 MHz, CDCl3, d, ppm): 151.19 (OACP-Ar), 142.57, 135.83,
130.81, 129.54, 128.54, 126.70, 115.06, 63.30 (CHPh2), 52.49
(OACH2), 14.79 (CH3). MS (m/z); calcd for C34H31NO, 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�1 (KBr); 3427.4, 3363.93 (NH2),
1263.52 (CAO).
2.3.2. The synthesis of N,N0-bis(2,6-dibenzhydryl-4-ethoxy phenyl)
butane-2,3-diimine

A solution of prepared aniline in previous section (1.4 g,
2.98 mmol), 2,3-butadione (0.129 ml, 1.49 mmol), and p-toluene
sulfonic acid (20 mg, 0.116 mmol) in toluene (200 ml) was stirred
at 80 �C for 24 h, then the reaction was refluxed with Dean-stark
trap for 4 days. The solvent was evaporated and the remaining
solution was diluted in methanol (125 ml). The yellow solid was
isolated by filtration, washed several times by 20 ml methanol
and dried under high vacuum. The pure desired product was
obtained as a yellow crystalline solid by recrystallization. mp:
242 �C.

1HNMR (300 MHz, CDCl3, d, 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, CHPh2), 3.68–3.74 (q, 4H, OCH2), 1.21–1.25 (t, 6H, CH3),
1.15 (s, 6H, N@CAMe), 13CNMR (300 MHz, CDCl3, d, ppm):
170.51 (N@CAMe), 154.52 (OACP-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 (OACH2), 51.76 (CHPh2), 16.65 (N@C-Me), 14.75 (CH3). IR
(KBr, cm�1); 1262 (CAN), 1639.17 (C@N). Anal. calcd for
C72H64N202: C, 87.41; H, 6.52; N, 2.83. Found: C, 87.98; H, 6.19;
N, 2.82.
2.4. Synthesis of methyl chloride palladium complex

To a solution of prepared ligand (0.17 g, 0.171 mmol) in dry
CH2Cl2 (5 ml), Pd(COD)MeCl (0.045 g, 0.171 mmol) was added.
After stirring the mixture for 3 days at room temperature, the sol-
vent was partially evaporated under reduced pressure and the
remaining solution was diluted in diethyl ether. The orange solid
was isolated by centrifuge and dried under high vacuum. This pre-
catalyst was used in polymerization process without further purifi-
cation. 1HNMR (300 MHz, CDCl3, d, 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, CHPh2), 5.71 (S, 2H, CHPh2),
3.83–3.76 (q, 2H, OCH2), 3.73–3.66 (q, 2H, OCH2), 1.23–1.22 (t,
3H, CH3), 1.20–1.09(t, 3H, CH3), 0.65 (S, 3H, PdAMe), 0.34 (S, 3H,
N@CAMe), 0.12 (S, 3H, N@CAMe). Anal. calcd for C73H67ClN2O2Pd:
C, 76.49; H, 5.89; N, 2.44; Found: C, 75.77; H 5.62; N, 2.25; IR (KBr,
cm�1); 1577.90 (C@N), 528.7(PdAC), 437.73 (PdAN).
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2.5. General procedure for catalyzed ethylene polymerization

The low pressure polymerization process was carried out in
two-neck flask which was equipped with magnetic stirrer and
ethylene inlet. While, the high pressure process was performed
in a 1-L Buchi bmd 300-type stainless steel reactor. Prior to each
polymerization reaction, the reactor was purged with argon gas
at 120 �C for about 1 h to ensure the absence of any moisture
and oxygen.

The synthesis of PE/MWCNT composites were carried out
through the in-situ polymerization method. A mixture of desired
amount of MWCNT and catalyst were introduced into the reactor
in presence of co-catalyst under ethylene atmosphere.
3. Results and discussion

3.1. Synthesis of ligand and palladium complex

Steps as shown in Scheme 1. acid catalyzed reaction of diphenyl
methanol with distilled para ethoxy aniline in a 2:1 mol ratio gave
2,6-bis(diphenyl methyl)-4-ethoxyaniline, which was further
reacted with di-acetyl via p-toluene sulfonic acid catalyzed reac-
tion to obtain yellow a-diimine ligand. All spectral data for pre-
pared compounds are given in section 2. Aromatic protons in
Scheme 1. Synthesis route of ligand.

