CHAPTER V

RESULTS AND DISCUSSION

5.1 Synthesis of ligands and iron complexes
5.1.1 RHN(CH,);NHR (R = 2,6'Pr,CsHs) ligand (a)

The synthesis of 1,3-di(2,6-diisoj I/y‘uyl)aminopropane was as follows:

(10)

rmcu,cn-crl,

The 1,3-di(2,6- dusoprqudﬁ@j minopropane; ligand (a) was prepared from
the reaction between -diis niline and 1,3 ibromopropane. 2,6-
: A
C {0afford LINHR (R = 2,6-

iPr iPr

Diisopropylaniline wasi
'ProCgHs). The diamine

of LINHR with 1 -dlbrorﬁ' e at 0°C. Phis ligan %j)je used to react with
TiCly to synthesiz gmli %&J %talyst for 1-hexene
polymerization wﬂgn activated with boron cocatalysgol

ARIAINTUNRIINYIAY

Thé ligand (a) was formed together with the elimination product

gand (a) was obtained from the ¥eaction of two equivalents

RHNCH,CH=CHj; (A) in a 1:1 ratio. The facile formation of byproduct A necessitates
the use of tetramethylethylenediamine (tmeda) since reaction performed without
tmeda contained about 80% of byproduct A.®% The possible mechanism of tmeda
during the formation of ligand (a) was shown in Scheme 5.1. The diamine ligand (a)
as orange oil (88% yield) was separated from A via purification using silica gel

column chromatography and dichloromethane:hexane (7:3) as eluent.
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Scheme 5.1 Possible mechanism of tmeda during ligand (a) synthesis.
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'H-NMR, “C-NMR spectra, FT-IR spectrum and UV-visible spectrum of
ligand (a) were shown in Figures 5.1-5.4. The assignments of peaks are in Tables 5.1-
3.3.
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Figure 5.2 *C-NMR (C4Dg) spectrum of ligand (a).
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Figure 5.4 UV-visible spectrum of ligand (a).
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Table 5.1. '"H-NMR data of the ligand (a)

Chemical shift Multiplicity Number of Assignment
(ppm) protons

712 multiplet 6H CeH3 i

337 septet 4H CHMe; (J = 6.9Hz)

3.02 triplet 4H NCH; (J =6.9 Hz)

2.97 triplet NH (J =6.9 Hz)

1.77 triplet NCH,CH>(J =6.9 Hz)

196 let™ CHMe; (J = 6.8 Hz)

The '"H-NMR of ligafic(a) s ‘- ultip «; peak at 7.12 ppm that is
assigned to aromatic ringsp - n at 3.02 and 1.77 ppm are
assigned to propyl proton Se " blet peak at 1.26 ppm are
assigned to substituted p p i) o() P\ e triplet peak at 2.97" ppm
is assigned to amine protofs. .m.,.

b
,Mﬂ
Table 5.2. *C-NMR data of the ligand-(a)
_,—{:} :'r .,::',

5

v,

e

m.
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Table 5.3. FT-IR data of ligand (a)

Wave number (cm™) Assignment
3371 N-H stretching
3050 C-H aromatic stretching
2950 , Hj stretching
2865 ! tching
1621 - | ing

1451, 136 ’ u—uzs bending
1254

"i\\ .
The *C-NMR of jiand (a) donsiste \\\\\\ ) carbons at 143.5, 142.4
and 123.6 ppm, propyl carb chween’ twi \ ps. at 50.3 and 32.4 ppm and

substituted isopropyl carbonsion arom: ; '\x d 22.4 ppm. FT-IR spectrum’
showed N-H stretching peak at 33 -—mﬂu g sharp peak of C-H stretching at -

3050 and 2950 cm™ and medium pe ' ing at 1254 cm™. The UV-visible

ey s o

spectrum of ligand (a) showed Anax at 279 ni an_absorption of aromatic ring

I'T-bond. y1 I\H‘

E | j
ﬂUEl’JVlEWl'ﬁWEJ']ﬂ'ﬁ
QW'\Mﬂ‘iﬁUﬂJW]'W]EI']ﬂEI
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5.1.2 [RHN(CH);NHR]FeCl; (R = 2,6-PrCsHs) complex, cpx 1la

The synthesis of cpx 1a was as follows:

iPr iPr
NH/\HN NH
_ FeCly 2
CH3CN reflux Cl/(‘;l\ Cl
iPr Pri

13 in refluxing acetonitrile
26 PrC6H3) (cpx 1a) as

alculated from elemental

The reaction of the.diamine
afforded the iron comple
dark red solids (36% yic
analysis is Cy7H4,N,FeCls. f FeCls reacted with one
equivalent of ligand (a).

The FT-IR spectrum peak of N-H stretching at
3409 cm’. This means that | ¢ group in ligand (a) was not -
abstracted when the ligand was Cl;. This iron complex showed
absorption bands in UV-visible s .--'r.. it “and 551 im. Since the cpx 1a is

paramagnetic therefore it ex d Divad Sl ‘

The FT-IR spectﬂ UV-visible spectrum and the ﬂ-m assignment of peak

TR A Eﬁ?ﬁ“ﬁ Ri]
ARIAN TN INYAE
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Figure 5.6 UV-visible spectrum of cpx 1a.
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Table 5.4. FT-IR data of cpx 1a

Wave number (cm™) Assignment
3409 N-H stretching
2968 1 -H aliphatic stretching
1574 S etching
1461, 1367 : ~ H),=CH;, stretching

