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Table 8.2: Assignment of the fragments from the isomer appearing at a retention

| Assignment

27 | 31.0 | [CH,=CHJ’

29 |35.0 | [CHy-CH,]*

39 |[24.3 | [CH,=C=CH]" . J

69 |[100 |[CH;-CH,-CH,-CH=CH]J

'68 14.9 | [CH,-CH=CH-CH=CH,J"

[CH,-CH,-CH,-CH=CH,J*

23
b 2.7 | [CHy-CH,-CH,-CH,-CH,J’
Q

41 {70.3 | [CH,-CH=CHJ'

“ FALY AL/ 1Y
I [vg-un=uris)

07 AR R oW _/CcCHd Y U=+
V.U L i3T\Wi )= wiri=url)

43 |24.3 | [CH,-CH,-CH,]' Es 6.5 |[CH,-(CH,),-CH=CH,]"

53 |10.8 | [CH,=CH-CH=CHJ' 11 | 24.3 | [CH,~(CH,);-CH=CHJ"
55 |98.6 | [CH;-CH,-CH=CHJ' Jlﬂz 4.1 | [CHs~(CH,)s-CH=CH,J*

51 2.7 | [CH,=CH-CH=CHJ -2H 110 [2.7 |[CH,-(CH,),-CH=CH]' - H
“1

56 | 35.1 | [CH,-CH,-CH=CH,J’ 126 (2.7 |[CH,~(CH,)-CH=CH,J

57 |21.6 | [CHy-CH,-CH,-CH,J’ 188 | 17.6 | [CH~(CH,);-CH=CH,J'
65 |4.0 |[CH,-CH=CH-CH=CHJ -2H [[169 |2.3 |[CH,-(CH,)s-CH,-CHJ"
67 {176 | {CH;CH=CH-CH=CHJ"

A et frmrmn tha Al
A~ RIS} u

Two features are clearly app:s

i) The spectrum contains about 20 isomers (12 carbon atoms for each isomer)

i) No one isomer is dominant

The mass spectrum of each of the peaks of the dimeric fraction in Figure 8.5 was
recorded and an attempt was made to match the spectral pattern with data contained

in the GC-MS reference library. From this analysis it was possible to convincingly

isomer corresponding to a specific peak. Clearly spiking by injection of known isomers

into the GC-MS would have provided unambigious confirmation of a spectral-structure

Oligomerisation mechanism
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The results obtained by spiking with the C,, isomers that were available are shown
below:
i) 2-,3-,4-5- and 6-methyl undecane: These species were not present in the
enartriim (ratantinn timae < 158 min)
ST LU UL TTlvliuvi e RS AR ALY

1)) dodecane: |dentified with retention time 15.64 minutes (1 % of product)
i) 1-dodecene: Identified with retention time 15.53 - 15.57 minutes (20 % of
product)

When taking possible reaction pathways into account for the formation of linear dimer

alkenes, the formation of 4-, 5- and 1-dodecene seems the most likely, while the

place after oligomerisation).

No other isomers of C,,, than those indicated above, were available for spiking. Hence

man

LRRL=10

-
~

of t omers in Figure 85 were thus identified by comparison of the
i L J L B~ LA LI ] ~ J [l A Rl ~ SN,

A

!

fragmentation pattern of the observed isomer with that predicted from the GC-MS
library. Examples of two such fits are shown in Figures 8.7 and 8.8. The fragmentation
pattern of the isomer occuring at 15.131 minutes is compared to the fragmentation

pattern of 5-methyl-5-undecene (E) (Figure 8.7) and the fragmentation pattern of the

isomer occuring at 15.503 minutes is compared to the fragmentation pattern of 5-
dodecene (Z) (Figure 8.8).

