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SUMMARY 6%fn*a%6&£§;

qub

Chlorofluorination of Benzene

A controlled reaction between chlorine trifluoride
and benzene in the vapour phase was achleved by a;lowing
the reactants, suitably diluted with nitroggn, to
mingle within the meshes of a copper packing which was
contained in a reactor kept at 260°C. The product
of the reaction was a complex, dense; somewhat
lachrymatory, yellow iiquid which proved both tedious and
difficult to separate. Fractional distillation of the
product threugh 60-plate éoncentric-tube columns resulted
only in the isolation eof azeotropic mixtures; somé of
_which contained unchenged benzene., These were analysed
by means of gas-liquid partition chromatography,.and
\largéLScale-separations of some of the azeotropes carried

,??out by this technique. Monochlorobenzene, a mixture-of

7" omy"m=, and p-chlorofluorobenzenes and cxclehexane

derivatives with the following molecular formulae were
isolated:- CGHGCZLFS, CECLF 10; CgHOL,Fg, CeH,C1,Fg,

06H3012F7 and 06013 9* Brominations, hydrogenations

and reactions with iodine monochloride were carried out in

an effort to identify double-bond structures in these
compounds, but the results were net conclusive, and infra-red
analysis had to be resorted to. The compounds cohtaining
hydrogen easily lose halogen hydracids ét room temperature
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and in tﬁe presence of alkali, It was not possible to
deduce actual configurations, especially since some of the
materials were isomeric mixtures, but pessibilities have
been suggested.
Analytical Section

Cation-exchange resins were appl}ied to the
analysis of selutions ebtained by fusing 6rganic compounds
containing chlorine and fluorine with sodium, then leaching
with water in an atmosphere of nitrogen. The-tefal
halogen was estimated by alkalimetry, and the chlorine
either argentometrically or by a ViebBek procedure; The
method thus represents a great step forward in the aﬁalysis
of fluerine~centaining organic compoﬁﬁds since it has none
of the failings of a thorium nitrate estimation, and is
shorter than a lead chlerofluoride'precedgre; The method
was also extended to deal with nitrogen-contéining halo-

organic compounds,

A New Binary Test Mixture for Eveluating Distillation Columms
‘at_50 mm, of Mercury '

A test mixture consisting of methyl benzoate and
methyl caprylate was developed in order to test the
concentric-tube columns at reduced pressure; The
efficiencies of the columns were found to decrease by 50%

on reducing the pressure from 760 to 50=mm;
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A Note on the Benzene-Fluorobenzene Sﬁstem _

It was found that benzene and fluorobenzene do not
form an azeotpqpe at atmoespheric pressure, but an
extremely efficient column (more than 70 theoretical plates)
musf be .used to effect a separation of these compouﬂds by
fractional distillation. Analytical experiments
indicated that-éaé-chromatographic separations should be

achieved quite easilye.
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MEMORANDUM

The work reported here was carried out by the authoxr
at the University Science Laboratories, Durham, between:
September 1953 and July 1956. It is original, except
where acknowledged by réference, and has not been
presented for any other degree.

The main object was to in#estigate the action of
chlorine trifluofide on. benzene in the vapour phase, but
before proceeding with this it was neceésary to carry out
enalytical end distillation researches. Thus the thesis
contains an Analytieal.Seemion and an Appendix. -

Up to the present time the work has provided material
for the folldwing three publicationss-

"The Semi-Micro Determination of Flubrine, Chlorine and
Nitrogen in Organic Compounds.  Part II. The Use of

Cation Exchange Resins". (BANKS, CUTHBERTSON AND

MUSGRAVE, Anal, Chim, Acta., 1955, 13, 442).

"The Use of Concentric-Tube Distillation Columns at Reduced
Pressure". (BANKS AND MUSGRAVE, accepted but not yet
published by J. Appl. Chem.)

"Vapour-Liquid Equilibrium Data for the Benzene-Fluorobenzene

System", (BANKS AND MUSGRAVE - a note to Be published in

Signeds ./@M .

(R. E. BANKS)
9/1/56.

JeC.S.)



Chapter I.

Chapter II.

