CHAPTER IV

EXPERIMENT

In the present study of 1-hexene polymerization with late transition metal

catalysts, the experiment was divided into five steps.

Catalysts synthesis

Characterization of the syr ‘\ /
Catalyst and coca w utlon

1-Hexene polymerization with the 1
. Characterization :/- 5 \
The details of the experifiensyy / A

4.1  Operation and equipme

e

The experiments were d n?}g"‘_ ert atmosphere, prepurified nitrogen, using _
standard Schlenk technique. All egquipmen: Use the catalyst preparation and
@ e ;

polymerization are listed as follo/ ﬂ 7 T 1 =

4.1.1 ~":.—.._.—..=;...'-—?" I
Ve X

Schlenk line acuam lines. The vacuum line

|
|

was equipped with the“solvent trap and pump, respectl
connected to th ﬁ W through molecular
sieve, NaOH a ﬁﬁm ﬂ@lﬂﬁamed enough oil to
provide a seal from the atmosphere. The Schlenk linewwas shown in Figure 4.1.
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y. The nitrogen line was



inert gas. It has a side-arm

al models are shown in Figure 4.2.
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Figure 4.2 Round-bottomed, Schlenk flasks and Schlenk tubes.
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4.1.3 Vacuum pump
A pressure of 107 - 10" mm Hg generated from EDWARDS Provac
high vacuum pump model RV 8 England was adequate for the vacuum supply to the

vacuum line in the Schlenk line.

4.1.4 Heating bath

The silicone oil heating bath with thermometer was used to hold the

Ultra hig ; 2s was purified by passing through three
columns packed with Os, respectively.The inert
gas was used to feed i line and polymerization

reactor.

4.1.7 _Glove

'W’m':"‘-bi_—-:' ainer from which air or
to the Schlenk line, which

i

moisture are excluded. The

sit i C wrii
can be evacuated and thén filled with nitrogen gas. :
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4.2 Chemicals

The chemicals used in this experiment are analytical grade, except critical

materials are specified as follows:

Table 4. Chemical reagents and suppliers

Chemicals Suppliers

i Industry Gas Co.,Ltd., Thailand
~zab*Seans Co., Ltd., Ireland
3. Tetrahydrofuran 1EN Lab Scans Co., Ltd., Ireland

Ny

1. Ultra high purity nitrogen g

2. Toluene

-

\ Germany

'. ICK, - any

4. Dichloromethane
5. Ethanol
6. Diethyl ether

‘ Scans Co., Ltd., Ireland
7. 2,6-Diisopropylaniline I' d: \ hemical Company.
8. Butyl lithium(n-BuLi) 44 S S\igrek) Germany
9. Tetramethylethylenediami ed ~Merck, Germany
: = uka Chemie A.G., Switzerland -
hemie A.G., Switzerland

__ ........ -.. A.G., Switzerland

10.1,3-Dibromopropane
11. Acetylacetone
12. Ferric chloride ant'
13. 1-Hexene

I
14. Ethylene bls(mdeny;)]zxrcomum dlchlondc

5 ;)ﬂy a&mm WD T e
e v Riabtaib 1) s (LTI

1.OMi m diethyl ether
17. Tri-isobutylaluminium (TIBA) Donated from Japan Advanced

ie A.G., Switzerland

Aldrich lﬂn

mical Company, Inc.,

Institute of Science and Technology
(JAIST), Japan

18. Silica gel Merck, Germany

19. 8-Quinolinol Fluka Chemie A.G., Switzerland
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In this work, several reagents react violently with water and ignite
spontaneously in air (by reaction with oxygen and/or moisture). So they were handled
safely using inert atmosphere techniques (Schlenk and glove bag techniques). Also,

the chemicals and solvents were dried before use with following methods:

1. Non - halogenated solvent was purified by refluxing over sodium /

benzophenone and distilled under pitrogen atmosphere.