Oligomerisation mechanism
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fragmentation pattern of 5-methyl-5-undecene (E)
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The accuracy of the above fit (Figure 8.7) was shown to be 97% while the match in

Figure 8.8 was indicated to have a 94% accuracy. In both Figures 8.7 and 8.8 the

been compared to. It has however been found that even for isomers that have been

positively identified by spiking, the fragmentation pattern from the library is not

completely identical to the fragmentation pattern of the specific dimer isomer under

investiaation.
estigator

Oligomerisation mechanism



Figure 8.8: Fragmentation pattern of isomer a minutes compared to the
fragmentation pattern of 5-dodecene (2)
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_ Ina similar fashion attempts were made to match GC-MS peaks with other predicted
isomers; in particular those expected from a classical oligomerisation reaction.
Further, the isomers shown in Tabie 8.1 were all expecte
product spectrum. Except for 2-butyl-1-octene an and 2-butyl-3-methyl-1- heptene all the
other isomers (both cis and trans) were identified. The assignment of isomer peaks is

shown in Table 8.3. From the number of dimer peaks in the GC-MS spectrum which
have not been assigned, two would thus possibly represent 2-butyl-1-octene and 2-
buty-3-methyl-1-heptene. As can be seen in Table 8.3 there are still a number of peaks

which have not as yet been assigned.

Oligomerisation mechanism
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ssignment of the various isomer peaks shown in

233

Retention time | Assigned structure
(minutes)
12.18 ?
12.41 ?
13.17 ?
13.88 ?
14.09 ?
14.17 ?
14.22 ?
14.29 ?

- 14.41 ?
14.46 ?
14.52 7-methyl-5-undecene (£)
14.57 5-methyl-3-undecene (cis/trans)
14.68 5-methyi-4-undecene
14.72 5-methyl-4-undecene
1~‘;.84 7-methyl-4-undecene
14 92 7-methyl-4-undecene
15.05 5-methyl-5-undecene (E)
15.13 7-methyl-3-undecene (E)
15.28 5-methyi-5-undecene (Z)
15.32 7-methyl-5-undecene (E)
15.53 4,5 6-dodecene (cis/trans)
15.57 1-dodecene (cis/trans)
1564 n-dodecane

Oligomerisation mechanism



A diagram representing a comparison of the product obtained by th
catalysed by Cr/SiO, (i.e. Ariman-Cossee mechansim) with the product obtained from
the conventional BF,/AICI, catalysed PAO reaction is shown in Figure 8.9 (Wu, 1989

a).
- ional PAQO reaction (Wu, 1989 a
. CH CH2 CHa
CH2 CH2 CH2
. Promoted
CriSiO, . BF,/AICl,
cro T
/v,t Vs / /\*/\\/
L,nromlu m aikyis Carbonium io: r{
\' 7
N A A
’/ \// Ve \‘/ g
/D / ,'/\\/\\/
;'/ h //\ /\//\\/
H
From the identity of the structures that were present in the oligomeric product the

Arlman-Cossee mechanism seems to be the most likely mechanism to take place

during the oligomerisation reaction. The presence of such a large num

isomers is however not explained by this mechanism, uniess some form of
isomerisation did indeed occur. From the nature of the products formed (only 5- and

-methyl branching) it seems as if the m ' -ofefinic in character

Minimal isomerisation thus appears to have occurred prior to the oligomerisation
reaction. Some degree of double bond isomerisation thus probably took place after
oligomerisation, which would explain the various positions of the double bond in the

product isomers. The assumption that no isomerisation takes place after
oligomerisation has thus been proven to be invalid from the GC-MS data. It is believed

that hydrogenation of the above product would have given a product with a larger

number of isomers than that reported by Wu (1989 a). Interestingly Cr** rich catalysts

Oligomerisation mechanism
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have been reparted to catalyse 1-butene isomerisatian with a 107 higher activity than
the polymerisation of 1-butene (Wu, 1889 a). If the catalyst employed in this study
contained a quantity of Cr" due to some or other reason, this mighl result in the

isomerisation that is believed to have taken place after oligomersation of the 1-hexene

Manomers.

Ofigomerisation mechanism



236

8.4.2. NMR spectroscopy

In recent years the use of NMR spectroscopy to derive detailed information on the
tacticity of oligomers and polymers has been reported (Asakura et al., 1991; Coughlin
~ &Bercaw, 1992; van der Linden et al., 1995; Babu et al,, 1994). Inparticular,andof

pertinence to this study, the experimental as well as theoretical °C NMR spectra of a

range of polymers formed from a-olefins have been reported. The C NMR spectra

of a series of polymers derived from specifically 1-hexene under a range of

experimental conditions have been reported and analysed by Babu et a/., (1994) and

van der Linden et al., (1995) (Figure 8.10).

