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SUMMARY .

PART I, Cross-linking reactions of two co-telomer
élcohol mixtures have been investigated. The co-telomer
alcohols contained (1) hexafluoropropylene, vinylidene
fluoride, and methanol; (2) oetafluorocyclohexa-l,4-
diene, vinylidene fluoride, and methanol. Both mixtures
eliminated hydrogen fluoride on standing.

Co-telomer (1) has been successfully cross-linked
and stabilised by a primary amine, several primary diamines,
and a tertiary amine with a dithiol, as indicated by the
infra-red spectra, molecular weights, and fluorine content,

of the products.

Products from reactions of co-telomer (2) with di-
amines had increased viscosity but still eliminated hydrogen

fluoride,

Mechanisms have been put forward for the cross-linking

reactions.

PART II, The electric dipole moments of some members of
the series C6F5X and 2,3,5,6-H.C6F4X (where X is any sub-
stituent) have been measured in order to investigate the

ground state electron distribution of these compounds.



The dipole moments of the corresponding members of the
series ¢-F.06H4.X have been measured and calculated, in
order to provide comparative values for the series CGFSX’
and values for the series CGHSX have been obtained from
the literature in order to provide comparative values for

the series 2,3,5,6-H.06F4.x.'

The results show that the high electronegativity of
fluorine causes the pentafluorophenyl nucleus to act as an
electron sink, facilitating movement of electrons from
electron donating groups into the ring and reducing electron
withdrawal by electron attracting groups. The resonance
of nitro and N-dimethyl groups is shown to be reduced by
steric hindrance, due to the presence of the two fluorine

atoms ortho to the groups.

In an attempt to prepare a partially fluorinated
indole derivative, the reactions between the sodium salts
of polyfluoroanilines and chloracetic ester have been in-
vestigated. N-(pentafluorophenyl)-glycine, N-(2,3,5,6-
tetrafluorophenyl)-glyeine, and N-(2,3,4,5-tetrafluorophenyl)
glycine have been prepared. An attempted cyclisation of
N-(2,3,4,5-tetrafluorophenyl)-glycine with polyphosphoric
acid did not give the desired 4,5,6,7~tetrafluoroindoxyl.



PART 1.

CHAPTER I: INTRODUCTION




1.

I.l. JFluoro-olefin reactions, telomerisation.

Nucleophilic addition is characteristie of the
reactions of fluoro-olefins, in contrast t o hydrocarbon
olefins, because of the electron wifhdramal by the strdngly
electronegative fluorine a'boms.1 Free radical attack on
the double bond of a fluoro-olefin proceeds smoothly, and
the direction of addition (for an unsymmetrical olefin)
and the reactivity can be correlated with the steric and

polar factors involved.2

In 1947; Miller and his co-workers 3 were using a
free radical polymerisation process in order to make fluoro=
carbon oils with the reactive monomer olefin,GF2 = CECl.

An o0il with a puzzlingly high chlorine content was obtained.
The solvent in the reacfion was chloroform and they deduced
that the extra chlorine was coming from the solvent, i.e.
the solvent was acting as a terminator in a chain transfer
process and telomerisation was occurring. They postulated

the following mechanism:
peroxide
(1) CHGlB _R'—__> 0315 + HR
(ii) CClé + CF2:CF01 —_— CClB.CFa.CFCI‘ initiatior
(iii) CClB.CF2.0F01'+ CE2:CF01 —_—

cc1,.CF,.CFC1.CF
3 5o o ORATER;
,/\'\“‘l‘ SOIENOE
20 0CTl966 }

4 (1.3
uéﬂkn*

2.CF01° propagation



2.

(iv) 0013(0F20F01)£ + ch13 ———e»0013(CF2.CF01)nH + C01§

ete.
chain transfer

The growing polymer chain reacts with a solvent molecule by

transfer, with the formation of a free radical from the sol-

vent. The chain transfer step (iv) competes with the pro-

pagation step (iii), and, by careful selection of the pro-

portions of reagents, can become the dominant step. Telo-

merisation occurs only in a polymerising system, and a non-

homopolymerisable olefin will not undergo telomerisation.

Ielomerisation reactions are usually assumed to
proceed by a radical-chain mechanism as represented above,
although, a mechanism which involves a stepwise series of
additions of iodide to olefin, has been suggested by
Hauptschein 4 for the telomerisation (thermal) of CF30F=CF2
with n-03F7I. There are several methods of initiation for
telomerisation reactions. Organic free radiceal initiators

5

and di-t-butyl

o |

27 8,9

peroxide, irradiation in the form of ultra-violet rays,

10,11 4,12

X-rays and ¥ -rays, have

all been used.

and thermal initiation,

I.2. Fluoro~-olefing/methanol cotelomerisations of Musgrave
and Plimmer.

The first part of this thesis is an extension of
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the work of Misgrave and Plimmer,’” who extended the idea

of telomerisation into systems, not simply of an olefin

and chain-transfer agent (C.T.A.), but of a pair bf fluoro-

olefins and a C.T.A, Thg_reactiops were initiated with
¥ radiation from a cobaltso source, C.T.A.'s such as

CHy CHO, (CH,y),CO0, CoF I, CF;CO0H, CH;0H, and CH5SH were

3 5
used, and various pairs of fluoro-olefins, having first
ascertained that copolymers were formed by the olefins

under the conditions used.