CONTENTS

Title Page ® 8 0 000 0000000000 seP0eOS

ACknowj-edgemerlts:- L ] ... * 0 00 00 00 0 9:00 00

Memorandlm ® 0000000000 COONOEOSOESPOESPODS

Contents '......Q........'......-..

Sumary ® 0 0 0000000 OSPOPINOSEOEQGEOSIOIEOSITOIETBROEES

Introduetion ccececcescsceccccccss
Historical concerning chlorine
trifluoride cceccececccsccccccccne
Concerning chlorofluorogcyclo-

hexanes, -hexenes and -hexadienes.

(1) Discussion of the Experimen-

tal Work end the Results eeesesees

" (ii) Theoretical Considerations ..

EXPERIMENTAL SECTION '......;......'...-............

Chaptér III,

The Chlorofluorination of Bengzene

in the vapollr Phase ® & 000 0000 0 ¢ 0 OO

Apparatus .....Ql.'............-....

Operation..-....oo.......-....-...

iv.

Page No.

if

ity

iv

26

63.

64
65.
I



Chapter IV. .

Chapter V.

Chapter VvI.

The Distillation of the

Chlorofluoringted Products ceven

Constructions of the Columns ...
Column AccesSOrie€s ceescccnccecs
Lubricant ecceececccscccccccscsscs
Cleening the COLUMNS sececocscse
Operation of the Columns eeeeeoe
Testing the COlumMNS escccesccceme
Digtillation of the Reaction

Mixtm‘es ® 8 0 05,00 90066000 0:08:0 0000600

The Analysis and Separation of

the Distillation "Flats" by

" means of Gas-Liguid Partition

Chromatograghﬂ Oeo0s 0000 ese 000 00

Apparatus e eeensse00000 00000000

Resmts l........l....;........'.

(i) Investigation into the

Page No.

8%
85
92
935
98
99
10T

I04

II6.
IIT

I24

presence of Double Bond Stiructures

in the Compounds isolated by means

Qf Gas Chromatograghy see0e0 0000

Hydrogmations ® O 0000000000000

Brominations sec0oesesscncssssnsen

Iodine Monochloride Experiments .

I43.
I45
I53
I53:

Ve



vi.

Page No.
Chapter VI. (cont.)
Exemingtion of Peak 4
Flat VII eccevcccncccncscscss I54
Exemination of Peak 4
Flat VIII cececoccnsccccnccns 158

Infra Red A,n.alySis1 ecsesovcson 160

(ii) De-hydrohalogenations

and Other Experiments e..ceee. fGS
The Nitration of Peak 2

Flat I Material cceeescscmss 1165
De-hydrohalogenations e.eeeee 167

The Oxidation of Flat III ... 169

ANALYTICAL SECTION oveueeococeccscnscsooneons I70

Chapter VII. The Application of Cation
Exchggge'Resins to the
Semi-Micro Determination

of Chlorine, Fluorine and

Nitrogen in Organic
Com.gour'.dS-oooooo-o.oc-.ooo.oo-o I7'2

Introduction «.esceeee senseoo IZ3’



vii.

Page No.

Chapter VII. (cont.)

Development Of the Method eeoee. 75

Reé.gents ...............;...'.'.. 188-

Experimental Procedures scececeses 189
MPMIX ........l.r........I.............l...l....l.. 196‘
Chapter VIII. The Development of a New Binary

Tegt Mixture for Evaluatin

Distillation Columns at 50 mm,

Of Mereurx © 000008000 R0RGEPSIEGEEESLOTSES 197

Introduction o9 90 0:000000 09 000000 19‘8:’

Experimen.'tal e0emcoccessssevsnsse 200

DiscuSSion ® 0 0.0 S:0-0:0 0600000000 090 00 21‘2
Chapter IX. A Note on ‘the Bengene—Fluoro-

bengene sttem 0006060000000 00000 21‘6

Introduction ....-........'. L 3N BN BN BN W 1) 217-

Experimental o000 sd0 000 e 219




List
List
List
List.

List

of Diagrams ....m.;....;..
of Graphs coececemonnen e
Of Tables ceececcccrcconss
Of Plates eeeeevecececenns

of Reaction Schemes ceecsee

nge No.