Figure 8.10: '°C NMR of isotactic polyhexene (van der Linden et al., 1995)

76.59\
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26.73
32‘:2?4
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- - T T T T : wqu—-%
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The spectra in the studies of Babu et al., (1994) and van der Linden et al., (1995)

ciearly reveal that there is a predominantly isotactic polymer formed but end group

analysis did reveal the presence of 1,2 disubstituted and 1,1,2 trisubstituted vinylene

and vinylidene end groups. A reaction scheme was shown which rationalized the

Oligomerisation mechanism
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presence of these end groups. Theoretical calculations based on CSPEC and

SPECINFO were used to predict the position of the resonances shown in the scheme

(DAl ~4 -1 AONA\
\babu L dl., 1994).

A theoretical analysis of the expected spectrum for 1-hexene polymers based on the

hetefogeneous catalysts TiCl-MgCl=SiOAlEt; and Ti{OBu);-MgCl-AlEt,Clhave-also———

been reported by Asakura et al., (1991) and the data are in good agreement with the
study of Babu et al., (1994). Van der Linden et al., (1995) have managed to synthesize
oligomers of 1-hexene, but no comment has been made on the *C NMR spectra of
these products.

13~

. N . o £ et c 112 13~
Interestinalv_and to our knowledge, no mention has been made or thé use of ‘1 or "L
~ 77T

spectra to assess features of the 1-hexene oligomers (prior to hydrogenation). Details

PP . __ _camaR enactrosconv in this analysis are given below.
of our study on the use of NMiR specirostopy J

The 'H and '*C NMR spectra of a sample oligomer which is a predominantly dimer

mixture (see Section 8.4), were recorded and are shown in Figures 8.11 and 8.12

respectively.

8.4.2.1. 'H spectrum (Figure 8.11)

The 'H spectrum reveals that the product consists of a number of different isomers,

P e
ne gross

consistent with the GC analysis. Notwithstanding this an analysis

(@]
-h
—

of the dimer is possible. The spectrum can be broken down into two regions -
absorptions between 4.5 and 6.0 ppm and absorptions between 0 and 2.5 ppm. The
assignment of these regions is straightforward and is given in Table 8.4 (Doskocilova

etal., 1994: Pretsch et al., 1989).

Oligomerisation mechanism



Table 8.4:

110
LJ0

Chemical shifts in the 'H regions of 4.5 - 6.0 ppm and 0 - 2.5 ppm and

assignments O

Group Chemical shift | Chemical shift |
(ppm) (Ppm)
Literature Experimental®
cis/trans -CH=CH- 5.50-5.40 5.45 (5.2) o
>C=CH- 5.20 5.15 (4.1)
>C=CH, 4.75 470 (0.2)
H,C=CH(CH,)- 5.70,4.97,5.03 5.70,4.95,5.05
CH,CH=CH, 1.71 170 93)
CH;CH;,CH=CH, 2.00 2.00 (23.0)
CH,CH,CH=CH, 1.00 0.9 (50.3)
CH,CH,CH,——--- 1.33 1.35 (86.3)

a|ntensities shown in brackets

Oligomerisation mechanism
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Figure 8.11: 'H NMR spectrum of fraction 2

=C(H)-CH3 I‘
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=C(H)-CH, '86.3 /
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An analysis of the spectrum between 4.5 and 6.0 ppm gives information on the olefinic
character of the dimer. This region is dominated by two (multiplet) peaks at 5.2 and 5.4
ppm.

R R ) . . .
intensity), and ¢ o (4.1 intensity) respectively. There is also an absorption

R’ H
W R
at4.7 ppm (0.2 intensity) correspondingto ¢ ¢ . butthis olefin concentration

H R
is low.