With CHéOH as the C.T.A. for the Viton (CH2:CF2/
CFBCF:CFQ) copolymer system, chain shortening occurred
with total conversion. of olefins to form a mixture of
viscous liquid products. It was deduced from the infra-
red spectrum of this mixture, by a wide band at 3436 cm'l,
that hydroxyl groups were present. Thesé cotelomer alco-
hols could be distilled into crude fractioms, up to 160° C,
at reduced pressure. The viscous residue formed at 160°C
was assumed to be the result of HF elimination, followed by
a certain amount of polymer formation. All the crude
fractions distilled at reduced pressure had peaks in the
region 5 - 6-5/4 in thei: infra-red spectra, indicating

munsaturated centres, plus the band at 3436 em™t

showing
~the presence of an -0OH group. Molecular weight deter-

minations varied from 300 to 800 corresponding to a chain
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length of up to 4 units (1 unit = - CF,.CF (CF4)CHLCF, -).
The byproduct wasalways the 1:1 adduct CH2(OH)CF20EH(CF3).
The mechanism of this telomerisation, based on experimenfal

evidence, was postulated as:

- a) CH;0H —>  °CH,0H + H".
b) °CH,0H + CH,:CE, — CH,(OH)CH,CF; B %nitia-
A . ion
e) CH,0H + CiFfg = — CH2(OH)(C3F6) A
CH30H
a) CH2(OH)(03F6)' —Z CH2(OH)(03F6)H Transfer 4

Initiation A is not likely to lead to cotelomer formation

14 The intermediate

since step (d) is very efficient.
free radical from initiation B can attack either olefin

present to give:

CH20F2 either olefin
CHZ(OH)CHQCFé —_— GH2(0H)GHQCF20H2CFé(1) >
.Eéfﬁa CH2(0H)CHQCFZCF26F(CF3)(2)orq§gggg9
CH4 0H

The former (1) can attack either olefin present to continue
the copolymer chain. The latter (2) can only attack
CH2:CF2, or undergo chain transfer by é@tracting a hydrogen
atom as in(d) forming the n = 1 cotelomer. The final
longest chain copolymer which will form will be (D) where

l,m, and p, are either one or two:

CHéOH(CHQCFa)l(CBFs)(CHQCFz)m(CBFG)(GH20F2)pCF2éF(CF3) (D)



..

Radical attack on CH,:CF, is exclusively on the :CH 15 ana

2’
16 ppig copolymer (D)

on CBFG’ exclusively on the = CF2.
now undergoes chain transfer to form a cotelomer by hydrogen
abstraction as in (d). No homopolymer of vinylidene fluo-

ride was detected in the product. The slight unsaturation
in the crude fractions was taken as corresponding to HF eli-

mination from structures such as (E) giving (F) as an extreme

example. _ _
CH2(OH).CH2CF2;CFQ.?F.Cﬂchz.CFafEH (E)
l C]i‘3 CF3
1640cm™!  1640em™t . 1754cm™t
CH2(OH)CH = CE.CF2 ? = CH.CFz.CF = ?F
CF3 CF3
The peaks which arise in the unsaturation region were ex-
plained as follows:13
em™t unsaturation
1640 - CF = CH, linear
- CH = CFH "
1754 - CF = CF - "
- CF = CF2

The presence of fluorine in a polymer molecule

gives it marked chemical and thermal stability. This is
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due to the high C - F bond dissociation energy, the shield-
ing effeet of the fluorine atoms, and the high electronega-
tivity of fluorine. Fluorine is a slightly larger atom
than hydrogen (van der Waals radius, 1°354; cf. hydrogen,
1-2A), and, in a large fluorocarbon molecule, these atoms
form & compact shield around the carbon chain, protecting

it from chemical attack. Fluoropolymers have been the sub-

ject of several reviews.17’18'19

The best known organic fluoropolymer is polytetra-
fluqroethylene (P.T.F.E.) a homopolymer of tetrafluoroethyl-
ene. It shows remarkable resistance to chemical attaclk,
and because of its high softening point (327° C) and high
thermal stebility may be used over a wider range of tempera-
ture than any other simple addition polymer. X-ray dif-

fraection measurements 20

show that the zig-zag chains in
P.I.F.E. are not planar as in normal paraffins, but are
twisted to relieve repulsions between fluorine atoms on
alternate carbon atoms. P.T.F.E. iz classed as a thermo-
plastie, but, mainly beceuse of the high viscosity of its

melts, cannot be moulded.

The resinous nature of P.T.F.E. can be reduced in
two ways. Heterogeneity can be introduced by replacing
some of the fluorine atoms by bulky atoms or groups as in

polychl:orotrifluoroethylene, the structurehof which has been
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ghown to be °* ¢ CE, - 9F - CF, - ?F }n. This polymer
C1 01 has its crystal-
linity broken by the pendant chlorine atom. Its softening

point (216° C) is lower tham P.T.F.E. and it can be moulded,

i.e. it is a true thermoplastic.