5.1.3 RHN(CHj3)C= = 2,6'Pry \
The synthesis of i _, 1n0)-4-((2,6-diisopropyl phenyl)

imino)-2-pentene, ligand

I Il
CH;- C -CH,- C -CHj
acetylacetone

(13)

iPr

uﬁqwawsWﬂwnﬁ

2 6-dnsoprolwlamlme

RN TUURITINIA Y

Tha imine ligand (b) as white crystalline solids (46 %yield) was prepared from
the condensation of two equivalents of 2,6-diisopropylaniline with one equivalent of
acetylacetone. Hydrochloric acid was added as catalyst in the reaction. This ligand
had been used for synthesis of chromium chloride complexes which could polymerize

ethylene. The activity in ethylene polymerization was moderate.*®%")



'H-NMR spectrum, FT-IR spectrum and UV-visible spectrum of ligand (b)

were shown in Figures 5.7-5.9. The assignments of peaks are in Tables 5.5-5.6.
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Figure 5.8 FT-IR spectrum of ligand (b).
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700 800
of ligand (b).
Assignment
NH
.
18R &
Hg
3.09 multiplet 4H CHMe,
1.69 singlet 3H o-Me
1.55 singlet 3H o-Me
1.20 doublet 12H CHMe; (J = 6.8 Hz)
doublet 12H CHMe- (J = 6.9 Hz)
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The 'H-NMR of ligand (b) can be assigned as follows; a broad peak at 12.09 ppm
is assigned to amine proton. A multiplet peak at 7.10 ppm is assigned to aromatic ring
protons. A singlet peak at 4.84 ppm is assigned to 3-proton at propene chain. Singlet
peaks at 1.69 and 1.55 ppm are assigned to a-methyl group at propene chain. A
multiplet peak at 3.09 ppm and two doublet peaks at 1.20 and 1.12 ppm are assigned

to isopropyl on aromatic ring.

Table 5.6. FT-IR data o

AR
ot 2, bendmg

stretching

biag ke kl." ¥

H-.|
"W

4

A

FT-IR spect i e ‘ g at 3381 cm’, strong

i
sharp peak of C-H stre !I hing at 2959 cm and mediun wpeak of C-N stretching at
1277 cm™ Theﬁxfand (bﬁl&ved the UV-viSible absorptlon from aromatic I'l-bond at

'} ’J'VIEJVI‘?WEJ’]T]‘E’
ammnm AN Y

Amax 320 nm
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5.1.4 [RHN(CH3)C=C(CH3)C=NR]FeCl; (R = 2,6-'PrC¢Hs) complex, cpx 2b

The synthesis of cpx 2b was as follows:

H; CH,3
iPr \/\< iPr iPr
CHZClz, reflux // \
iPr Pri

CH3

(14)
"#’ cpx 2b

The direct treatment Q ui alent of FeCls with one equivalent of imine

ligand (b) in refluxing dick e & -" on complex, [RHN(CH3)C=C

(CH3)C=NR]JFeCl; R 5 : ange solid (26 %yield).

Calculation from elementa 11 yS . 2 lar formula of cpx 2b is
C29H42N 2FCC13 CH2C1

The FT-IR spectrum ; 2 n [ gure 5.10 showed broad peak of N-H

stretching at 3428 cm™. This/mes 1St at at the amine group in ligand (b)

was not abstracted when the liga ""; as 1 cac ith FeCls. The iron ¢px 2b showed

new absorption bands & ible spectrur - Amax466 and 626 nm.
7 Y]
and thenB‘ -IR assignment of peak
of this complex were shown in Figures 5.10-5,11 and Table 5.7 respectively.

The FT-IR spec@n, Vv
ﬂum‘wamwmm
q W']ENﬂiELJ UN1INYAY
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Figure 5.11 UV-visible spectrum of cpx 2b.
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Table 5.7. FT-IR data of cpx 2b

Wave number (cm") Assignment
3428 N-H stretching
2970 Hj stretching

2809 ‘ \ 7CH, stretching
1503 — | - stretching
14 :

12

5.1.5 Bis(salicylaldehydé€)e
The synthesis of salgr

NH,-CH,-CH,-NH,
ethylenediaminé

Sy

?ﬂﬂﬂi“‘ﬂnﬁ
TRIAINIUNNINGA Y

The Schiff base ligand (c) was synthesized in high yield (97 %yield) by

condensation reaction between one equivalent of ethylenediamine and two
equivalents of salicylaldehyde. Ligand (c) as yellow crystal was immediately occurred

after the reaction was heated.
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'"H-NMR spectrum, FT-IR spectrum and UV-visible spectrum of ligand (c)

were shown in Figures 5.12-5.14. The assignments of peaks are in Tables 5.8-5.9.
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Figure 5.13 FT-IR spectrum of ligand (c).
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Table 5.8. ' ata of ligand (c)
] - /s
al s , signment
(ppm) protons
8.34 singlet 2H Hs
729 doublets of triplet 2H Hs J=79, 1.8 Hz)
791 doublets of doublet 2H H; (J=7.8,1.7 Hz)
6.92 doublet 2H Hy 0 =8.2 Hz)
6.83 doublets of triplet 2H H,(J=74,1.1 Hz)
3.93 singlet 4H H;
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The "H-NMR of ligand (c) showed a singlet peak at 8.34 ppm that is assigned to
imine protons. Multiplet peaks at range 7.29-6.83 ppm are assigned to aromatic ring
protons. A broad peak of hydroxy protons at 13.2 ppm cannot be seen in this "H-NMR

spectrum.