3. Dichloromethane, acetonitrile : e were purified by refluxing with
o /
calcium hydride be ...-—"

[€-l1SE.
4. Diethyl ether

molecular sieves into the

solvent.

mthefonowmgﬂuﬂ q wﬂ‘ﬂ‘jw&]’]ﬂﬁ

Fourier transform infrared spectrometry (FT-

a m@ SRS LUBT IR St e

recorded %n Nicolet FT-IR Impact 410 Spectrophotometer at Department of
Chemistry, Chulalongkorn University. The liquid samples were coated on NaCl cells.
The solid samples were prepared by pressing the sample with KBr. Infrared spectra

were recorded between 400 cm™! to 4,000 cm’! in transmittance mode.
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4.3.2 Nuclear magnetic resonance spectroscopy (NMR)

'H-NMR and "*C-NMR spectra were obtained on Bruker ACF 200
MHz at Department of Chemistry, Chulalongkorn University. The NMR spectra were
measured in chloroform-d at room temperature. Broad-band decoupling was used to
remove the '>C-"H coupling. The center peak of chloroform-d was used as the internal

reference ('"H-NMR at 7.2 ppm and >C-NMR at 77.0 ppm).

433 Differenti g&&‘q"%euy (DSC)

The meltmg Te gm) ass transition temperature (Ty)

of the polymers were 200 at the Scientific and

Technological Researc ilalongkorn University. The

analyses were performe the temperature range of

influenced by the mechani orhial his ' les.

434 Gel permezfﬂEhr aphy (GPC)

= A "-v'
= i‘..d o 4
= - ‘w'

), the National Science

and Technology Dev&pment ' A). ”lmk molecular weight and
molecular weight distributien, of the polymer was measured at room temperature

sing THF o aﬂ LA NENLS I AR e 150 colam

(column TL gel um mixed B 2 column, Reﬂe tive Index dete&pr and injection

o QI VY BN 38 e o

were used for calibration.

4.3.5 Gas chromatography — mass spectrometry (GC-MS)

Gas chromatography was carried out on Varian, Star 3400 CX and
mass spectrometry was carried out on Varian, Saturn 4D at Scientific and

Technological Research Equipment Centre (STREC), Chulalongkorn University.
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280°C, 10min

20°C/min
120°C, 2 min

4.3.6 Gas chromatography (GC)

Gas chromatogra arried out on Shimadzu GC-14B gas

S5-mm inner diameter DB-1 (0.25

um film thickness) column, Chulalongkorn Unﬁ
.-""’“O° Omin
7\ i

n  JENWAY spectronic. -

. J‘ glass capillaries using

electrothermal apparatus. The uncorrected melting poin ere reported in degree

Augingnineins

emental analyses

o A TR AN T

separated by frontal analysis and quantitatively detected by thermal conductivity

Celsius.

detector. This technique was performed at Scientific and Technological Research
Equipment Centre (STREC), Chulalongkorn University. Elemental analyse of cpx 2b
was carried out on CHNS analyzer Perkin Elmer TE 2400 series II USA at
Department of Chemistry, Faculty of Science, Chiangmai University.
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4.3.10 Atomic absorption spectroscopy

Atomic absorption spectroscopy was used for determining the amount
of iron. This technique was performed by Scientific and Technological Research

Equipment Centre (STREC), Chulalongkorn University.

4.4  Procedures for catalysts synthesis

bar, BuLi 35.00 mL ( i Y7 L) ¥ ed dropwise to a stirring
solution of 2,6-diisopro  £.50.mL (° in THF 37 mL at —78°C.

solution was cooled to 0° | imeda 7.50 mL (50.00 mmol) was added dropwise

followed by 1,3-dibromopro ___‘_" NS . ol), then stirred overnight at
room temperature. The solutio T 0 water 30 mL and extracted with _
dichloromethane (3x15 mL). Thn.bﬁﬁﬂrt’f dried over anhydrous Na,SO, and
the dichloromethane: st tor. The resulting orange

oil was purified by si € mn chr sing dichloromethane : hexane

|
(7:3) as eluent. The first-

afterremovmgtﬁ ﬂg.l /g 1[] Ejm‘i w EJq ﬂi

DCl3) 3 (ppm) 7‘.12 (m, 6H), 3 37 (sept, 4H), éJOZ (t, 4H), 2.97

¢ ZH)’Q”W'ZF&NFI’?’ZN NN Y

ref;>” (300 MHz, CeDs) : & (ppm) 7.10 (m, 6H), 3.36 (sept, 4H), 3.01 (t, 4H),
2.97 (s, 2H), 1.77 (pent, 2H), 1.22 (d, 24H)

‘g, 88 %yield) was obtained

BC-NMR(CDCLy): 8 (ppm) 143.5, 142.4, 123.6, 50.3, 32.4, 27.8, 24.4
ref.®” (300 MHz, C¢Dg) : & = 144.0, 143.7, 123.9, 50.8, 32.7, 28.1, 24.5