The tightly coiled polymer backbone of P.T.F.E. can
be converted to a more mobile structure by the inciusion of
methylene (CH,) units in the chain as in polyvinylidene
fluorid_e which consists of alternate - CH, - and - CF, -
units i.e. ¢ CH, - CF, 3 7°.  The rigidity of the backbone
is brokem by the alternating - CH2 - units, and it has a
lower softening point (about 171° C) which limits its ther-
mal stability. The presence of the - CH2 units also pro-
vides sites for crosglinking i.e. the use of amines in the
- curing of fluoro rubbers conmtaining 0112:(.':1'!‘2.22’23"24"25
The order of thermal stability for hydrogen-containing

fluoropolymers 19326

(CoF,)y, > (CF,5:CH,), ) (CFo:CHF), ) (CoH,) > (CH,:CHR),

Copolymerisation of one of these 'reactive' (homo-
polymerisable) monomers with an 'unreactive' (non-homo-
polymerisable) monomer leads to the formation of copolymers
with 'tailormade' properties i.e. the properties can be
varied by alterihg the ratio of the two monomers. The

copolymer of reactive CF2 = CF2 and non~-reactive CFBCF = CF2
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is a true thermoplastic with a working range up to 200° ¢
and a softening point of 285° C. The ﬁackbone remains
rigid, but the thermally stabdble, bulky, pendant -GFB group
breaks up the crystallinity (50%, cf. P.I.F.E.,95%) of the

chain,

The most thermally stable elastomer sb far pro-
duced is a copolymer of CH, = CF, and CF4CF = CF,, Viton
A 28 (Trade name: E.I. Du Pont de Nemours & Co., U.S.h.).
The - CH2 - units break down the rigidity of the backbone
and act as a site for cross-linking. The - CI‘3 group '
reduces the crystallinity. It keeps its elastic properties
down t o about - 25° C and can be used indefinitely at 204°C
and up to 315° C for 48 hours.

I.4. The crogs-linking of Viton A,

a) Industrial Cures,
Viton A is a copolymer of vinylidene fluoride and
hexafluoropropylene. Its structure (I) consists of alter-
nating - CH2 - and - CF2 - groups interspersed with very

short branched fluorocarbon ?FB

29 he copolymer '[(CHQCF2)ngF20F]' x (1)

is of little use until it has been converted to a cross--

chains.

linked vulcanisate. The chemical stability conferred by

its structure (I) makes the formation of cross-links
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difficult. Several methods have been used to cross-link
Viton A although only one, using derivatives of aliphatiec

amines, has been found to be commercially feasible.

The actual procedure used 23 is to compound Viton
A on normal rubber processing equipment, with filler metal
oxide acceptor, and curing agent. The stock is then
moulded in a press for 5-60 mins. at 100-150° C.  The
partially vulcanised stock is then oven-cured in an air
circulating oven at 200° G for up to 24 hours. It is
important that sufficient cross-links are formed during
the press cure to prevent sponging by release of decompo-
sition products during the oven cure, without causing

scorching during the compounding.

Cross-links may be introduced by 3 general methods:
by the action of aliphatic amines, high energy radiation,
or peroxides. Primary, secondary, and tertiary mono-
amines can be used, but press cures of up to 200° C are
necessary.23 This is sometimes called a thermal cure.

Tertiary mono-amines are effective co-curing agents with
diamines 23 gng dithiols.50s31 Presumably the tertiary
amine eliminates HF and the dithiol forms cross-links across
the double bonds so formed. Diamines such as NH,(CH,)NH,
and NH2(CH2)2N32 are very scorchy but do form effective
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vulcanisa,tes.z3 When their amine functions are blocked
in order to reduce this tendency to scorch they are by far
the most widely used curing agents. Inner carbamates and
bis~cinmamylidene derivatives are those most commonly

used, 23124+25,30,32

The use of high energy radiation has all the ob-
vious disadvantages inherent theréin without producing an
improved vulcanisate. The radiation causes unsaturation
similar to ﬁhat.caused by the action of amines and the un-
saturated polymer is considered to crosslink at high tempe-
rature by mtual interaction of the unsaturated centres.23

Benzoyl peroxide 24,32

is a very scorchy curing
agent, yet leads to only a moderate state of cure. It is

also somewhat impractical due to poor processing safety.

Acid acceptors such as magnesium oxide, zinc oxide,
or basic lead phosphite, are essential ingredients in the
curing process of Viton A.23’33 | It has been shown by
Smith 33 that the oven cure of Viton A is dependent upon
the elimination of water from the polymer and he concludes
that the water is derived from the neutralisation of HF,
which is eliminated during the cure, by the magnesium

oxide:

g0 + 2HF — ﬁgl‘z + Hy0 (4)
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By assuming the stoichiometry of equation (A) and measuring
the quantity of water evolved, he was able to show that 4
moles of HF were eliminated per mole of curing agent. On
the basis of this information he proposed the following

mechanism:

i I | I | |

CH, CH, CH CH CH, CH,

[ | - 2EF | I NH,(CH,) ;NH,, | | -2HF
CF, CPF, —> CF CF L= 2% CI‘-NH(CHz) 21\15-03‘ —
|+ b+ | - |

?Hz fﬂa Tﬂz ‘|3H2 ‘l’Hz THe

| ' |

CH, CH, . CH,

| | B0 |

CH CH CH

;2 (B) | 2 =2

In a 3-stage process, 2 moles of HF are eliminated to form
double bonds, then the dliamine forms crosslinks across the
double bonds, and finally 2 moles of HF are eliminated to
give a di-imine structure (B). It should be possible to
hydrolyse (B) if it is present, ard, in fact, 20% of the

original amine was obtained on hydrolysis.
b) Solution Studies.