Table 5.9. FT-IR data of ligand (c)

FT-IR spectrum showed broad ; ) ‘ 3430 cm’!, two weak
iy peak of C=N stretching

iy
peaks of C-H stretching at
di cm’. The UV- visible

at 1635 cm™ and medio peak of C-O stretching at 1

spectrum of llgaﬁ(ﬁlg% yﬁ%‘wﬂﬁaﬂrﬁc ring TT-bond and
q W']ﬁﬂﬂ‘im UNI1ANYAY
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5.1.6  Fe(Ill)salen complex, cpx 3¢

The synthesis of ¢px 3¢ was as follows:

as ?3 o8

salen
o (16)

The Fe(III) ids (43 %yield) was synthesized

by directly treatin one equivalent of salen in
ted from elemental analysis was
eaks of C-H stretching at 3054 and

o at 1627 cm", a medium peak of C-

C16H14N202FCC1. FT-
2900 cm™, a strong sharp 1
O stretching at 1303 cm’ andl ‘.:: peak of C-N stretching at 1126 cm™. The new

absorption band of epx 7 UV-viSible 5 j Amax 475 nm.

T

It can be noti -I%spectra of this iron complex

(Figure 5.15 and Table ; .10) and salen th t the band of O-H stretching (3430 cm’ h

was dlsappcaﬂ wﬂ:ﬁ»ﬂ%ﬁlw BN

The FT IR spectrum, UV-visible siﬁctrurﬂnd the FT-IR @s8i g‘ment of peak

or e b b d 15 6 bl

tively.



Absorbance

78

% Iransmitance

T
\\

3 8.0 0.0 8.8 8 8.8

I//&??*«\\\“ "
‘N

200 300 400 500 600 700 800
Wavelength (nm)

Figure 5.16 UV-visible spectrum of cpx 3c.
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Table 5.10. FT-IR data of cpx 3¢

Wave number (cm'l) Assignment

3054
2900
1627
1302

1
1

C-H aromatic stretching
1 aliphatic stretching
ching

5.2 Polymerization of 1
52.1  Polymerization by/MAO coc

5.2.1.1 Polymen ﬁeg{.":ﬂ #1.‘#' ith [RHN(CH,;);sNHR]FeCl; (R =

2 6- P 185

The effects of aﬁ)un . \ /Fe ole@atio and polymerization

temperature were investfga{ed by varying the ﬁtalyst concentration from 5.0x10° to

15.0x10°° mol, w G?W ﬂ)ﬁjand polymerization
0

temperature at 0 °C and 50 G The expenmental results were shown in Table

o QW’]&NﬂﬁﬂJ UAIINYA Y
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Table 5.11. Polymerization of 1-hexene catalyzed by cpx 1a/MAO using various

polymerization conditions

Entry | Amount of Al/Fe Tp Product %Yield |- Activity
catalyst mole °C) (mg) (kg polymer
(mol) ratio mol cat'l)

1 5.0x10° 1000 14.2 0.4 2.8

2 10.0x10°® : 4.1 13.9

3 15.0x10°° 3.1 6.9

4 10.0x10°® 0.6 1.9

5 10.0x10° 4.3 14.6

6 10.0x10° 2.0 6.7

;. 10.0x10°¢ » .

8 10.0x10°® 6.7 25

9 10.0x10° . 6.3 213
tp 24 h and 1-hexene 5.00 m 9.98 ied MAO = MAO (toluene
solution) was evaporated in vacuo a as used as a white solid.

The results from entries k-?/_is'ow;_ E
obtained at 10x10°

he highest catalytic activity was

qnatalyst Increasmg caused the decreasing

in the activity. This tive species due to the

dimerization of catalyst is res& was concerned with the
metallocene catalyst systemd that can dimerization when the catalyst concentration is

increased. Additﬂ TM ﬂ % %] {gls%]:ﬁ wgf} ﬁm}ﬁmination rate (that

is B-H transfer to ﬂ!letal) increased whean the excess amount of catalngwas used. It is

o AR YRR I G oo

for late-transition metal catalysts.

A comparison between entries 2 and 4-6 showed that Al/Fe mole ratio at 1000
and 2000 gave similar and the highest activity. However, higher amount of MAO
usually can stabilize the cation active species and also acts as an impurity scavenger.
An increasing in Al/Fe mole ratio to 3000 in entry 6 resulted a decrease of activity

because the termination step (chain transfer to aluminium) increased when the higher
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amount of MAO was used."® This result was supported by an experiment of ethylene
polymerization by LFeCl, catalyst (L = 2,6 - (ArNCMe),CsH3N). In a graphical
illustration of MAO effect (Figure 5.17), it was seen that an increase in the MAO
concentration enhanced the rate of chain transfer to aluminium which, combined with
a constant rate of propagation and (3-H transfer, wherein (a) is representative of a low

MAO concentration and (b) is that of the higher MAO concentration. -

rate , / j
propagation /
beta-H Uansfe§

\ chain transf

reaction time

eaction time

(b)
Figure 5.17 Schematic repre ior : f "‘:‘ fects of different MAO concentration :
(a) low MAO ¢ § b ' AO concentration.

Al was investigated from
entries 2, 7-8 showed t@t the 0°C gave the highest activity. An

increasing in temperature Psults in higher %pagation rate. These results can be

explained by a ﬂ%ﬁ@d‘ﬂeﬁ%%ﬁf})ﬂqhwh involves the

initial formation off a [[-complex of an olefin with the catalyst metal, followed by

°ha’"m’g'ﬂ“W"f’ﬁ\‘iﬂ‘§m UANAINYA Y

M — M-CH,-CH,-(P)
ky CH2

M+ + CH,=CH,
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When []-olefin coordinated with metal center to form the []-olefin complex,
this complex is more stable at the low temperature. Therefore, it is difficult for the
complex to go on the propagation step by insertion process. This affects to the

increase of activity with increasing polymerization temperature.