228
231

234
235:.
235

viif,



j'.-x'o.

SUMMARY

Chlorofluorinaetion of Benzene:

A controlled reaction between chlorine trifluoride
end benzene in the vapour phase was achieved by allowing
the reactants, suitably diluted with nitrogen, to
mingle within the meshes of a copper packing which was
contéined in a reac;or képt at 26000; The product
of the reaction was a complex, dense, somewhat
lachrymatory, yellow ligquid which proved both tedious and
aifficult to separate. Fractional distillation of the
product through 60-plate concentric-tube columns resulted
only in the isolation of azeotropic mixtures, some of
which contained unchanged benzene. These were analysed
by meens of gas-liquid partition chromatography, and.
large-scale separations of some of the azeotropes carried
out by this technique. Monochlorobenzene, g mixture of
o-, m-, end p-chlorofluorobenzenes and g¢yclohexane
derivaetives with the following molecular formulae were
isolated:~ 66H601F5,, CeCL Py CGH012:E-‘9'-,. CH G Fgs
GéH3C12E7 end 05013F9, Bromingtions, hydrogenations:
and reactions with iodine monochloride were carried out in

an effort to identify double-bond structures in these.

compounds, but the results were not conclusive, and infra-red
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analysis had to be resorted to. The compounds containing
ﬁydrOgen easily lose halogen hydracids at room temperature
and in the presence of alkali. It was not possible to |
deduce asctual configurations, especially since some of the
materials were isomeric mixtures, but possibilities have

been suggested.
Analytical Seetion

Cation-exchange resins were applied to the
analysis of solutions obteined by fusing organic compounds:
containing chlorine énd fluorine with sodium, then leaching
with water in an atmosphere of nitrogen. The total
halogen was estimated by alkalimetry, and the chlorine
either argentometrically or by a Vieb8ck procedure. The
method thus represents a great step forward in the analysis
-0f fluorine-containing organic compounds since it has: none
of the feilings of a thorium nitrate estimetion, and is:
shorter then a lead chlorofluoride procedure. The method
was also extended to deal with nitrogen-containing halo-
organic compounds.,

A New Binary Test Mixture for Evaluating Distillation

Columns at 50 mm., of Mercury

A test mixture consisting of methyl benzoate and
methyl caprylate was devieloped in order to test the

concentric-tube columns at reduced pressure. The
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efficiencies of the columns were found to decrease by 50%
on reducing the pressure from 760: to 50 mm,

A Note on the Benzeng-Fluorobenzene System

It was found that benzene and fluoiobenzene do not
-fOrm an azeotrope at aﬁmospheric pressure, but an
extremely efficient column (more than 70 theoretical plates)
must be used. to effect a separation of these compounds by
fractional distillation; Analytical -experiments iﬁdicated
that gas-chromatographic seﬁarations should be achieved quite

easily.
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Chlorine trifluoride was discovered in 19§Q'by
RUFF AND KRUG (Z. enorg. allgem. Chem., 1930, 190, 270),

but for almost twenty years its use as a halogenating

agent in organic chemistry amounted only to the observation

that it reacted violently with organic substances., This
lack of attention was not entirely due to its great
reactivity, but also to the fact that elementary fluorine

is needed for its synthesis, ahd in the early days of

Fluorine Chemistry the production of this in quantity was

a difficult and hazardous task. During the years of
World War II, however, when certain fluorine-containing
compounds were in great demend, tremendous advances were
made in the means of preparation and the technology of
elementary fluorine (Flugrine Symposium, ind. Eng. Chen.,,
1947, 22;“é36-434),'which in turn rendered it possible
for chioriné trifluoride to be made on a large'SCale
(LEECH, Quart. Reviews, 1949, 3, 22; - PORTER, Chem. Eng.,,,
1948, 55, No. 4, 102). Thus only in comparatively
recent years: has it beeome. readily available for study
as a reagent in organic chemistry..

The first work to be reported'which gave rise to g
characterised product was carried out by HﬁCKEL (Nachr.