Several solution studies of the reactions of fluoro-

- elastomers with amines have been undertaken. An early stud

by Bro 22 of the embrittlement and colour changes caused by
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adding strips of polymer to refluxing amines, led him to

postulate the following reaction reaction squence:

HF EF
;:wcmg-é-f':-cagm + RNH, —> '-\'-‘NMCFg-(‘J:-(ll-CHa':\/W + RMEHEF (1)
H ¥
HF E F
w_wCZE‘z-é-'C-CHQW + RNH, —> WCFE;C:-%}-Cﬂzw (2)
HE NH-R

He suggested that the product from (2) may react with excess
amine to give conjugated imine structures of the type:

I ¢
€C-C=0C3) oreC-C=Cy
N N NH
R R R
or the product from (2) may add to a double bond on another
chain and crosslink giving considerable stiffening of the

films,

Pakiorek 34 examined the reactions of Viton A anmd
Kel F elastomer (trade name: Minnesota Mining and Mamfactu-
ring Co., U.S.A. for CF2:CF01/CF2:CH2) by dissolving them
in diglyne and adding amines under varying conditions,

Addition of amines to Kel F caused discolouration and pre-
cipitation of amine hydrochloride. Mluoride ion was only
obtained when excess amine was present, which indicates the

relative ease of dehydrohalogenation of HCl and HF. ZPrimary
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amines were the most reactive and tertiary amines the

least reactive, as cross~linking took place at room tempera-
ture with primary amines and at 180-90° with tertiary amines.
This conclusion is confirmed 23 by the results of a study

of the rate of elimination of HF, in the treatment of Viton
A in tetrahydrofuran, with amines, for periods of several

weeks, at room temperature.

When Viton A was treated with tertiary amines 23

it was possible to demonstrate that chain scission occurred
during the reaction by plotting the time of reaction against
the viscosity of the solution and noting the gradual fall
in viscosity. It was suggested that similar degradation
occurred in reactions with primary and secondary amines,

but this could not be demomnstrated because of the formation
of gels during isolation of the polymer samples.

An attempt to establish the presence of unsatura-
23

tion in amine-treated Viton A by ozonolysis caused no
reduction in molecular weight. KMm04 and Br2 could not be
used as double bond reagents because Viton A was attacked
by them in solution. However, infra-red spectra of
pressed films of Viton A after treatment with trimethyl-
amine showed 2 new absorbtion peaks at 5-8 and 5°95 microns

which were assigned to double bonds.23 The infra-red



14.

spectra of Viton A after treatment with primary and second-

ary amines showed similar but more pronounced changes.

¢) Model Compound Studies.

The reactions of model compounds containing struct-
ures resembling those offluoroelastomers, with various
amines, have been studied in order to elucidate the mecha-
nism of curing in the fluoroelastomers. Two model com-
pounds, ¢ * 1,5,5-trihydro-4-iodoperfluorooctane [1] end 4,4-
dihydro-3-iodoperfluoroheptane [2], were sy_nthesiséd by
Pakiorek,35 and their reactions w;.th amines investigated.
Their structures are s;imilar to that of Kel F polymer
except that chlorine is replaced by iodine. At room
temperature high yields of amine hydr:iodide were obtained
with butylamine, dibutylamine, and trethylamine, and rates
of reaction were the same as for Kel F and amines, i.e.
primary > secondary?> tertiary amines. The olefin
formed by reaction of [2] with C,BgNH, was [3], the pre-
sence of - CF = CH =~ beiﬁg indicated by infra;red absorption
bands at 5-80//\ and 3-22}\/1 similar to those exhibited by
emine treated polymers. When [3] was treated with an
equimolar quantity of C 4H9NH2, the amine 'added across the
dduble bond. A further equimolar quantity of amine
caused the precipitation of C4H91\IE[2.HF and a mixture of
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tautomers [4] and [5] was obtained. Infra-red absorptions
at 5o93}A ’ ;scribed"to CeC, and at 5-8§/A , ascribed

to the imino group, indicated the presence of the tautomers.
Treatment of a mixture of [4] amd [5] with more C,HgNH,
gave [6]. The reaction meéhanism is shown in fig.I.l.

C,HNH, | C,HglH,
CoFcoCPI.CH,C.F, ——>  C,Fg.CP=CH.C5F,
[2] [3]
T C,HqNH,
/
I
- HNC H
HNC,Hg NC,H 479
(7] [4] [5]
C,HgH,, B A
C,P-.C=CH.C,F — 5 C,F..C=CH.CF.C 8
2¥5+0=CH.C3Fy 2¥5°S o5 (8]
HNC, Hq BNC,Hy
[5] |C4HoNH,
Fig.I.1. . NC,H
c =C.CH.C.C F.. [6] -
25 oFg. 6]
ENC,H,

The non isolation of the intermediaties [7] and [8] is not

36

unexpected as it has been shown in a study of the re-

action of C4H91\IH2 with CFCl = CF2 that a structure con-
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taining the element - NH - éF - readily eliminates HF.