For entry 9, the same condition as entry 8 was used except that dried MAO was

used. The result showed that the use of ¢ AO which was prepared by removing

toluene and an excess amount o

MAO (toluene solution) d1d 1ot 2

white solid, in place of ordinary
activity (the activity of both
cases were the same). Th1
(0-2,6-"Pr,C¢H3),Cl whic
activity when the dried

ene polymerization by CpTi

increase polymer yield and

of PE/mol of Ti . ‘ i AO and driec system were 1.4/77 and

3.2/441 respectively.”!

111n;' F

.ahl'ﬂ':—'\‘

investigated. The resultsBere show

Table 5. ﬁ %)&}:ﬁ} iﬁ &] W@W 8 "} ﬂ ‘§nous iron — based

A catalysts/MAO

e/
Catalysts |~ " Product ‘ oYield = 7 Activity
(mg) (kg polymer mol cat™)
cpx la 138.7 4.1 13.9
cpx 2b 137.6 4.1 13.8
cpx 3¢ trace - -

10.0x10°° mol catalyst, Al/Fe mole ratio of 1000, t, 24 h, T, 30°C and 1-hexene
5.00 mL (39.98 mmol, 3.36 g)
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Iron complexes that can convert 1-hexene were cpx 1a and cpx 2b. Both give
comparable %yield. The c¢px 3c is inactive. The results showed that the activity of
catalyst depends on ligand. Ligand in cpx la that is RNH(CH;);NHR (R = 2,6-
iPr2C6H3) had been used to react with TiClys to synthesize catalyst- for 1-hexene
polymerization.”” RHN(CH;)C=C(CH3)C=NR (R = 2,6-'Pr,CsH3) which is ligand in
cpx 2b also had been used to synthesize chromium catalyst for ethylene

’/a) and (b) are appropriate for olefin

polymerization.’®” These mean that li

polymerization.

5.2.2
5.2.2.1 PolymeriZati cne| catalyzed by epx 1a/[PhsC] [B(CgFs)]
using vari n<
The influence of cat R T ymerization temperature (t,) and

Al/Fe mole ratio on Il-hexene .po as studied by varying catalyst

e B
10 efdt -20°C, 0°C, 30°C and

50°C and Al/Fe molé s 200 and 400 (1 [tinium comes from the
amount of used TIBA) Bmg RH] ('% 2,6-" P1C6H3) (cpx 1a) /

[Ph3C] [B(CgFs)4]. The exmrlmental results were shown in Table 5.13.

ﬂ‘IJEJ’J’VlEWﬁ‘WEJ']ﬂi
Q‘W’]Mﬂ‘im 1IN Y

concentration from 2.5
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Table 5.13. Polymerization of 1-hexene catalyzed by cpx 1a/[Ph;C][B(CgFs)4]

at different polymerization conditions

Entry | Amount of Al/Fe Tp Product %Yield Activity
catalyst mole (°C) (mg) (kg polymer
G} ratio " mol cat™)
1 2 5x%16" 200 0 17.3 0.5 6.9
2 5.0x10°° 200 52.8 1.6 10.5
3 10.0x10° 3.8 12.8
4 15.0x10° 2.6 5.8
5 10.0x10°® 3.1 10.5
6 10.0x10°® 2.5 8.4
7 10.0x10°¢ 1.8 5.9
8 10.0x10°® 14.4
9 10.0x10°° -
10 = s .

tp 24 h, 1-hexene 5.00 mL (

P 7

T

From entries 1-4, the o

forming inactive specics. Furthermore th

increased when higher aaunt of cata

rrom e LB D B SRRV otymetsiont

boron cocatalyst Mstem at low tempgrature gave Ei.gher activity t&jn that at high

o PN B S AT BIY R e e

catalyst deactivation.

Results from entries 3 and 8 showed that Al/Fe mole ratio of 400 gave higher
activity than that of 200. Increasing amount of TIBA helped acting as an impurity

scavenger.
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From entries 9 and 10, respectively it also showed that no polymerization was

occurred without catalyst or TIBA.

%Yield of products and activity obtained from cpx 1a and cpx 2b were very
low. This could be due to the fact that the late transition complex catalysts generally
exhibit reduced activities for olefin insertion and B-H elimination, which steadily
competes with chain growth resulting in the formation of oligomer and low %yield.
Additionally, the product that is color oil might be lost in the step of solvent
evaporation. Souane and co-w \x%lymmzatmn of 1-hexene by
LFeCl, catalyst (L = 2,6-( »CsHj as a very good catalyst for
y 4un olymer was obtained. They
an |ex ﬁ propagation rate or to a

[653 A itionally, oligomerization of

r'QRortcd. When 1-hexene was

ol o*erization of 1-hexene was

Pr)y/AlEt,Cl system also produce&g}ﬁgnw ne.*”)

= T el (’L

e effeﬁou@@wﬁ AN IR Fotmersaton wa

investigated. The tésults were shown i 12 Table 5.14.

ARSI HAAAIN AN e

with adding dichloromethane solvent

Entry | Added | Time | Product %Yield Activity
solvent (h) (mg) (kg polymer mol cat'l)
1 - 24 303.6 3.0 12.1
2 CH,Cl, 24 3474 34 13.9

10.0x10® mol catalyst, 1.5 equivalent of boron cocatalyst, T, 30°C, Al/Fe 400 and 1-
hexene 5.00 mL (39.98 mmol, 3.36 g)
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The results from Table 5.14 showed that %yields of product between adding
dichloromethane and without adding dichloromethane were the same. This means that
the adding of dichloromethane did not affect in the increasing of %yield.