Akad. Wiss. G8ttingen, Math-physik. Klasse, 1946, 36) who

M UNIVE,
g\\v‘“k B0Enze TSP
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obtained trifluoronitromethane (fluoropicrin) in small’
yield from the reaction of chlorine trifluoride with
bromodifluoronitromethane. Apart from this, the only
reports on the controlled reaction of chlorine trifluoride

with organic compounds prior to 1950 either gave no:
details, or took the form of patent specifications. Thus,

PORTER. (loc. cit.) and also BURNETT AND BANKS (Chem. Soc.
Symposium on Fluorine Chemistry, Nov. 1949) stated that

such. reactions result in the introduction of both chlorine
and fluorine iﬁto the orgenic compounds, whilst LEECH
(Brit. Pat. 633,678), and workers at The Pennsylania salt.
Menufacturing Compeny (Brit. Pat. 665,253) carried out
liquid-phase chlorofluorinations of a variety of organiec
substances but made no attempt to isolate any definite
products from the reaction mixtures they obtained. Leech
moderated his reactions by diluting the organic reagtents
with carbon tetrachloride which is relatively inert to
chlorine trifluoride at room temperature and in the
presence of other organic material (ELLIS AND MUSGRAVE,
J;C.S., 1953, 1063), and carried.out_analyses on the:
reaction products td show that they contained more combined

chlorine than fluorine. The Americens moderated their

3.

reactions by using anhydrous hydrofluoric scid as a diluent
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for both the chlorine trifluoride and the organiec
substances.

In 1950 the first detailed report on the controlled
. reaction of chlorine trifluoride with an organic compound
of the aromatic series was made from this laboratory by
ELLIS AND MUSGRAVE (ibid., 1950, 3608). They passed
chlorine trifluoride diluted with nitrogen into a soluticn
of benzene in barbon fetrachloridé end found chlorobenzene.
and fluorobenzene to be the chief products of the reaction
which occurred. The main reaction was therefore one of
substitution. Small-amounts.of products were isolated,,
however, which from their analyses ané reactions appeared
to be chlorofluoro- cyclohexanes, -gcyclohexenes, —-gyclohexa-
dienes and ~diphenyls, The effects of catalysts, which
" were chosen because they were either ﬁell-known halogen
carriers. or salts of traﬁsition metals which had been
used in direct fluorinations of organic compounds, were
also investigated. Their presence only affected the
- yields of products and not the mechanism of.the reaction.
Further work in which benzene derivatives and benzene
homologues were used as starting materials gave parallel
results (idem., ibid., 1953, 1063).

It seemed from the results obtained by Ellis end Musgrave

that if the reaction between benzene and chlorine trifluoride:
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could be carried out in the vepour phase then the yields:
"of chlorofluoro addition producis would probably be

much increased because the predominent.reaection should be

g free radical one. HASZELDINE in‘a private communica-
tion to SHARPE (Quart. Reviews, 1950, 4, 127) stated

that he had evidence for the production of substitution

and addition compounds in the vapour phase reactions of
chidrine trifluoride with benzene and toluene but gave

no details. Thus, in 1951, SOWLER AND MUSGRAVE (results:
unpublished) began investigations on the reaction between
chlorine trifluoride and benzene in.the vapour phase.

They showed that it was poséible‘to obtain quite good yields
of addition products, but were never successful in
isolating and characterising any definite compounds present
in their reaction products. Sowler abandoned the work
prematurely in 1952 end the subsequent work will be
discussed in this thesis.

Before proceeding with this however, it is of interest
to discuss briefly the methods already available for
synthesising chlorofluoro-~ cyclohexanes, =-cyclohexenes,,
and -gxglghexadienés 50 that they may be compared with

the use of chlorine trifluoride in the preparafion of .the

above types of compound. They will be split up into two
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'groups, the first being by far the largest and containing
the two most important methods yet available. Full
details of the compounds known, the methods by which
they were: prepared and the literature references are

given in TABLE 1 .

A. THE FLUORINATION OF CHLOROBENZENES.

(i) Direct fluorination using elementary fluorine.