A similar reaction sequence was obtained using dibutyl-
amine 35 but with a slower rate of addition of the amine
to the olefin formed by dehydroiodination.

Further work by Pakiorek 35 has shown that KOH
and amines will eliminate a tertiary fluorine atom as HF

from the unsaturated model compound CF2.CH2.CF(02F5)GH=

CF.C2F5:

] C- B

|2F5 -HF 125
CF,.CH,.CF.CH=CR.C,Fy — OF,.CH=C.CH=CF.C ¥

Work in these laboratories 37 on the reactivity of the
saturated model compounds [1], [2], and [3], of which [1]
contains tertiary fluorine has | | “
[(CE3)2CF.CH2.CFQ)2, [n.GBF7.CHZCF212, [02E5.032.032)2

[1] [2] [3]
shown that.whereas pPrimary and secondary &mines_dliminate
HF from [1] and [3] at room temperature, extemsive decompo-
sition oceérs, in feactions with KOH. Reaction of [1]
with 1 mole of (C¢Eg)3n at 1300 3© canses dehydrofluorina-
tion to give a diene,

(CF3)2GF-CH = CF.CFz.CH = C(CF3)2’

in which one double bond only is formed by the release of
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tertiary fluorine. Some unidentified polymeric material

was also formed which was highly fluorinated and contained
nitrogen, and it was suggested that the formation of this

compound corresponds to the formation of cross-links in

Viton A,

The treatment of a simpler model compound
(CFy) CFCH,CF; with 2 moles of tri.n-butylamine at 130°
for 24 hours gave as the main product (CF3)2CHCH20F3 (38)
i.e. instead of the usual elimination of HF, fluorine has
been replaced by hydrogen. This type of replacement had
not previously been demonstrated and may be a factor in

the croés-linking of fluoroelastomers.
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PART I

CHAPTER II: DISCUSSION AND EXPERIMENTAL
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Discussion.

II.l. Introduction.

Previous work in these laboratorie513 led to the
preparation of various co-telomer alcohol mixtures from
pairs of olefins and methanol as a chain transfer agent
(C.T.4A.) or telogen. The reactions led to the forma-
tion of a complex mixture of co-telomer products of
various chain lengths, and it was found to be impossible
to separate such a mixture into its components for character-
isation, Two co<telomer alcohol mixtures have been used
in this thesis, those containing CFBCF:CFQ, CH,:CF,, and

2
MeOH (Viton-MeOH), and 1,4-CgF8, CH,CF,, and MeOH. Both
mixtures eliminate HF on standing. Part I of this thesis
concerns the attempt to stabilise fhese co-telomer alcohols,
and increase their molecular weight by crosslinking, for

possible use as plasticisers, lubricants, or heat exchangers.

Various methods have been used in industry to
crosslink. Viton A copolymers (see p. 8. ). The most
successful of these methods have been those involving the
use of primary diamines, diamine derivatives, and tertiary
amines with dithiols, These reagents have now been used
to crosslink the co-telomer alecohol mixbtures. Most of

the work concerns the Viton-MeOH co-telomers.
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The products from these reactions have been in-
vestigated by average molecular weight determination
(ebullioscopically), measurement of infra-red spectra,

and analysis of fluorine content.
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ITI.2. Reggents and Solvents,

The preliminary reactions were carried ouf with _
excess nebutylamine anmd triethylamine using the -Vi-'ton-_- |
MeOH co-telomer alcohols in ether solutions., Ethyléne '
diamine and hexamethylene diamine, whose S¢wffis-bases: (.é.g.
R_.CH=N(CH2)_6N=CH.R) have both had commercial acceptance
as curing (crosslinking) agents, 23 are only sligh'blj
soluble in ether, and an attempted crosslinking by the
a'._ddition of a suspension of ethylene diamine in ether
to the co-telomers, gave a very low yield because of the
difficulty in extracting the product from the agueous layer,
after the ethereal solution was acidified with dilute HCL
and thenneutralised. ﬁogfggt:::;s layer from a similar
crosslinking reaction with hexamethylene diamine could
not be e;traeted with ether, benzene, or carbon tetra-
chloride. The diamines were found to be soluble in
monoglyme (1,2-dimethoxy ethane), and later reactions
were carried out in this solvent. Monoglyme is miscible
with dilute HCl which prevented the removal of excess amine
by washing with agueous acid. However, smaller molar
ratios of co-~telomers:diamine were now used (mainly 2:1),
anhydrous potassium carbonate was added as an acid-acceptor
to take up the HF eliminated (cf. Mg0 ete. as industrial

acid-aceeptor523 ’33), and acid-washing of the reaction
mixture was felt to be unimportant.



22.