5.2.2.3 Comparison of boron cocatalysts

The effect of different cocatalyst op

xene polymerization using [RHN(CH,)
vestlgated by varying types of

cocatalyst; [PhNMezH][B( Fs)4]-an 4] The experimental results

Table 5.15. Pol cpx 1a using different

Cocatalyst Activity
(kg polymer mol
cat )
[PhNMe,H][B(CgFs)4] 1:3
[PhsCI[B(CeFs)] | 8.4

- 10.0x10° mol catalyst, ' Tp 30°C and 1-hexene

5.00 mL (39.98 mmol, 3.3ﬂg

[Phﬁ][Bﬁ ﬁ ] gvethe same acuw%a ﬁhNMezﬁ[%céFsm
RARARIN @Wgﬁéﬁ%ﬂ NYINY

The effect of different alkylating agent on 1-hexene polymerization using [RHN
(CH);NHR]FeCl; (R = 2.6-Pr CsH3) (cpx 1a) was investigated by varying types of
alkylating agent; TIBA (200 times of catalyst concentration), MeMgBr (3.5 times of

catalyst concentration) and PhMgCl (3.5 times of catalyst concentration). The

experimental results were shown in Table 5.16.
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Table 5.16. Polymerization of 1-hexene catalyzed by c¢px 1a using different

alkylating agent
Alkylating agent Product %Yield Activity
(mg) (kg polymer mol
cat ")
TIBA 72.8 2.2 7.3
MeMgBr 38.8 1.1 3.9
PhMgCl 1.8 59
10.0x10° mol catalyst, 1 equivalent of bote alyst, t, 24 hr, T, 30°C

and 1-hexene 5.00 mL (39.98 ::

5.2.2.5 Polymerizati héexene with Vari £ catalysts/[PhsC]

Activity

WA Tidt wmwﬁ%@ﬁm%

10.0x10™ mol catalyst, Al/Fe mole ratio of 200, tp 24 hr, T}, 30°C and
1-hexene 5.00 mL(39.98 mmol, 3.36 g)

Cpx 1a gave higher activity than cpx 2b. The reason for the difference in the

activity between cpx 1a and cpx 2b was not clear at this moment.
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5.2.2.6 Polymerization of I1-hexene with rac-Et(Ind),ZrCl, catalyst /
[PhNMe,H] [B(CgFs)4] cocatalyst

For comparison, 1-hexene polymerization with rac-Et(Ind),ZrCl, catalyst and
[PhNMe,H] [B(CgFs)4] as cocatalyst was performed. Al/Zr mole ratio of 200 and 300
and polymerization time at 24 and 48 h was investigated. The experimental results

were shown in Table 5.18.

-Et(Ind),ZrCl,/ [PhNMe,H]

H

Table 5.18. Polymerization

[B(CgFs)a4] co? <4

Entry | AlVZr Activity
(mole I’// # (kg polymer mol cat’ b
ratio)
:;,
1 200 | 24 " ;;ff;‘ ,, 162
2 | 300 | 48 &Il 510
LA
5.0x10° mol catalyst, 1 equi enL:ﬁ.f-E H][B(CsFs)4], T, 30°C and 1-hexene
5.00 ml (39.88 mmol, 3.36 g 4
The results fromjTable 5.18 showed : sifg in Al/Zr mole ratio and

. For comparison with

non-metallocene catalyst, this zi gave.ﬂgher %yield and activity

than cpx 1a catalyst.

ﬂ‘lJEJ’WIEJ‘ﬂ‘iWEJ’Wﬂ‘i
Wmlcamure deterrmnu w’]q VI Elf]‘ a El

5.3.1.1 Carbon-13 nuclear magnetic resonance spectroscopy (I?C-NMR)

Carbon-13 nuclear magnetic resonance (°C NMR) spectroscopy is a
tool for molecular structure analysis. The chemical shifts of poly(1-hexene) is in a
range 45- 10 ppm. The assignments of the chemical shifts are shown in Tables 5.19-
5.21. The ">C-NMR spectra of products obtained with cpx 1a, cpx 2b and rac-Et(Ind)
»ZrCl; are shown in Figures 5.18-5.21.
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Table 5.19. ?C-NMR data of product obtained with [RHN(CH,);NHR]FeCl; (cpx

1a) catalyst (reference is atactic polyhexene)

Chemical shift (Exp.) Chemical shift (ref.”%) Assignment
(ppm) (ppm)
42 G
35 Co
32 Ce
29 Cq
23 Ce
14 Cs

[RHN(CH3)C=C(CH;) C=NR]
polyhexene)

Table 5.20. >*C-NMR data/c
FeCl; (cpx 2b) catal St {rel

Chemical shift (Exps ~ Assignment

(ppm) e — :—Z;‘_
Ca

:2 E 34 ] Co
ZAULINYPINNNT &
afaenINEnIINY 1A

U
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Table 5.21. “C-NMR data of poly(l-hexene) obtained with rac-Et(Ind),ZrCl,

catalyst (reference is isotactic poly(1-hexene))

Chemical shift (Exp.) Chemical shift (ref.”>) Assignment
(ppm) (ppm)

40 40 Ca

35 Ce

32 /// Co

29 = Cs

23 Ce

14 Ct
Products that obtained with/ir : :1 ed catalysts “¢px 1a and cpx 2b are atactic
polymer. This was identified b .,‘e".v . l VIR spectra of the products
and reference atactic poly(1- eng}ﬁ’: s 5.22-5.24. Steric bulkiness of the
auxiliary ligand in metal comgp ex@ bortant role for the microstructure of the
polymer product. Ligand in cpx da that is Rl sNHR (R = 2,6-iPr,CgH;) had
been studied by form lex wi .]TiClz. This titanium
catalyst that activated"with MAO [Ph ) catalyst generated atactic

poly(1 -hexene).[5 0l

Poly(1-hexene) as ®white rubber-liketsolid obtained %nrac-Et(Ind)ZZrCIZ

catalyst was 1sﬂctu;§!|y('ﬂhmr&] mingtg;s] ﬂnf' ed by “C-NMR

spectrum compar&'i with the referenge. This zircgium catalyst jf_,a' well-known
caalys: QARFRANFER AN 1IVNE 1A 2