BIGELOW AND PEARSON (J.4.C.S., 1934, 56, 2773)
claimed to be the first workers to carry out the direct
fluorinstion of an aromatic halogen-containing compound.
successfully. They passed a current of fluorine through
a dilute solution of hexachlorebenzene in cerbon tefra-
éhloride, end after removing the.solvent completed the
reaction by directly fluorinsting the residual oil, From
the final product they were eble to isolate small agmounts
of hexachlorohexafluorogyclohexane and hexachlorotetra-
fluorogyclohexene, Elaborating further on this,
FUKUHARA AﬁD BIGELOW-(ibid., 1938, 60, 427) progressively
sublimed hexachlorobenzene into a glass chamber in which
it came into contéct with fluorine issuing through a roll
of copper gauze. The resulting reaction yielded a

complex, highly reactive, liquid product which was
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émabilised by treatment with iron and acetic acid.

From the final product were isolated ten liquid and two
crystalline portions whose analyses showed them to be
chlorofluoro compounds. No definite formulge were
postulated.

Contrary to the belief of some authors, however,
Bigelow and Pearson wereynot;the.first workers to carry
out the fluorination of a chlorinated aromatic compound,
and although it is not wholly relevant the work of
BANCROFT AND WHEARTY (J. Phys. Chem., 1931, 35, 3121;
Proc., Natl. Acad., Sci., 1931, 17, 183) will be mentioned.
here because it is of great.historic interest end appears:
to have been neglected.

The aim of their work was to investigate certain
theories of ring substitution in direct halogenations
of the aromgtic nucleus, and they sttempted the direct
fluorination of benzene, toluene, anisole, 1,3%,5=-
trinitrobenzene, 1,3%,5-trichlorobenzene, 1,2,4-trichloro-
benzene, and hexachlorobenzene., However, they only
isolated prodﬁcts from two of these reactions. They
passed fluorine into a solution of 1,3,5-trichlorobenzene
in carbon tetrachloride and isolated a liquid product

which was unstable when boiled at atmospheric pressure



8.

(b.pt. 150°C.), but distilled without decomposition
at reduced pressure (b.pt. 75°C:/25 mm, ). It analysed
t§ glve a ClsPF ratio (atoms) of approiimately 2313, and
without any proof of its aromatic character was stated
:fo be dichlorotrifluorobenzene. From hexachlorobenzene,
by passing elementary fluorine over it in a heated tube,,
they_qbtained a viscous, o0ily liquid which yielded two
distinct fractions on distillation. The first
(b.pt. 140;15000.) they claimed to be tetrachlorodifluoro-
benzene, and the second.(b.pt.'230-24000,) trichloro-
trifluorobenzene. Again no confirmaetion of the aromatic
nature of these products was sought.

It is obvious from a consideration of the reports
made by Bigelow and co-workers, and also a knowledge
of the meéhanisms of direct fluorination, that the-products
.obtained by Bancroft and Whearty could ﬁoi have been
aromatics, end henee their énalyses must have been highly
inaccurate. This is not surprising because they were
made using a modified DROGIN-ROSANOFF method (J.4.C.S.,
1936, 38, 711) in which, after decomposing the sample being
analyged by refluxing it with potassium-aldohol mixtures
and then neutralising the solution, chlorine was determined

by precipitating it as silver chloride with silver nitrate
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end estimating excess of the latter reagent by a Volhard
procedure, and ¥luorine by precipitation as caleium

fluoride. -

(ii) Indirect fluorination using_higher inorganic fluorides

or inorganic;ggrfluorides.

This method has been employed to fluorinate

. monochlorobenzene, o-=dichlorobenzene, pentachloro-
(triflﬁoromethyl)-benzene, end hexachlorobenzene by use

of. antimony pentafluoride, argentic fluoride, ceric
fluoride, cobaltic fluoride, manganic fluoride and plumbic.
~ fluoride to give rise to fully halogenated gxg;gpéxanes
along with some cyclohexenes in the case of antimony
pentafiuoride; The fluorination of monochlorobenzene

" and o-dichlorobenzene produces chlorofluorocyclohexanes

of known constitution, although in the latter case some
chlofiné ié.removed from the molecule and enters other
'products, 80 giving rise to trichlorononafluorogcyclohexane:
together with éhloroundecafluorogxglghexane, 1l,2-dichloro=-
decafluorogyclohexane and perfluorogcyclolhiexane.