Scheme 2. Synthesis

Table 1
Ethylene polymerization and nano composite synthesis results using Pd/NaBAF system.

Entry CoCat. (eq) T ( C) P (atm) Activity CNT

1 1.2 40 1.5 111 –
2 1.5 40 1.5 116 –
3 2.0 40 1.5 168 –
4 2.0 25 1.5 92 –
5 2.0 60 1.5 131 –
6 2.0 80 1.5 67 –
*7 2.0 40 3.0 320 –
*8 2.0 40 5.0 330 –
9 2.0 40 1.5 94 730–
10 2.0 40 1.5 199 720–
11 2.0 40 1.5 161 1520

aPolymerization condition; 0.0048 mmol of palladium cat, time = 30 min, 38 ml toluene
1HNMR spectrum of ligand appears in 6.16–7.04 ppm, this shield-
ing is due to ethoxy groups effect. Also the absence of carbonyl car-
bon and the presence of imine carbons in the 13CNMR and IR
spectra of ligand supported successful synthesis of desired ligand
and also number of peaks in 1HNMR and 13CNMR confirm symmet-
rical ligand structure. (a-diimine) palladium (II) catalyst was
obtained by reacting the a-diimine ligand with (COD)PdMeCl in
dichloromethane at room temperature. The process illustrated in
Scheme 2. Stable palladium complex was formed in dichloro-
methane solvent via displacement of 1,5-cyclooctadiene(COD)
from (COD)PdMeCl by 1 equivalent of a-diimine ligand. Crystalline
complex could be obtained at room temperature by diffusion of
diethylether or n-Hexane into dichloromethane solution of the cor-
responding complex. The structure of the product was deduced
from its elemental analysis and IR, 1H NMR spectral data. The
1HNMR spectrum of complex confirm asymmetrical and rigid
structure. 1H NMR spectroscopy indicated the generation of other
product as a impurities that was not identified, but may corre-
spond to the complexation of the ligand to Pd(II) through one
imine nitrogen atom.
3.2. Ethylene polymerization

The results of ethylene polymerization catalyzed by prepared
catalyst are listed in Table 1. The ethylene polymerization was car-
ried out in different conditions. A direct in situ activation proce-
dure was employed which the palladium complex was treated
with sodium tetrakis (3,5-bis(trifluoromethyl phenyl) borate
(NaBAF) to yield the cationic palladium complex. The polymeriza-
tion activity increased with addition of co-catalyst up to 2 equiva-
lent. The effect of temperature on the catalyst behavior was
investigated in the range of 25� to 80 �C at constant 1.5 bar of ethy-
lene pressure. The prepared catalyst showed high thermal stability.
It reached its highest activity at 40 �C and maintained activity even
at 80 �C. Study on polymerization temperature and kinetic of poly-
merization on the catalyst behavior revealed that polymerization
temperature can enhance the catalyst performance through
increasing the kinetic energy of the monomer molecules which
facilitates transfer of ethylene to the catalytic active centers and
increasing alkylation of metal centers up [32].
route of catalyst.

(mg) Mv(104) Mn(104) Mw(104) Branch/1000C

– – – –
– – – –
6.75 4.40 8.09 40.5
4.59 – – –
5.46 – – –
1.73 – – –
25.19 – – –
24.93 – – –

50 nm – – – –
30 nm – – – –
–30 nm – – – –

(*200 ml), 2 ml CH2Cl2. bActivity: kg of product (mol Pd)�1h�1.