A Eomparison between 3C-NMR spectra of atactic and isotactic poly(1-
hexene) reveals that atactic poly(1-hexene) showed broad and multiplet peak while

isotactic poly(1-hexene) showed sharp singlet peak.
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o

PPA

Figure 5.18 C-NMR spectra of product obtained with [RHN(CH,);NHR JFeCl;
(cpx 1a)/MAO.
A) reference atactic poly(1-hexene)®” B) 10x10°mol catalyst, Al/Fe 2000,30°C
C) 10x10°mol catalyst, Al/Fe 1000, 30°C D) 10x10°mol catalyst, Al/Fe 1000, 50°C



Figure 5.19 BC-NMR spectra of product obtained with [RHN(CH,);NHR ]FeCls
‘ (epx 1a)/[Ph3C][B(CsFs)a].
A) reference atactic poly(l-hexene)[SO] B) 10x10°mol catalyst, TIBA 400, 0°C

92

C) 10x10°mol catalyst, TIBA 200, 30°C D) 10x10°mol catalyst, TIBA 200, 50°C
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- 10 —— A

Figure 5. b ) *C-NMR s product I ained with
[RHN(CEC—C(CHQ C=DNR]FeCl; (cpx 2b).

A UBGRENGARITT

B) cpx 2b/[Ph3Q] [B(CgFs)4] cocatalyst

Qﬁﬂa\iﬂ‘iﬂmiﬂﬂﬂﬂ’]ﬂﬂ



ﬂumwmwmmw
TR R

A) reference isotactic poly(1-hexene)
B) rac-Et(Ind),ZrCl, /[PhNMe,H][B(C¢Fs)4] cocatalyst
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5.3.1.2 Proton nuclear magnetic resonance spectroscopy (‘H-NMR)

The "H-NMR spectroscopy is a helpful technique to identify the end group of
polymer. There is a report about end-group analysis of the oligohexenes formed ('H-
NMR) showed the chemical shift of internal double bonds (8 = 5.37-5.34), vinylidene
end group (H,C=C(R)R/, § = 4.72-4.56) and vinyl end group {H,C=CHCH;R, § =
5.80 (m, 1H, H,C=CHCH,R) and § = 5.01-4.90 (m, 2H, H,C=CHCH,R)}."*") The 'H-

ppm, internal double bond at 5.4-5.2 ppn i nd group at 5.2-5.0 ppm and
saturated end group at 1.3 pp {-CHj: lﬁppm (-CH3). The 'H-NMR

+§- cpx la were shown in

- spectrum of product obtai
Figures 5.22-5.23.

AULINENTNEINT
AR TUNNPPEAY

PPH

Figure 5.22 '"H-NMR spectra of poly(1-hexene).
A) reference isotactic poly(1-hexene)® B) rac-Et(Ind),ZrCl,/[PhMe,NH][B(CsFs)]
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e ——

T ———

a
Figure 5.23 H*NMR ;s = .nni;. auc "'\ CpX la/[Ph3C][B(C6F5)4].
(10x10 ca}&}g \I/Fe 40 » 30°C and t, 24 h)
'"H-.NMR spectrum of p -gﬁa ?x e figure 5.22 indicated that there are
two different types of z nd g y g t4.6 ppm and the saturated

.

o types of termination
d group and &in transfer to aluminum,

end group signal is at-0.8
process; -H transfer, ﬂing vinylidene ¢
giving saturated end group. Bigure 5.23 showed that '"H-NMR spectrum of product

from cpx 1a Coﬁu&a’lm&%@w ﬁg&] ﬂs% and 4.72 ppm, the

internal double b&ld signal at 5.35 ppm. These cheg_'cal shifts congern with a report
about eWﬁﬁ@ﬂﬁxﬁ%ﬁ)% lmha'eyhe chemical
shift of intérnal double bonds (6 = 5.37-5.34), vinylidene end group {H,C=CHCH,R,
8 =5.01-4.90 (m, 1H, H,C=CHCH,R) and § = 4.72-4.568 (m, 2H, H,C=CHCH,R)}.
“U These indicated that there are three types of product’s end group; B-H transfer,
giving vinylidene end group, rearrangement, giving internal double bond and chain

transfer to aluminum, giving saturated end group.
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5.3.1.3 Gas chromatography-mass spectrometry (GC-MS) and gas
chromatography (GC)

Gas chromatography-mass spectrometry (GC-MS) and gas chromatography
(GC) are methods used for identifiying products. Gas chromatogram of
polymerization products obtained by using cpx 1a/[Ph;C][B(C¢Fs)s] system
(10.0x10°® mol catalyst, 1 equivalent of boron cocatalyst, Al/Fe mole ratio 200, t, 24 h
and T, 50°C) and using cpx 2b /[P 5)a] system (10.0x10° mol catalyst, 1
equivalent of boron cocatalyst, . \ W v ,tp24hand T, 30°C) were shown

in Figures 5.24-5.25. Thei , “hromatogram were shown in
T—

Figure 5.24 Gas chromatogram of polymerization product obtained by c¢px 1a/
[Ph3C][B(CgsFs)4] system (10.0x10° mol catalyst, 1 equivalent of boron
cocatalyst, Al/Fe mole ratio 200, t, 24 h and T, 50°C).
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solvent