When comparing the above structures to the six possible structures formed according

to the Ziegler-Natta catalysed classical route, it can be seen that four of the suggested

. . R R R H
complexes in Table 8.1 are in agreement with c c ,

Oligomerisation mechanism



NS
£
D

R , R R ,
c e while none are agreement with the c c. type structure. This

oligomerisation reaction.

i).  Nature of the R groups

A consideration of the 1.0 to 2.5 ppm region reveals that the spectrum is dominated by
CH, and CH, groups and it is predicted that the R groups in the isomers suggested

above will hence be predominantly CH, and CH, groups (some CH is possible). It is

t no (or very little) aromatic or oxygenated hydrocarbon groups are present
LIV \Ul LA™ NS j Qi iiias

in the dimer fraction - no evidence eg. IR or NMR for the presence of such compounds

has been observed.

fi). Olefinic substituents

It is assumed that the dimer has the formula C,,H,, and that no alkane or di-olefin
spectrum is 169 units and this means that each proton corresponds to an intensity of
7.08 units.

If only unsubstituted olefins are present, there should be 2 protons per double bond.
The sum of all the resonances in the olefinic region (between 5.00 and 6.00 ppm) is
10.5. The intensity of the protons attached a, relative to the olefin, is thus ~ 10.5 units
which corresponds to ~ 1.5 protons per double bond when divided by 7.08 which is the
intensity per proton. Since the value obtained is much lower than a value of 2, this
would indicate substitution at the dou - © <YV ppm
corresponds to the CH, unit in C=C(H)CH, and suggests that there are almost 2 CH,

uni the region at ~ 1.7 ppm corresponds to a seri

Oligomerisation mechanism
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strong sharp absorptions (at least 3) of intensity 9.3 and thus could correspond to a
CH, group attached directly to the olefin (i.e. about 0.4 CH; groups per double bond).

Hence it can be deduced that nearly all the substitution at the double bond is via CH,

CH, CH; CH, o CHz ~H CH, B /CHzand
cc o cecl O G o CTC
H H H CH, H CH, H H
CH2 /H CH\Z /H 0}13 /H
€ C. » cc C=C
CH, CH;  CH, CH,  CHj CH,

iif) OCH anAd (O
: w U

H_ ratin
A ripaii 1 1 Guv

ri3
Terminal CH, groups (8 = 1 ppm) correspond to * 7 protons (.e. at least 2 methyl
groups per dimer). Interestingly at least 3 peaks are observed in the spectrum

suggesting that CH, groups are in different environments. The presence of CH, groups

in a chain is given by the absorption at ~ 1.4 ppm and is equivalent to + 12 protons (i.e.
6 CH, units) viz a CH,CH,CH,CH, structural type is predicted.
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From the data obtained this far the structure of the dimer isomers can be deduced with
some degree of certainty. The following range of structures can thus be proposed for

the dimer:
. _CH3 CH, (CH, ), CHa
~ // 3 3 - /’_,. &L &WN
\/ </ /
— ~o I N
CH,(CH, ),y
(N=4)
and the
(CHy)pnCHy  CHaCH2ly __CHy
_CH, CH _(CH \/
i T\ IN
(Minor)

various isomers based on the last mentioned structure.

8.4.2.2, 3C NMR spectrum (Figure 8.12)

The *C NMR spectrum shows a complex set of multiple absorptions, but again two
distinct regions can be detected. The peaks between 120 and 140 ppm correspond to

olefin nea ey ean AT hile thocse hetween 0 _anad 40 pbm corresnond o-alinhatic

carbon atoms.

Oligomerisation mechanism



243

Figqura 8.12: C NMR specirum of a predominant 1-hexane dimer fraction {i.e fraction
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Cenain data which relate to the analysls of the dimer are given below and logether with

the anafysis of oligomers reported in this work make asslgnment of Ihe dimer possibla,

Table 85: Assignment of a dimer siructure

i:‘.‘Hi -CHi 'CHi -CH;
141 |228 |32.% | 295 | Nextto alkane
135|224 322 |345 | Nextto alkene

The above would suggest some differences regarding the analysis of a hydrogenatad
aligomer given by Wu {1989 a) (Figure 8.13);

1. CR,Hoccurs at - 30.1 ppm, not at - 3.3 ppm {peak 3)
2. Pesk 6 1= CH, but is very high and difficult to assign

Diigomerisation mechanism
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A spectrurm of a hydrogenated dimer prepared by VWU (1889 a) is shown in Figure 8.13.
This spectrum was analysed by YWu (1989 a) and a possible structure for an oligomer,

shown in Figure B.14, was proposed.