102 M. Kimiaghalam et al. / Inorganica Chimica Acta 464 (2017) 99–107
The reaction temperature more than 40 �C can reduce the solu-
bility of monomer in solvent as a physical function, and as a result
the activity of the catalyst would be decreased [33]. The diphenyl
methyl groups block the axial position thus slowing down the
potential catalyst decomposition pathways [34–36]. But the
motion and rotation of aryl ring is increased at higher polymeriza-
tion temperature. Therefore, perturbation occurred in coordination
step through a disorder in overlap of empty d orbital of the metal
center with P-olefin orbital, leads to reduction of the activity of
active centers [4]. Also, polymerization in different pressures
(1.5–5 bar), at constant temperature of 40 �C, was performed
(Table 1). The activity of the catalyst increased by increasing
monomer pressure up to 3 bar, however, further increase of the
monomer pressure to 5 bar leads to a very small increase in cata-
lyst activity. The behavior is mainly due to higher concentration
of the monomer close to the active center [37,38]. The non-linear
relationship between monomer pressure and activity was previ-
ously reported [39,40]. However, higher pressure can cause reverse
effect on the catalyst activity [33,41,42]. According to literature
reports Pd(II) species at low ethylene pressure have beta-agostic
alkyl Pd(II) and alkyl ethylene Pd(II) intermediates, at a higher
ethylene pressure 5 bar, the Pd(II) species will be only the alkyl
ethylene Pd(II), which would have the same activity independence
of ethylene pressure[35]. All calculated densities from DSC analysis
were in the range of 0.89–0.92 g/Cm3 [43].
Table 2
Calculated parameters of Pd complex.

Parameter Result Parameter Result

PdACl 2.40 Pd-C6 3.96
PdACH3 2.05 CH3APdACl 85.52
PdAN1 2.21 PdAN1AC3 122.03
PdAN2 2.09 PdAN2AC4 123.28
C1@N1 1.30 N2APdAN1 76.93
C2@N2 1.31 Dipole moment (Debye) 8.92
NAC3 1.45 Band gap 0.11449
NAC4 1.45 Total energy �3223.34 a.u.
C2AC1 1.49 Charge (Mulliken) 0.005
PdAC5 4.28

Selected bond distances (Ă), bonding angle (�), planes angle, dipole moment, band
gap, charge, total energy of the palladium catalyst. N1: nitrogen atom connected to
the Pd atom behind Cl, N2: nitrogen atom connected to the Pd atom behind CH3, C1:
carbon of CACH3 bond in Cl side of molecular, C2: carbon of CACH3 bond in CH3 side
of molecular, C3: aryl ring carbon connected to N1, C4: aryl ring carbon connected to
N2, C5: carbon atom on ortho-position of major aryl ring in Cl side of complex, C6:
carbon atom on ortho-position of major aryl ring in CH3 side of complex.

Fig. 2. SEM micrograp
3.3. Catalyst structure

Density functional theory (DFT) method (B3LYP as function)
with LanL2DZ basis set was used to build up the structure and cal-
culate the structural parameters of the catalyst complex. Results
are depicted in Table 2 indicate optimized structures, bond dis-
tances, bond angles, dipole moments, charge and total energy of
complex. The optimized structure of the complex (Fig. 1) shows
the huge hindering and electronic effects of phenyl groups on ortho
position which blocks axial and equatorial position of the catalyst
complex. The ortho substituents retard chain transfer reactions,
promote the chain walking and accelerate the rate of migratory
insertion [44,45]. It has been found that there is a balance in hin-
dering and electronic effects of the substituents on the activity
and average molecular weight of the obtained polymer. To clarify,
monomer diffusion, strength of the M-C bond and stability of the
active center are main factor which are related to the structure
and substituent, especially. Here bulky diphenyl groups in ortho
position of aryl rings block the axial coordination sites which cause
high stability of the active center along with a hindering effect on
the monomer diffusion in equatorial position. Para substituents are
characterized which have influence on the molecular weights of
the polymer, branching density and the catalyst performance.
The presence of ethoxy group in para position can cause an
increase in activities and the average molecular weights of poly-
ethylene [46].

3.4. Characterization of catalyst particles

The SEM images of palladium catalyst are shown in Fig. 2. It can
be found that the catalyst particles are spherical in shape and
multi-part with diameter of 0.92–1.15 µm. According to the mor-
phology duplication theory the spherical catalyst particles can lead
to spherical polymer particles [47]. Spherical morphology of poly-
ethylene is important in industrial application.