Reac- Co- Cross-link- Time/temp. m.wt. A % F
tion telo- ling Agent of Re- Reac-Pro- Reac-Pro- (Reac
mex:’ action tant duct tant duect -tan)
Alco- -% B
hols (Pro-
duct)

(a) 1 Bt 4N 50°C/2 hr 409 488 62+8 606 22
(b) n.CHoWH,  20°C/18 hr 583 1100 64:0 568 7-2
()1 1  NH,(CH,),NH, 20°C/18 hr 355 397 644 54:5 9.9
(é)2 1 " 20°C/18 hr 355 480 64+4 549 95
(e)3 1 " 150°C/3 hr 355 764 64-4 575 6.9
(e)a 1 " 100°C/3 hr 355 520 64:4 57-1 7.3
(e)5 1 " 170°C/3 mx 399 785 579 5:5 64
(a)r 1 NHQ(CHQ)BNHQlOOOC/B hr 330 - 59.9 47-5 12-4
(a)2 1 " 50°C/18 hr 330 1130 59.9 50.8 9-1
(e) 1 NH,(CH,);NH,100°C/3 hr 330 556 59-9 46-6 13-3
(£) 1 BtgN/SH(CH,)350°C/18 hr 330 835 59-9 534 6-5
(g) 2 NH,(CH,) (MH, 50°C/18 hr - -~  55.9 43.6 12-3
(h) 2 NH, (CH,) ,NH,, 20°c/18 hr. - 0 55.9 38.9 17.0

Co-telomer Alecohols:- 1 : 03F6/0H20E2/Medﬂ
2 : 1,4-C6F8/CH20F2/M90H

Table II,1, Summary of Crogs-linkine Reactions,
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IT.3. Cross-linking Reactions.

Cross~linking of Viton-MeOH Co-telomer Alcohols with Primary

Mono-smines and Diamines,

When the Viton-MeOH co-telomers were treated with ex-
cess n-butylamine in ether, and the excess amine was removed
with aqueous acid, a stabilised (non HF-smelling) brown oil
of mich increased viscosity was obtained. The increase in
molecular weight (583 — 1,110; 90%), showed that cross-
linking had taken place and a product of the desired type
had been obtained. The infra-red spectrum of the starting
material had peaks at 34Bé em™t [(broad), O-H stretch],

2985 em™t [(S), C-H stretch], and showed slight unsatura-
tion at 1757 em™t (w) and lé39 om™1 (w). The alcohol
portion was shown to be still present in the infra-red
spectrum of the product, stronger absorption at 2985 cmfl
indicated the presence of n-C439—, and absorption at 1757
om T (s) and 1639 on™1 (broad) indicated a large amount of
unsaturation. The product was tested by sodium fusion
and ferrous sulphate for nitrogen and gave a positive re-
sult, showing that the amine is present in the crosslinked
structure. Amine hydrofluoride was precipitated in the
reaction, showing that HF 1is eliminated, and leading to
unsaturation. The reduction in fluorine content (see

Table II.]1)obtained can be explained as resulting from
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both the elimination of HF and by the inclusion of amine

in the cross-~links formed.,

The Viton-MeOH co-telomers were then treated with
ethylene diamine in monoglyme under various reaction condi-
tions. A molar ratio of 2:1 for co~-telomers:diamine was
used in each reaction except the first (4:1). It was
considered that this molar ratio (2:1) would be best if
one molecule 6f diamine cross-linked two co-telomer::chains
by interaction of each of the amino groups of the diamine
with a separate co-telomer chain, Anhydrous potassium
carbonate was added asan acid acceptor, just as MgO etec.

are added in the curing of Viton A.23’33

The products obtained ét room temperature were
pleasant-smelling, red oils of increased viscosity. From
reactions in Garius tubes at 100-170° C, brown-black,semi-
solid products were obtained. At this temperature degra-
dation occurred and carbon was filtered off from the re-
action mixture. Cross-linking increased with temperature,
as indicated by the increase in average molecular weight
from 355 to 480 (35%) at room temperature to 355 to 764
(115%) at 150° C. Nitrogen was shown to be present in
the broducts by sodium fusions and ferrous sulphate. All

the products showed a large amount of unsaturation with
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peaks at 1724 om™t (s) and 1613 om™t (s) in their -infra-
red spectra. The alcohol portion was still present and

the C-H stretching absorption was increased.

The average molecular weight of the co-telomers used
in reactions with ethylene diamine was 355. The actual
co-telomer molecule with the nearest molecular weight +to
this contains 1 03F6:2CH20F2:1 MeOH (M, 310.), and will
have the following structure (after Plimmer 13,

CH,( OH) . CH,..CF,, ,CH,CF,,.CF,, . CFH(CF;) (M, 310; P, 61+2%)

2* 2772

It is possible to postulate a mechanism for the reaction

of this molecule with ethylene diamine and correlate it
with average molecular weights and fluorine analyses, as

in fig, II.1. It is believed that dehydrofluorination is
the first step, followed by addition of the amine to the
resulting double-bond, with concurrent or subsequent hydro-
gen fluoride elimination. The evidence in support of this
mechanism is as follows: +the elimination of HF on standing
from the Viton-MeOH co-telomers, and the formation of amine
hydrofluoride in the reaction of excess n-butylamine with |
co-telomers points to dehydrofluorination as the main pro-
cess in stage (1), This is supported by evidence from
other workers who found that dehydrohalogenation was the

first step in the reactidén of Viton-like polymers 22,34
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2x CH,(OH)CH,.CF,.CHF,.CF,.CFH(CF;) (4) (M, 310; F, 61.27)