FT-IR (NaCl): v (ecm™) 3371(w), 3050(w), 2950(s), 2865(s), 1621(w), 1451
(s), 1362(m), 1254(m), 1103(m), 798(m), 753(s)
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UV-Visible Spectrum: Ap,, =279 nm, € = 13,587

4.4.1.2 Synthesis of 1-((2,6-diisopropylphenyl)amino)—4-((2,6-diisopropyl
phenyl)imino)-2-pentene ; RHN(CH3)C—C(CH3)C—NR
(R = 2,6-"Pr,CsH3), ligand (b)

Into a 250-mL three-ne ottom flask equipped with a magnetic

bar and a reflux condenser, co e ic acid 0.04 mL (4.80 mmol) was
added to a solution o , mL (4.90 mmol) and 2,6 -
—
. The reaction mixture was
1 residue. The crude product
stirring with 20 mL solution of
saturated K,COs3, the organi ' 1S separa ed. aporatlon of solvent and
recrystallization from 1

(0.95 g, 46 %yield).

as a white crystalline solid

"H-NMR(CDGly): 8 (ppm) 12.09 (br, 1H), 7410, (ras 6H), 4.84 (s, 1H), 3.09
(m, 4H), 1.69 (s, 6H), T2y 1120 120 FY

ref."2(CDCI5) : E(p " mﬁ{) 4.84 (s, 1H), 3.10 (m,
4H), 172 (s, 6H), 1.22 (d, J2H), 112 (d, 12H),, ‘

FT-IR (@ M ’J)ﬂ8ﬂvnj9wgl’lvﬂl25(s) 1550(s), 1442
"TIRAS 5l Inenay

UV Visible Spectrum: A,,, = 320 nm, € = 32,000
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4.4.1.3 Synthesis of bis(salicylaldehyde)N N -ethylenediimine (salen),
ligand (c)

Into a 100-mL two-necked round bottom flask equipped with a magnetic
bar, ethylenediamine 5.00 mL (60.00 mmol) was slowly added to salicylaldehyde
18.30 mL (150.00 mmol) and stirred at room temperature. The yellow precipitate

from 95% ethanol. Bright yellow

2.

'H-NMR(CDCl,): (P pn s\ 2H), 7.20'dy, 2H), 7.21 (dd, 2H), 6.92 (d,
2H), 6.83 (dt, 2H), 3.93 RN
ref. (200 MHz, (ppm) 132 2H),, 829 (s, 2H), 7.26 (dt, 2H),

FT-IR (KBr): v ( 130(w), 305¢ \l O(w), 1635(s), 1573(s), 1496
(s), 1280(s), 1149(s), 856 (), 748 \
ref.(*”) : 3500(w), 3010-3050¢). 2870-2950(w), 1750-2000(w), 1640(s), ~ ~
1450-1600(s), 1280(syand 70~ ¢
v
UV-Visible Spectrumi:

&

"E'j
,3%1d Amax =318 nm, € =

AU INENTNEINS
ARIAINTUNNING D

20,930
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4.4.2 Synthesis of iron complexes

4.4.2.1 Synthesis of [RHN(CH;);NHR]FeCl; (R = 2,6-PrC¢H3)

complex, cpx la

Into a 100-mL two-necked round bottom flask equipped with a magnetic
bar and a reflux condensor, a solution of RHN(CH,);NHR (R = 2,6-iPrC6H3) ligand
(a) 3.60 g (14.24 mmol) in 25 mL acetonitrile was added anhydrous FeCl; 2.23 g

(13.70 mmol). The mixture was refluxed for 4 hr to obtain dark red solution with red

powder. The red powder was se ~, V' Lo through frit. The dark red filtrate
was pumped off solvent and-added di recipitate the dark red solids

FT-IR (KBr):
. (w), 805(w)

1461(s), 1367(w), 1051

Elemental analysis: ; 58, 235 %H ; %N, 5.03; %Fe, 10.04

e AT
Molecular forgula; Cﬂfﬁgﬂgl"ﬁ@; 4

/1001 121 i) 1T I
ARANNTUNNIINGRY

.4.2.2 Synthesis of [RHN(CH3)C=C(CH3)C=NR]FeCl; (R = 2,6-"PrCsH3)

complex, cpx 2b

Into a 100-mL two-necked round bottom flask equipped with a magnetic
bar and a reflux condenser, anhydrous FeCl; 0.12 g (0.73 mmol) was added to a
solution of RHN(CH3)C=C(CH3)C=NR (R = 2,6-PrCsH3) ligand (b) 0.28 g (0.66
mmol) in 20 mL dichloromethane. The mixture was refluxed for 4 hr and stirred at

room temperature overnight. The crude red solid was obtained after pumping off
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solvent. Chloroform 10 mL was added to dissolve the solid. After filtration, yellow
filtrate was evaporated off solvent to obtain orange precipitates (0.0985 g, 26 %yield).