3.5. Characterization of polyethylene particles

The morphology of polymers and nanocomposite were studied
by SEM images. Image of polyethylene are shown in Fig. 3. It can
be found that the polyethylene particles are almost spherical at
both low (1.5 bar, entry 3 in Table 1) and high monomer pressure
(5 bar, entry 8). The approximate size of polyethylene obtained
at low pressure was 0.50–0.53 µm and for high pressure was
5.37–8.92 µm which both particle morphologies were almost
similar to the catalyst particles. According to morphology replica-
tion phenomenon, spherical shape of particles increased with
hs of Pd catalyst.



Fig. 3. SEM image of PE in different polymerization pressure (a–c) entry 8 (d–f) entry 3 of Table 1.

Fig. 4. SEM image of polyethylene nanocomposites (a–c) 1.46% MWCNT, (d–f) 3.88% MWCNT.
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increasing of monomer pressure. The morphology of nanocompos-
ites and presence of the MWCNT in the polymer matrix were stud-
ied by SEM (Fig. 4). The SEM images also showed the catalyst
particle replication morphology into the polymer particle.

3.6. Thermal properties

DSC thermograms were recorded at second heating curves to
examine the thermal behavior. The produced polymers have low
melting point and broadened transition due to much high branches
and weaker intermolecular forces. Moreover, the thermograms
indicated that the crystallinity of PE increased from 10.5 to 23.2
with increasing polymerization temperature. The crystallinity
extents were 10.5% at 40 �C (entry 3) to 16.2% and 23.2% for
60 �C (entry 5) and 80 �C (entry 6), respectively. It can be suggested
that increasing kinetic energy of the monomers due to raising tem-
perature can facilitate transfer of monomer to the catalytic active
centers. It should be noted that the catalyst was stable at the high
temperatures up to 80 �C. DSC thermogram of polyethylene at dif-
ferent polymerization pressures of monomer is depicted in Fig. 5.
The crystallinity of the PE enhanced to 25.3% and 37.9% for poly-
merization at 3 and 5 bar monomer pressure, respectively. The



Fig. 5. DSC thermogram of produced PE, left side: In different polymerization temperature, right side: in different polymerization pressure.

Fig. 7. Polymer FT-IR spectra.
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observation was due to high concentration of the monomer close
to the catalyst active centers which led to increasing of olefin trap-
ping and reduction of branching extent [32].

Viscosity average molecular mass, �Mv of produced PE in differ-
ent pressure and temperature was in range 14300–251900 g/mol.
�Mv decreases with increasing polymerization temperature more
than 40 �C, due to higher activation energies of chain transfer
and catalyst deactivation reactions compared to chain propagation
reactions [4].

Thermal stability of nanocomposite samples can be observed
through the thermogravimetric and differential thermogravimetric
curves (Fig. 6). The onset of degradation temperature for PE
(228.3 �C) increased in the presence of 1.46% (238.0 �C) and
3.88% MWCNT (255.3 �C). Due to higher combustion temperature
of nanotubes, the onset of degradation shifted to the higher tem-
perature for nanocomposite samples. Nanotubes have a layered
crystal structure and according to the fact that the crystalline
structures need more heat to decomposition, so nanocomposite
sample with more MWCNT showed higher thermal stability [48].
Higher amount of MWCNT caused to decreasing of catalyst activity
which can be attributed to some remaining active polar functional
groups on the surface of the nanocarbons that deactivated the cat-
alyst active centers [49].

3.7. Characterization

By comparing the recorded FT-IR spectrums with references,
the LDPE microstructure was confirmed which have long chain
Fig. 6. Thermogravimetric and differential thermogravimetric curves of the PE and PE/na
PE, — 3.88%CNT).
branches in structure [50]. As infrared spectrums of polymers
are shown in Fig. 7, the region 1300–1400 cm�1 is displayed
three bands assignable to CH2 and CH3 groups. Bands in
1377 cm�1 which assigned to CH3 symmetric deformation and
band in the regions of 1366 cm�1 and 1351 cm�1 belong to wag-
ging deformation. All these samples are low-density polyethylene
which prevents the molecules from packing closely together and
the irregular packing cause low crystallinity content and low
melting point as it was confirmed in thermal properties section
[51,52].
nocarbon composites synthesized through in situ polymerization (. . .. 1.46%CNT, ——



Table 4
1H NMR assignment of polyethylene sample.