. Figure 8.13: "C NMR of HVI-PAQ obtained from 1-hexene (Wu, 1939 a}

%}

] |
. ..f‘_\ﬂ”‘fk,ﬂ_ |

h

B0 ) 40 30 20 0 0O PPM

Figura 8.14: Possible struclure for a 1-hexene cligomer (Wu, 1989 a)
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A dimer would entail chain termination wa double bond formalion la provide a siruckurg

L
=
—
-

1

1
T
11
ik
3

changes to the spectrum will be visible at carbon atoms 4 through 8. Indeed a

I 12 isgivenin T
11 II.J i5 IV 1 b 1

L

companson of the spectra shown in Figures 8. able 8.6

hdicates that whereas most of the peaks are found in both spectra, differences in

Intensiliss at carbon atoms 4 and § are particulardy striking.

spectrum, care must be used when attermpting the same process for the “C spectrm,
If there are any carbon atoms which are not attachad 1o protons, then their intenaities

will be much less than for carbon atoms attached to protons.

Table 8.6: Chemical shifts in the "*C NMR of frachen 2 and assignments of the

various carbon atoms

Asstgnment Carbon Obaerved C:hemical ahifts
atom chemical shift | observad hy Wu
number m 1988 a m
terminal CH, 1 113 + 14
CH,GH,CH,- z £ 23 t 23
CH,CH,CH,CHA{CH,)- 3 t 28 + 2B
CH,CH.CH,CH{CHyyand | 4 £ 39 345
CH,CH,CH,CH,-C=C 5 x 35 + 335
-CH,- 5 + 41 t 41

ion mechanism



1] Methy! and meihyiens CH, PC spectrum

&
o
o |
=)
wm
L]
a
f
e
=5
—
-
L]
T
;]
=
o
x
m
o
=3
o
1
oo
| —

This portion of the spectrum has Ihree clusters of resonances with intensity ratio of -
1:2:1{126, 130, 136 ppm). Tha resonznce at 138 ppm is suggestive of an olefin
carbon atormn (A in Figure 8.15) bonded to a CH, group and a cisfrans longer alkyl
chain (Couperus &t af, 1878}, This would consfitute 25% of the olefin carbon atoms.

a higure predicled from the 'H spectum. The resenance at - 126 ppm could cormelate
wilh the second clefinic carbon atom (B in Figure 8.15}. The central resonance at 13

ppm conelatas with a more symmetrical longer chain isemer (Figure B.15).

Figure B.15: Indication of the pasition of the olefinic carbon atoms A and A

CH
HorR 8 A 3
C C
HorR R

Cligomarisation mechanism
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with R an alkyl group longer than one carbon atom

Figure 8.16: Ilustration of a symmaetrical longer chain isomer

H.  H
C C.
R R’
3.4.2.3. DEPT specira
DEPT spectra were recarded on a rangs of samples. Anhexample ofa DEPT spactrum

i3 =hown in Figure §.17.

Figure 8.17: DEPT speatrum of a clear product obtained at BA=CH

CHg
b
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The DEPT spectrum permits assignment of the isomers in the 10 - 40 ppm region to
CH, CH, or CH, groups. In general the data confimn all sarier anaiyses. Further

information obtained Includesz:

—
o

arrn Faemen b (0H Srml
1 :=|\.r

o types of CH, ups, A terminal CH, at - 14 pom and

- i I
=) San

anolher peak at - 24 ppm. This second TH; group, of much lower intensity, may
be due to a CH, attached to a CH,=CH{CH,] type moiely

)  The peak at ~ 40 ppm is due to a CH, group
G} Of mast significance is the observation of a substaniial concentration of aliphatic

CH groups in the complex. |n particular a major peak is observed at - 32 ppm

i) It was also found that a vanation in Lhe reaction conditions {eg. increase or

_ LSV or wre).resulted [0 the farmat

praducts wilh very similar DEFPT apectra

The complexity of the spectrum is eonsistent with multiple isomer productlan in the

L ase of a rmc-elhylenebis{1-n*-indenyldichlerozirconium-

. M
[} L= T

ki 1
A== I AL ] N 1]

rmethylaluminoxane catalysed polymerisation reaction of 1-hexene, Babu of al, {1984}

w—

found that varipus paly-hexene iSOMEers can be formed due to migration of the

Zirconium mojety:
i along the carbon backbone and

iy along the 1-hexene chain.
The '*C spectra of these various isomsrs have been reported and provide a reference

——source for the- interpretation of the data obtained in this study. The products of the two

possible reactions listed above, made applicabla to the CrfSi0, catalysed dimenization
of t-hexene, can be seen in Figures 8.18 and 8.12 respeclively.