TATLOW AND WORTHINGTON (J.C.S., 1952, 1251) suggest that
chlorine fluorides may be respbnsible for this further

chlorination.
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Antimony pentafluoride results in more extensive:

replacement of chlorine by fluorine than does antimony
trifluoride, and has been extensively used for this
purpoée (see McBEE et al, Ind. Eng. Chem., 1947, 39,
305, 378, 384, 391 and 415). The reactions are usually
carried out in a metal vessel provided with a stirrep,
the antimony pentafluoride being added as such to the
starting materials, or being present as antimony
pentachloride then converted to fluoride in situ by
addition of hydrofluoric gcid.

The use of inorganic perflﬁorides for fluorination

- purposes was introduced by FOWLER ‘et al (ibid.., 292)

who::showed that by passing hydrocarbon vapours over a
heated bed (ca. 35Q°C.) of bqbaltic'or argentic fluoride
hydfogen can be replaced by fiuorine, which also adds to
any double boﬁds present. Any chlorine present in the
starting material is retained to a large extent (TAILOW
AND WORTHINGTON, loc. cit.)

It may be noted that by employing all the perfluorides
mentioned above to fluorinate chloro-(trifluoromethyl)-
benzenes, LIGETT (U.S. Pat. 2,654,789; dm. C.d., 1954,
48,, 12799a$”has'prepafed a number of fully halogenated

chlorofluoero-(trifluoromethyl)-cyclohexanes.
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(1ii) Indirect fluorination using bromine trifluorige..

During the course of investigations into the -
.preparation of aromgtic perfluoro compounds McBEE,,
LINDGREN AND LIGETT (Ind. Eng. Chem., 1947, 39, 378)
showed that bromine trifluoride reacts quite smoothly |
with'hexachlorﬁbenzene at moderate temperatures giviné
rise to a mixture with the average composition CéBr2014F6.
- They subsequently treated this with antimony pentafluoride
to fluorinate it further, dehalogenated the product
with zinc dust in alcohol, and obtained a very'camplex.
mixture of products. From this they isolated C6F6’ G6F ’
.C601F7’ 06012F8, CGCI2F6. 06013F7 and C6C13F5. A similar
set of reactions was carried out using trifluoromethyl-
benzene as starting material, Iﬁ suach a reaétion-as this
the structures of the products cannot be anticipated,
and chemical investigations need to be carried out
before a product cen be fully characterised. This
does not appear to have been done for.the above compounds ,
although many American patents have been published dealing

with the use of this method for their synthesis (see

TABLE 1 ).
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1 -
B, THE DIRECT CHLORINATION OF FLUOROBENZENES AND

OTHER FLUORO COMPOUNDS:

This type of reaction has received little
attention, which is unfortunate because the known
fluorobenzenes should give rise: to chlorofluoroqxclo-

hexanes of known structure if exhaustively chlorinated.

(1) Chlorination of fluorobenzenes.

Only two compounds have been reported to give rise
to chlorofluorocyclohexanes on chlorination, nameiy
monofluorobenzene and 1,2,4;5-tetfafluorobenzéne. The:
first reacted violently with chlorine in the presence
of sﬁnlight and at room temperature to give rise to
1-fluoro-1,2,3%,4,4,5,6=-heptachlorocyclohexane, a
monofluorohexachlorogyclohexane and a high boiling, highly
chlorinated oil which was not investigated (T. van der
LINDEN, Rec. trav. Chim., 1936, 55, 282). The tetrafluoro-
'benZene on treatment with chlorine yielded smgll amounts
of tetrafluorohexachlorocyclohexane (FINGER et al,
Je4.CeSep 1951, 73, 145)..

(if) _chlorination of other compounds.