(1) |-mp

2x CH,(OH).CH,.CF,.CH=CF.CF,.CFH(CF;) (B) (M, 290; P, 59-0%)

(2) J,Imz(cne)zmna

CH2(OH)CH2.CF2.CH2.-?F.CF2.CEH(CF3)(C)

CH2(0H).CH2.CF2.CH2.-CF.CF2.CFH(CF3)

(3) |-mF
CHQ(OH).CHQ.CFQ.CHQﬁ.CFQ.CEH(CFB) (D) (M, 6005 F, 50-7%)
N
l
(CHy),
2
N

,,CHZ,C.CFQ.CFH(CF

CHE(OH) CH2.CF2

3)

Fig. II.1l.
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35138438 it primary amines. The

and model compounds
increase in molecular weight, the presence of nitrogen

and increased C-H absorption (infra-red) in the products
indicates that the amine takes part in the cross-linking.
The unit - éF - NE - , which is present in structure (C)
has been shown to be unstable and to eliminate HF to form

- é =N -.36, and it is suggested that this occurs at

stage (3) to give structure (D). The inerese in mole-
cular weight in going from A to D is from 310 to 600 which
agrees well'with the comparative figures for the co-telomer
reactions at 150° C and 170° C, eeg. at 150° C, the mole-
cular weight increase is from 355 to T64; amd the decrease
in fluorine comtent (10.5% - Table II.1l), is of the order
of that obtained in the cb-telomer reactions at 150° C and
170° C (6-9%, 6.4%). These observations also confirm
fhe postulafed mechanism, The decrease in fluorine con-
tent is greater for the lower temperature reactions (9-5%
at room temperature). This can be explained by suggesting
that as there is less cross-linking at this temperature,
co-telomer chains attached to diamines, the second amino
group of which will not havereacted, will be present.

Thus, with molecules present in which one diamine is

attached to only one coetelomer chain, the fluorine con-

tent of the molecule will be reduced.
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The infra-red spectrum of the products indicates
different kinds of unsaturation. This corresponds to

elimination of HF at several sites in A, e.g.

CHa(0H)CI-I=CF.CH=CF.CF.=CF(CF3)

as well as the C=N unsaturation suggested above, and addi-
tion of amine could take place at any of these sites.
Pakiorek 35 has shown that unstable structures of the

type - CH2 - éF - N? - can eliminate HF to give - CH = é - NH
as well as - CH2 - C =N - and the former structure is

therefore also likely to be present in the products.

In order to explain the cross-linking in the n-
butylamine product, it is necessary to postulate (1) re-

moval of HF from two co-telomer cheains, (2) addition of

L | [ o

CH. CH CH CH CH. CH CH. CH
2 2 _HF n.C,H.NH, , 2 2 2
I = | I | B’ s - I o | I
CF, CF, VDep o (2 CF-NH CF  CF-N-—CF
| | | I | |1
C45g C4Hg

amine to one chain, (3) interaction of the - NH group with
the other chain. This type of mechanism has been suggested
before to explain the reactions of primary amines with Viton-
like structures obtained after removal of HC1l from Kel F

elastomer. The average molecular weight of the starting
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material is 583, and a calculation of the molecular weight
of the product formed in the cross-linking of two of these
chains with n-butylamine gives the following result:

(2 x 583) - 40 (2HF) + 73 (n-C,HgNH)) = 1,199

This value is very close to actual molecular weight of the
product (1,110).

At 100° C, the product from the reaction of hexa-
methylene diamine with Viton-MeOH co-telomers was a black
solid. Its molecular weiéht could not be determined as
it was insoluble in boiling acetone. However, its mole-
cular weight mist have been much greater than 1,130 which
was the molecular weight of the semi-=solid obtained from
the reaction at 50° c. The infra-red spectrum of the
former product:- and that from the reaction of trimethylene
diamine with co-telomers were very similar to those des-
cribed above for the ethylene diamine reaction produdts.
In order to obtain a product of molecular wt. 1,130 from
a starting material of average molecular wt. 330 it is
necessary to postulate structures involving three co-
velomer chains cross-linked by two molecules of hexamethyl-

ene diamine, e.8.
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I
N
|

ECHz)%
N

The line -
représents a co-telomer chain, A molecular weight calcu-

lation gives the following result: (3 x 330) + [2 x 112
(NE,(CH,) MH,)] - 160 (8HF) = 1,054, which is close to the
experimental vélue (1,130). It is also possible to postu-
late that two chains are cross-linked by two or more

- amines. This wouhd also lead to increases in molecular
weight. If the reactivities of the diamines towards re-
action with co-telomer chains are expressed in terms of
the ratio + m.wt. product/m.wt. reactant, the following

results are obtained:-

Bthylene Diamine , 100°C & 520/355 = 1.50
(556-14)/330 = 1.64 [14=CH,]

Irimethylene Diamine,lOOOC

Hexamethylene Diamine, 50° C: (1,130-112)/330 = 3.08
[112 = 2 x (CH2)4]
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Allowances were made for the molecular weights of the dia-
mines and the postulate that two molecules of hexamethylene
diamine will cross-link three co-telomers chains. Thus,
the order of reactivity is found to be:~
Hexamethylene Diamine » Trimethylene Diamine 7> Ethylene