Oligomarisation mechanism
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Figure 8.18: Migration of Cr slang the backbone to form various vinylene isomers
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Figura 8.19: Migration of Cr along the 1-hexens c¢hain to form various isomers
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Babu et al., (1994) and van der Linden et al., (1995) once again implying isomerisation

occuring under the reaction conditions of this investigation or possible isomerisation

after the oligomerisation reaction has taken place.

8.4.3. Effect of reaction temperature on the NMR spectra of the products

It was indicated in Chapter 6 that the oligomerisation temperature has an effect on the

colour of the product, with a low temperature (88°C) producing a clear product and a

RSN 1Y RC

high temperature (124°C) producing a yeliow product. GC-MS and NMR spectral
analyses of the clear and yellow oligomers were undertaken to assess whether the

—reason-for-theyellow-colouration could be associated with the composition of the

oligomer. To this end, 'H, 1*C and DEPT spectra were recorded. The spectra were

very similar to the spectra described in the p

In Figure 8.20 the GC-MS spectrum of a yellow sample can be seen. A comparison of

the GC-MS spectrum of the yellow sample (Figure 8.20) with that of a clear sample

(Figure 8.4) reveals variations in the intensity ratios of the various peaks. Especially

erofisomers between 16 and 18 minutesin

sity in the clear product. The

Of interest is the presence of a largé numb
the yellow fraction which were of much lower inten

distribution_of the dimer isomeric peaks also differs from that in Figure 8.4 impiying a

variation of the degree of isomerisatibn taking place (probably due to the higher

reaction temperature).

Oligomerisation mechanism
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Figure B.20: GC-MS spectrum of a distillad yellow sample {reaction temp: 124°C)*
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In Figure B.21 the dimer fraction of the GG-MS spectrurn of the yellow high temperature

Product can be seean.
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Flgurae 8.21: Magnified fraction of the dimer bundle of the yellow produet
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A companson of the above spectrum witk a similar GC-MS fraction (Figure 8.51 of a
clear product reveals ihe following differences between the yellow and the clear

products:

i}, An additional peak at 11.84 minutes in the yeliow product. Identification of this

peak proved to be difficult :

i).  Almost complele absence of a peak at 13.17 minules, while this peak was quite
prominent in the clear product

ik} Much higher Intensity ratio of the peaks occuring at 13.88, 14.17, 1441, 14.45

iudee ralalive bo the other dimer isomeric peaks. Thizs would

]
(AR LINL ) Lt

o
o
-

indicate a higher olefinic content since jhesa peaks occur in the clefinic region.
Unfortunately only the peak at 14.52 could be identified. 7-methyl-5-undecene

()

vl Betwesan 1!

A SLEE

and 1800 minutes a number of unidentified peaks are present in

<J1

the yellow praduct while these are less prominent ity the clear product.
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The differences batween the GC-MS spectra of the clear and yellow product mostiy
oceur in the olefinic region, which suggests that the oligomeric products differ in terms
of \he guantity of doubla bonds, with Lhe yellow product representing a higher

misimla horeds  Thie abaarcatinn 2 suonorted by 1ha fBact that 3 much
LIRS LAd Iy, B8 [l SFAFFoirs Ninaiwil b1 ¥ Lt

L A

higher bromine number was obtained for tha yellaw product {Chapter 6},

84.3.2 'H spactma

i, Clear product (88°C)

similarties halween this product and the dimerftrimer mixlure® shown in Figure 8.11.