During the course of a study of highly fluorinagted

organic compounds being carried out at Birmingham University
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by TATLOW end co-workers; perfluorogcyclohexene was
.chlorinated"in ultra=-violet light (J.C.S8., 1952, 2351)
end perfluorobicyclohexyl chlorinated at 600-650°C.
(ivia., 4695) giving rise to },2¥dichlorodecafluorogxglgr
héxane, and chloroundecafluorogyg;gpexane respectivelyu.
The first reasction was originally reported by BRICE AND
SIMONS (J.4.C.S., 1951, I3, 4017).. Obviously reactions
of this fype are limited in number, |

It can ﬁe gseent. that a great deal of work remains:
t0 be done on the synthesis of chlorofluoro-cyclohexanes:,
-gyclohexenes and -c¢yclohexadienes, new methods being
required which can not only be applied to the syntheses
of fully haiogenated compounds of known structure, but.
also to those containing hyd}ogen. Thus, apart from the
investigation into the use of chlorine trifluoride asi
& means fof producing compounds of unknown structure, a
complementary programme Of work wes begun in this:
laboratory by CUTHBERTSON AND MUSGRAVE which was planned
to produce simple chlorofluoro compounds of the above
types by unambiguous routes, and so of known structure,
Briefly,-the methods which they chose weres— the replace=-
ment of other halogené in known gcyclohexanes and gxglgr

hexenes by tréatment with (a) hydrofluoric scid under
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'
different conditions (b) anhydrous potassium fluoride
in solvents such as glycerol or glycol (¢) inorgenic
perfluorides, and the hydrolysis of tosyl esters of
alcohols derived from gyclohexsane by heating them with
agueous potassium fluoride in sealed tubesb So far
only l-chloro-l-fluorocyclohexane has been synthesised,
This was done by means of reaction (a) above, -
. l=chlorogyclohexene being treatéd'with anhydrous hydrogen.
fluoride both in the presence of, and without catalyste
(aluminium trichloride, boron trifluoride and stanniec
chloride). ©For details see CUTHBERTSON, Ph.D.
’l'hesis,, Durhem, 1956, end CUTHBERTSON AND MUSGRAVE,,
J. Appl. Chem., to be i)ublishedl.

There is not e great deal of information regarding
the reactions of chlorofluoro-cyclohexanes, —cyclohexenes,
and -cyclohexadienes and, through the work of Cuthbertsen
and experiments designed to discover the structures of
the compounds produced by the vapour-~phase
chlorofluorination of benzene, it was hoped to fill some.
of the gaps in the literature. -Theso experiments wefe
based on four types of reaction nsmely, de~halogenation,
de-hydrohalogenation, oxidation and reduction..

De-halogenations of chlorofluoro compounds: of the
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type under discussion can be carried out by meens .

.of zinc dust in acetamide, zinc dust and acetic acid,
and zinc dust in alcohol. The use of the first and
last of these reageﬁ£3'is well known from the work

of M¢BEE et al (loc. cit.) on the indirect fluorination
of hexachlorobenzene with bromine trifluoride,which
produces intermediates in the synthesis of perfluoro-
benzgene, chiorofluoro-gxg;ghexenes, and -cyclohexadienes
(see p. 1 ). These workers have also reported the
following reactions (U.S. Pate., 2,586, 3645 4me Codes
1952, 46, 8675e)1= |

. Zn/CzH OH.
066;4F8 06F6 + CGCIFS
' Zn/CéH OH
_ Py 57 8 o
Zn/CH.,, CONH
- : - - 3 2 " - .
c,6012F6 5 () Fs + Ce0lPy

It appears that chlorine can be more easily removed

than fluorine,and thus should be so preferentially if
presenf on two adjacént carbon atoms in a molecule. This
type of reaction has been much used for the preparation of
f;uorocarbon olefines, zinc_being employed to remove
bromine or chlorine from adjacent carboﬂ atoms of

fluorine-containing halb-alkanes.
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Likeﬁise,the removal of hydrogen bromide or chloride
by bases has been used to prepare fluqfocarbon olefines,
but the use of this type of reaction ih the formation
of chlorofluorocyclohexenes, or perfluorocyclohexenes
from chlorofluorogxglghéxanes has received scant attention
because of the scarcity of compounds of the latter type
which contain hydrogen. Van der LINDEN (loc. cits)
has reported the removal 6f half the available chlorine