Diamine
Cross~linking of Viton-MeOH Co-telomer Alcohols with a
Texrtiary Amine amd Dithiol. :

When a tertiary amine (EtBN) was treated with co-
telomers for two hr. in ether at 50° C, the molecular weight
of the brown product obtained was increased only slightly
(409 to 488). The infraored spectrum showed little ch;nge
with only a very slight increase in unsaturation. When
propane-l,-3-dithiol in monoglyme, a more polar éolvent,
was added, at the same temperature, in the presence of .

pefaggiuw carbonate, considerably more reaction took place.
The molecular weight of the starting material was increased
by 153% (330 to 8353, and the fluorine content was reduced
by g.5% (Table.II.l). The infra-red spectrum was similar
to those of the diamine products, showing a large amount
of unsaturation [1724 em™ (s), 1639 em™L (broad)], and
increased C-H stretch absorption [2985 cm"l(s)]. | No
S-H absorption in the region around 2564 cm™1 éould be

observed. Sodium fusion followed by sodium nitroprusside
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showed that sulphur was present in the product. Thus, the
following type of structure can be postulated for the pro-
duct, involving cross-linking of two co-telomer chains (4)
by the dithiol:

CH2( OH) .CHQ.CF2.0H=(I3 .CF2CFH( CF
S
I
(CH

|
S

CH=C.CF

3)

2)2

CH2(OH)CH2.CF CFH.(CF ).

3

The reaction mechanism will be similar to that suggested

2° 2°
in fig.ITI,1. As before, the cross-linking could take

place at several sites on a co-telomer chain and involve

more than one dithiol and more than two co-telomer chains.

Cross-linking of 1,4-Octafluorocxe1ohexadiene[Vinxlidene

Fluoride/MeOH Co-telomer Alcohols with Diamines.
13

Plimmer suggested that these co-telomers con-

tained structures of the type:-

F

The infra-red spectrum contains peaks in the unsaturation

range at the following wave numbers 1757 cmgl(w), 1754 em™t
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(s), and 1695 om™t (w). The 1754 cm'l(s) peak was attri-
buted 12 4o the - CF = CF - cyclic double bond amd the
other peaks can be attributed to the HF elimination, which

occurs on standing.

The co-telomers were treated with ethylene diamine
at room temperature to give a red-brown oil of increased
viscosity, and with hexamethylene diamine at 50° C to give
a black solid. Both the starting material (copiously)
and the product, eliminated HF on standing. It was im-
possible to obtain molecular weights for these compounds,
and it seems likely that the ebulliometer was affected by
the HF released. The increased viscosity of the products,
and the large reductions in f£luorine content (Fig.II.l) due
to HF elimination and inclusion of amine, showed that eross-
linking had occurred, and strong absorption at 1695 em™t in
the infra-red spectrum showed that unsaturation had increas-
ed. The mechanism for these reactions will be similar to

that postulated for the Viton-MeOH co-telomer reactions

with diamines.
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Experimental

IT.4. Molecular Weights.

The instrument used to determine these was a
Gallenkamp semi-micro ebulliometer, suitable for the deter-
mination of molecular weights on 200 mg. samples. The
limitations of the method are that the compound to be deter-
nined must (a) have a negligible vapour pressure (b) be
soluble in acetone, ether, or benzene (c) have a molecular

weight below 1,000,

Procedure, The apparatus was set up as described in the
instruction leaflet. The samples were injected in the
form of weighed pellets (solids), or on a looped copper
wire (semi-solidsand viscous liguids). The gpparatus was
first calibrated using naphthalene as a standard. Once
the solvent (dry acetone) had reached a condition of steady
boiling, pellets of naphthalene (approx. 50 mg. each) were
weighed accurately, and added to the solvent at three min-
ute intervals, noting the resistance change with each addi-

tion, by bringing the galvanometer deflection back to zero.

Results and Caleculation. For naphthalene the results were
tabulated as follows:
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R AR £AR AW sAWE

2085
20125 | 725 T2+5 | 0-057 | 0-057

1920 92+5 155 0-081 | 0-138

1851:5 | 68+5 | 233.5 | 0.050 | 0.188

1784 67-5 | 301 0-053 | 0-241

1697 87-0 | 388 0-075 0'316

Where R = resistance
AR = ché.nge in resistance caused by addition
of A W5 g. solute.
ZAWE = the sum of A Wt corresponding to Z2AR

A graph was drawn of £AR vs. £AWt, the slope of which,
SAR/2AWt = S, was proportional to the molecular weight
of the compound used (see Fig. II.2).

i.ss K = Mol.wts x S,
Hence for the naphthalene standard,

K = 128.17 x S,

K is a constant for -I:hé apparatus under these conditions.
From Fig.II.2, for naphthalene S = 12375, where K = 158,600,
For any unknown compound, the above procedure was repeated,

and a value S® obtained for the slope of the graph. Thus:
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u-E

o
. 158,600
g%
The accuracy of the method was checked using benzoic acid.
From the graph of Z2AR/ AWt of benzoic acid in acetone,
s* - 1,350, <. M = 158,600/1,350 = 117-5 (Cale: 122°1;

error = 3.8%).
























































































































































































































































































































































































