277 LI\
18.00

:‘“

Figure 5.25 Gas tt sram of polymerization profuict obtained by cpx 2b/
[PhsC][B(Cgls)a] system 51, IMequivalent of boron

cocatalyst, Al/Fe mole ratio 200, t, 24 b and T, 30°C).
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- Figure 5.26 Mass spectrum of gas chromatographic peak at retention time of 7.89.
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Figure 5.27 Mass spéctrum of gas chromatographic peak at retention time of 8.35.
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Figure 5.29 Mass spectrum of gas chromatographic peak at retention time of 10.78.
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Figure 5.30 Mass spectrum of gas chromatographic peak at retention time of 11.72.
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Figure 5.32 Mass spect k at retention time of 18.00.

The results from _;4’_ AN 2 1§ 5.24-532 revealed that gas

____ 72, 14.67 and 18.00 were

i ‘ vinylidene end group),

chromatographic peak ai

ligand of cpx 1a cata

rom [

trimer (saturated end up), Ph;CH 3C][B(C¢Fs)s] cocatalyst,

pentamer (vinylidene end@mp) and hexamery (vinylidene end group) respectively.

his reul shofe} BB b PHEPVEG W S 7 Foroved because he

product from pol)ﬂllenzatlon was cont%;mnated with catalyst and cocatalyst

4 WIANN I U113ANEN agm .

The fragmentation patterns of each mass spectrum in Figures

shown in Schemes 5.2-5.7 respectively.



CH,
H,N H,N .
iPr O CH, iPr C=w. CH,
Ll
e
m/z =177 m/z = 162
Scheme 5.2 The fragmenta laniline from Figure 5.26
: -CoH;
u" |
I
q}u _gnﬂﬂ@wm p
2 (CEHIZ
CH3
m/z = 85

Scheme 5.3 The fragmentation pattern of dimer (saturated end group) from
Figure 3.27.
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CH3-CH2-?H-CH2-/CH-CH=/CH tHz-C\H-CHz-(IJH-CH=?H
CH, CH, CH, CH, CH, CH,
l I -CHy l l I
lCH2 (|:H2 CH, —_—> CH, ICH2 (l:Hz
CH, C|2H2 ?Hz CH, CH, (|3H2
CH; CH; CH, CH; CH; CH;
m/z = 266 m/z = 251
l'CGHIZ
TH=CH CH,-CH-CH=CH
/ u " ‘ )
C ?H;,_ CH,
Clle CH,
™= 1
' CH; CH,
m/z = 167

1dene end group) from

+
CH3-TH-CH2- H

:Tf—-'-—=--—5-‘ CH, CH,

N maf{ I ﬁm'%’wmmﬂ
Sz‘zama\m?f@ﬁm@ﬂmwﬂz

CH2
o = 268 S 2 CH2
e CH, CH,
| CH,
CH; CH, L
m/z = 239 ?
m/z =99

Scheme 5.5 The fragmentation pattern of trimer (saturated end group) from
Figure 5.29.
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CH,

CH, CH, CH, CH,
N
CH,
CH, H;- CHZ-TH CHz-CrI CHZ-CH CH,CH +
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CH, CH,
(’:H2 (|3H2
CH, CH,
m/z = 351
Scheme 5.6 The fragm ‘~ ylidene end group) from

awmﬁﬂmu
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Scheme 5.7 The fragmentation pattern of hexamer (vinylidene end group) from

Figure 5.32.
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Gas chromatogram of obtained product by cpx 2b/[Phs;C] [B(CeFs)4]
cocatalyst in Figure C from appendix section showed that a number of the products
were the same as that from cpx 1a/[Ph3;C][B(CgFs)4].

5.3.1.4 Infrared spectroscopy (IR)
The infrared spectroscopy is an effective method to determine the
microstructure of polymer. It is sufficient to characterize the functional groups of poly

(1-hexene) in the wave number of 400-4000 cm’. The FT-IR spectra of products

obtained from cpx la, cpx 2 .._fﬁ,'-' '-"-' ZiCl, were shown in Figures 5.33-
5.36. The identification of thesspectrum was st & 1in Tables 5.22-5.24.
Al™ :

KT
L

ls:aa

g 8 ® 8 8 §

ransmitance
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Ti)e §I;= s

qvg*;mn' I8 e

Figure 5.33 FT-IR spectra of the product obtained with (cpx 1a)/MAO.
A. 10x10°° mol catalyst, Al/Fe 1000, 50°C B. 10x10° mol catalyst, Al/Fe 1000, 30°C
C. 10x10 mol catalyst, Al/Fe 2000, 30°C
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Figure 5.34 FT-IR spectra of the products obtained with (cpx 1a)/ [Ph3C][B(CgFs)a].
A. 10x10° mol catalyst, Al/Fe 200, 30°C  B. 10x10°® mol catalyst, Al/Fe 200, 0°C
C. 10x10°® mol catalyst, Al/Fe 400, 0°C
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Figure 5.35 FT-IR spectrugd of / F’ ? \ pX 2b)/[PhsC][B(C6Fs)4]
0200 and T, 30°C).

system (10.0x 1€ g
e

,f.-r i ,4
Table 5.22. FT-IR data of the pr du uw[ e polymerization by cpx 1a/MAO

and cpx 1a/[P

Y

Wave number (cm™) | = Ref.”® Assignment

o AN szi’wmﬁﬁ“
A1) 6700 Db ol £ 16 8

120051000 1200-1000 | in-plane bending vibrations of C-H bond
900-800 900-800 | out-of-plane bending vibrations of C-H bond
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Table 5.23. FT-IR data of the product from 1-hexene polymerization by cpx 2b /