Diflerences includea:

1. A higher CH=CH to >C=CH ratio (at - 3.3 ppm and - 5.1 ppm respectivaly)
anlving mare linear chains, Further the intensity of the c-olefin CH; resonance

at - 4.7 ppm is also higher
2. The CH, and CH, linear peaks are substanlially increased in intensity

mar nraguct obtained by gligamersaton al 99°C fallawed by distillation into

Cligomerisation mechanism
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Figure 8.22: 'H NMR spactrum of the low temperature product {B8°C)
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The yeltow praoduct was distilled and he 'H NMR spectrum recorded {Figure 8.23). The

W that the product cansisted predomina ntly of dimer material

(Figure B.20) and some 1-hexene.

Cligomenisation machaniam
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Figura 8.23: 'H NMR spectrum of the yeliow distilled sample
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A comparison of the H specirum of the low temperature product (Figure 8.22) with that

MY -
L) T

=

of the high temperature product {Figure
yallow high temperature product:
i} A drop in intensity ratio of especially the aliphatic CH, peak

i},  Anincrease in the linear chain alkene CH;to CH, ratio

=]
Lrilhr RAT 47 +%F

ii). A decrease in the RC{H)=C(H)R to RG{H}=C{R)R ratio, suggesling a graater

denres of branching at the olefinic carbon atoms

b= o

The colouration of the product Wwith an increase in the reaction temperature thus seams

to be related lo chandes accuring in the double bond characteristics of the oligomeric

procuct.

ONagomerisat

- N T

it machanizm
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8.4.3.3.  C NMR spectra

In Figure 8.24 the "*C NMR spectrum of the clear product abtained at 88°C is compared

AT

o the u'c NMR ﬁpactn_lm of the yeliow producl oDiainedd

120 and 140 ppm.

Figure 8.24: “C NMR spactrum of the clear low temperature (B8°C) product compared

—andes
L

—_
uie q

43 A=
sy L

to that of the yeliow high tempar

1:40' 130 120 PPM

“1.haxane contamnanl

A comparison of the e NMR spectra of the two products revealed a vanation in the

intensity ratios of the three major cluslers of resonances {126, 130 and 136 ppm). The

following differences were obse rved:

Wm@g@g@ﬁ@k&dmensiw ratio of peaks at - 136 ppm.  As
i The clea

mentionad in Section 8.4.2.2, this peak corresponds to an olefinic carbon atom

honded ko a CH, group and 8 cisdrans o

Ofigomensation mechanism
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il.  The inensity rafic of the peak bundie at 130 ppm rektive to ihe paak bundle at
124 ppm is highar in the yallow product. The peak at 130 ppm corrasponds to
a mara or less symmetrical lenger chain isomer (see Section 8.4.2.2)

iil.  The intensity ratio of ihe peak at 126 ppm seams 1o pe lower in the high

lemperatue product.  In Saction 8.4.22 this peak was identified as

corresponding to an olefinic carbon atom ponded to alky| chaing or hydrogen
atoms
ivl.  The intengity ratic of the resanances &t 126, 130 and 136 ppm was found to be

- 1:2:1 in the clear product while s ratio was - 1:4:0.5 in the yallow product

=
]
)
c
5
8
E

From the delgiled GC-MS and NMR analyses that wers perfarmad on oligomer fractions

obtained by shoripath distillation of & clear product it was found that isomarisation of
the double bond was responsible for the presence of large quantities of isomers in the
ollgomerisation product. The Ziegler-Natia head-to-tail mechanism was identified as
the mechanism predominating during the Cr/Si0; catalysed cligomerisation of 1-
hexene.

From the natura of £he branching in the products that were identified, isomerisation of
the dowlsle hond befora the ulignmeriaa‘tlnn reaction seems unlikely. In agreemant with

backbone, two achemes (Figures 8.18 and &. 19} wars prnpnsnd for the CHSIO,
catalysed oligomarization of 1-hexene. These schemas agree with he naiure of ihe
products jdentified by GG-MS techniques.

An in-gepth investigation was alse done on he effect of temperature on the NMR and
GC-MS spectra of oligomer products. The GC-MS; 'H-NMR and PC-NMR daign

supported Ihe results obtained with IR, Bromine number and TCNE daterminations
(Chapier &) which indicated that the yellow product containg & larger quantity of cartain

Ofigomerisation mechaniam
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olefinic compounds. Unfortunately no ldentiflication of the specific isomers responsible

for the colouration was possibie,

Olicomerisalion mechaniz