Signal Assignment d(ppm)

1 ACH3 0.8
2 (CH2)n 1.27
3 ACH(L)A 1.48
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High temperature 1HNMR and 13CNMR spectroscopy was used
to analyze the polyethylene sample (entry 3 in Table 1). The
NMR spectra were obtained at 50 �C in CDCl3. The 13C NMR spectra
of the polymer presented in Fig. 8. The 13C NMR assignments listed
in Table 3 and the microstructure determination of a branched
polyethylene is shown in Fig. 8. The microstructure were investi-
Fig. 8. 13C NMR spectrum of the polymer from Table 1 entry 3 (CDCl3, 50 �C),
*Grease.

Table 3
13C NMR assignment of polyethylene sample.

Signal Assignment d(ppm)

1 1Bn 14.05
2 1B1 19.74
3 2Bn 22.69
4 (n�1)Bn 26.81
5 bBn 27.13
6 b0B1 27.94
7 4Bn 29.37
8 ddCH2 29.73
9 cB1 30.08
10 cBn 30.19
11 a0Bn, 3Bn 31.95
12 brB1 32.84
13 8Bn 33.4
14 nBn, aBn 33.88
15 a0B1 37.18
16 brBn 37.55

Fig. 9. 1H NMR spectrum of the polymer from Table 1 entry 3 (CDCl3, 50 �C). *TMS,
** grease.

4 ACH(CH3)A 1.54

Fig. 10. GPC curve of PE (entry3).
gated by using 1HNMR and 13C NMR [53–55]. 1H NMR spec-
troscopy is shown in Fig. 9. The 1H NMR assignments listed in
Table 4. It was used to determine overall branching in the polymer
using the following formula [55], Results are reported in Table 1.

Branches=1000 ¼ CH3 integral
total integral

� 2
3
� 1000 ð1Þ

These polymer NMR spectra confirm that chain walking a-oel-
fin polymerization with a-diimine Pd(II) catalyst affords polymers
with methyl and long branches [8,56].

Gel permeation chromatography curve is shown in Fig. 10.
Molecular weight of the polymer sample entry 3
( �Mn ¼ 44078; �MW ¼ 80988) was determined by GPC in
trichlorobenzene. It showed a peak along with a shoulder which
can attribute to difference molecular weight of polymer chains,
with almost narrow molecular weight distribution and polydisper-
sity index (PDI) 1.83.
4. Conclusion

The prepared palladium (II) a-diimine catalyst with ben-
zhydryl-derived ligand framework and ethoxy group in the para
position of N-aryl group was an active catalyst in ethylene poly-
merization. The effects of parameters such as polymerization tem-
perature, co-catalyst to catalyst ratio and monomer pressure were
investigated. The optimum activity of the catalyst was obtained at
40 �C in 5 atm ethylene pressure in presence of 2 equivalent co-
catalyst. Study of the properties of the resulting polymeric prod-
ucts showed that the increasing in monomer pressure led to
polyethylenes with higher molecular weight, melting point and
crystallinity. The diphenyl methyl groups block the axial position
very well and retard catalyst decomposition. This a-Diimine cata-
lyst was examined for temperature ethylene polymerization. The
experiments indicated that the catalyst is active up to 80 �C which
produced polyethylene with branching density of 40.5/1000C and
melting point in the range of 66–111 �C. These features were
higher than amounts reported by Chen group for similar catalyst
bearing Me, OMe, Cl and CF3 groups. 13C NMR, 1H NMR of PE con-
firmed the synthesis of PE with long branches and moderate
branching density. The ligand electronic effects controlled by
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ethoxy group as an electron-donating group and it led to increase
the thermal stability of catalyst and polymer branching density.
Also the melting point of produced polymer is influenced by the
ligand electronic effect. GPC analysis resulted a peak along with a
little shoulder which attributed to difference molecular weight of
polymer chains with almost narrow molecular weight distribution
(PDI = 1.83). Also in this report MWCNT was used for nanocompos-
ite preparation. TGA and DTA curves indicated that increasing
MWCNT percentage up to 3.88%, enhance thermal stability up to
255.34 �C. Spherical morphologies of catalyst particles, polymers
and nanocomposites were investigated by SEM images and con-
firmed replication phenomena.
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