FT-IR (KBr): v (cm™) 3428(w), 2970(m), 2809(m), 1503(s), 1428(m), 1296
(s), 1103(s), 1037(s), 798(s)

Elemental analysis: Calc; %C, 54.11; %H, 6.61; %N, 4.21; %Fe, 8.39
Found; %C, 54.27; %H, 6.37; %N, 4.40; %Fe, 8.70

g (1.00 mmol) dlsso]\vqed ine MP’ pped slowly. and refluxed for 1 hr.

Precipitate had occu | anol and recrystallized
from ethano]:dwhlororrﬁm‘ uﬂé crystal (0.1552 g, 43
%yield). )

FT-IR (g uﬂn,a m&)ng w Ellll)ﬂéti (s), 1303(s), 1126

(w), 902(s), 755(s)

ARIANIU NN INYa Y

Elémental analysis: Calc; %C, 53.73; %H, 3.92; %N, 7.83
Found; %C, 53.78; %H, 3.35; %N, 7.57

Molecular formula: C;sH;4N,0O,FeCl

Molucular weight: 357.35

UV-Visible Spectrum: A, =475 nm, € = 8,403
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4.5 Preparation of catalyst and cocatalyst solution

4.5.1 [RNH(CH,);NHR]FeCl; (R = 2,6-iPr2C6H3) (cpx 1a) catalyst stock
solution (1.0x107 M)
[RNH(CH,);NHRFeCls, red solid 0.0278 g (50.0x10°® mol) was dissolved
in 50.00 mL distilled dichloromethane in a Schlenk flask.

4.5.2 [RHN(CH;)C=C Cls (R = 2,6-'Pr,C¢Hs) (cpx 2b)

, lid 0.0294 g (50.0x10° mol)
was dissolved in 50.00 i , ) chlenk flask.
» olution (1.5x107 M)
Fe(III)salen _, h- : . .0269'g (7. g mol) was dissolved in
50.00 mL distilled dichl ! 8 with a magnetic bar. The
solution was stirred under nitro ryhaﬂssp the solid dissolved

454  rac-Et bis(Ind)sZs Sk solution (3.3x10° M)
rac-Et bis( d)ZZrCl'z,-'y/ 'J\f}f- OW ish Solid 0.0836 g (2.0x10™* mol) was
( ‘
dissolved in 60.00 distilled-{oluene-i-a-Schlenk—t
issolved in - / . \‘.
|

1 - Q
45.5 [PhNQCZH][B(C6F5)4] cocatalyst stock solution (5. 0x107 M)

o BT
ama&mm UBANYO .

[Ph3C] [B(CgFs)4], orange solid, 0.0793 g (8. 6x107° mol) was dissolved in
50.00 mL distilled toluene in a Schlenk flask.

4.5.7 Triisobutylaluminum (TIBA) stock solution (0.05 M)
1.25 mL of TIBA solution (2.00 M) was mixed with 98.75 mL of distilled
toluene to get 0.05 M.
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4.6 Polymerization procedure

Polymerization of 1-hexene was carried out under dry nitrogen atmosphere in

a 100 ml round bottomed Schlenk flask with a magnetic bar.

1. Using boron cocatalyst
A catalyst solution was firstly alkylated by mixing with TIBA or MeMgBr
or PhMgCl. The mixture was stirred at room temperature for 1 hr. After that, a boron

hr. After the reaction mixture was

peratur . and @r 30 minutes, 1-hexene monomer

was injected to start the polymeriz n. é@lymemzaﬂon was terminated
cid. s extracted with chloroform.

The organic layer was he product was obtained

after evaporation of the

2. Using
MAO was £ o c lation. ¢ \ st and stirred at room
temperature for 1 hr, then hie desire \ serature for 30 minutes. The

next steps were the same as i

47 Catalystadigity Y]

ly 2

Activity in this s,xgnment can be calculated by the equation

wcuy = @R 7 %ﬂ RAREAN T
wRARIN T NAIINYIA Y

% Yield in this experiment can be calculated by the equation

% Yield = grams of product (obtained) x 100

grams of product (theory)
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