[Ph3C][B(CeFs)4]
Wave number (cm™) Ref." ¢ Assignment
2956 2962 asymmetric vibration of saturated end group-CHjs
2856 2850 symmetric vibration of —CHj-
1456 1460 vinylidene end groups

_ 1370 \i&!%bonds
1200-1000 1200-100@ in-pl: mg vibrations of C-H bond

900-800 900%98—gbut-g-pIan vibrations of C-H bond

From Table 5.22‘;, e

vibration of saturated bend
asymmetric vibration of ( up+CHs. Th é%at 2856 is the symmetric

vibration of —~CH,-. The 1o# Ve numbet r ves the information on the end

3000 cm™ are due to the

) em” s assigned to the

A 3
Ad

of C-H. There are two kinds of C=C _{j 1
i viirglidene, end gro ps.and a_weak one at 1376 cm™

i
rations, a relatively strong vibration

corresponding to inten

i
Iy )
The result from FT-IR in Figures 5.33 and 5.35 showed that there are two

types of end gr C ﬁ?ﬂfaﬂtfw ; \:ﬂﬁene end group and

internal double Hdﬁ- elimination‘resultéd i m nd group but internal

double bond came from the rearrangerfient of oﬁ:ﬂ-chain which i§'then terminated
(fu i

by B-H %ﬁqaﬁaﬁ]i ’.Jﬂylﬂa oa-ugcl was chain

transfer to aluminum, resulting in the formation of saturated end group. This result

t

was supported by the polymerization of 1-hexene catalyzed by rac-Me,Si(1-CsH,-2-
CH3-4-"Bu),Zr (NMe,),/TIBA/[Ph3C][B(CgFs)4]. The study of this zirconium system
found that in the polymerization of 1-hexene monomer, chain termination by B-H
elimination resulting in vinylidene end group competed with chain transfer to
aluminum."®’ Mechanism of B-H transfer, rearrangement of polymer chain and chain

transfer to aluminum was shown in equations 18-20.
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beta-H transfer
-HFe
sz H, H, CH,
H, ICH2 H, cI:H2
H, ?Hz H, (sz
CH, CH, CH, CH,

vinylidene end group

Pn- H-CHz-FH-CHzFe rearran e
CH, CH,

Pn- (fH CHZ-(f-CH3 19)
CH2 CHZ

CH, (IJHz CH, (IJHz
CH2 THZ CHZ ([ZHz
CH; CHjy CH; CHj
internal double bond
Pn-ﬁH—CHz-FH-CHzFe+AlR3 ain, i alum Pn-C -CHZ-FH-CH2A1R2+ FeR (20)
CH, sz )
CH, ('ZHZ
(IIHZ CH,
- |'
CH3 CH3 i! CH3 .CH3
' Pn- H-CHET{

CH2

CH2 ('IHZ

CH; CHj

saturated end group



110

WMN'_ v

%W
33

iR ——r “-n.s

NS
- ﬂ//&\\\s -

Figure 5.36 FT-IR spe e PO yql- xene) obta h\‘.. with rac-Et(Ind),ZrCl,.
.wum /

PaLC

Table 5.24. FT-IR data of poly(1- :{:‘,_' Obf; with rac-Et(Ind),ZrCl; catalyst

Wave number (cm™) 1A R i signment
—=.

2959 'I on-of saturated end group-CH;

2856 2850 symmetric vibration o —CH,-

El‘ﬁ VIpH M
\
1376 ﬂ 1‘1 7‘ EL ubl ds ﬂ i
1200-1000 1200 1000 # infplane benduﬁwbraﬂons of C:H bond

o)) ) B7KD (e bl o

FT-IR in Figure 5.36 showed that there are two types of end group occurring
in this zirconium system; vinylidene end group at 1461 cm™ and internal double bond

at 1376 cm™. This result indicated that the termination process should be 3-H transfer

and rearrangement.



111

5.3.1.5 Glass transition temperature (Tj)

The glass transition temperature (T,) of poly(1l-hexene) from rac-Et(Ind)
2ZrCl,/[PhMe,;NH][B(CgFs)4] system has been determined. DSC curve of the poly(l-

hexene) was shown in Figure 5.37.

DSC /ImW/mg

Jexo

0.45+

0.40

0.35 1
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0.10 7 .. , ¥ % o y W '
s Ineidy-
Figure 5.37 DSC curve of poly(1-hexene) produced by rac-Et(Ind),ZrCly/
[PhMe,NH][B(CgFs)4] system.

The glass transition temperature (Tg) was observed at —47°C which was
corresponded to the value for isotactic polyhexene. In the cases of cpx 1a and cpx 2b,

products from both catalysts are colorless oil, therefore DSC data was not obtained.
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5.3.1.6 Molecular weight (Mw) and molecular weight distribution (MWD)

The molecular weight and molecular weight distribution of poly(1-hexene)
produced with rac-Et(Ind),ZrCl,/[PhMe,NH][B(CsFs)4] system was investigated. The
polymerization condition was 5.0x10 mol catalyst, 1 equivalent of boron cocatalsyt,

T, 30°C and Al/Zr mole ratio of 200. The result was shown in Figure 5.38.

dw t/d(logM)
Cumulative %

1 20.00

Figure 5.38 GPC ¢ Urveof poly ene) from rac-Et(Ind),ZrCl,/

2T TIOER ey,

Figure 5.38 showed tha ataly roduceoly(l-hexene) with high
molecular weight (Mw 48,596, Mn 20,874) andexhibited molecular weight of 2.33.
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