" from C6H5016F by treating ;t with methyl alcoholic
potassium hydroxide, whilst TOMPSON, TARRANT AND BIGELOW
(J.A.C.S., 1946, 68, 2187) found that both chlorine and
fluorine can be removed from (CF,),CeHCLF, and
<CF3)2 o by means of alcoholic potassium hydroxide

(10#). The acid and alkeli catalysed hydrolyses*of

CéH ClF

1-chloro-l-fluorogxg;ghexane result in removal of boith
chlorine and fluorine to the extent of 50% of total

. halogen present in the molecule. (CUTHBﬁRTSON AND
MUSGRAVE, loc. cit.). Chloroundecafluorocyclohexane,,
however, does not undergo any exchange reactions with
either aqueous or alcoholic alkali, but on reduction by
lithium gluminium hydride in ethereal solution it is
converted. to undecafluorogyclohexane which easily undergoes:

de-hydrofluoringtion with aqueous potassium hydroxide to .

~
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yield perfluorocyclohexene (TATLOW AND WORTHINGTON,

loc. c-itl.).. It would appear, therefore, that hydrogen
present iﬁ the molecule faci.li.tatesz; de-hydrohalogeng=-
tions. ROYLANCE, TATLOW AND WORTHINGTON, (J.C,S.,
1954, 4426) suggest that the elimination of hydrogen
-fluo.riﬁe. from a fluorohydrocarbon,with thg formation of
an unsaturated compound, proceeds through an intermediate

. fluorocarbonium :giion, s0s=~

F,C CL—>FC P Nan N Sl
: \CF CF/ F ° \C'F—CF/ \? : CE“-—CF
Fo T2 - .2 T2

This type of mechanism can &lso: be applied to removal

of -other halogens, for example 1,2-dibromo-lH-nonafluoro-
gyclohexane on treatment with aqueous alkali loses both

bromine and fluo.rin'e. from the same carbon atom gliving
rise to unsaturated compounds.,

Valuable information regarding structure can be
obtained through the oxidation. of chlorofluoro-cyclohexenes:
and -gy_c._-_lﬁhexac‘iien.es, especlally if the reactions give rise
t.o known- dibasic acids. For example, McBEE, WISEMAN AND
BACHMAN (Ind. Eng. Chem., 1947, 39, 415) obtained a
dichlorodctafluorogyclohexene. by fluorinating hexachloro-

benzene: with entimony pentafluoride. This they proved
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to be 1,2-dichloro8ctafluorogyclohex-l-ene. by 'oac:i‘.dising,_
it with agqueous potassium permaengsnate te: perfluoroadipic
acid. "It should also be possible to carry out oxid;fimhs
of this nature with ozone.. -

Informatlon on reduction appears limited to the
conversion of chloroundecafluorocyclohexene to0
undecafluorogyclohexene (see above),and dichloredecafluoro—
gxglépexénes to decafluorocyclohexanes: (ROYLANCE, TATLOW
AND WORTHINGTON, loc. cit.) by meens of lithium sluminium
hydride. Besides employing this type of reduction it
was also decided to attempt direct hydrogenstions with
molecular hydrogen at room %emperature and atmogpheric
pressuregin the presence of noble metal catalysts. It
was hoped by this means to deted¢ any double bond
structures.. .

To demonstrate the value of the above types of reaction
in the elucidation of structures their application to
a hypothetical 1,2-dichloro-2,3,3,4,5,5,6,6-0ctafluorogyclo-
hexene will be considered (see Reaction Scheme).

The formation of en olefine (II) containing the same
number of fluorine atoms would show that the two chlorine
atoms were present on adjacent carbon. atoms, The

positions of the hydrogen atoms could then be proved by
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_oxidetions of I snd II.. From IT would be obteined the
known 3H-heptafluoroedipic acid III (BARBOUR et al,
J. Appl. Chem., 1954, 4, 341; FEAR AND THROWER, ibid.,
| 1955, 5, 353). Purther oxidation of this acid, or
exhaustive oxidation of II, would give :ise to: a
" mixture of difluoromalonic (IV) and-tetrafluorosuccinic (v)
acids, both of which are known (FEAR, THROWER AND VEITCH,
ibid.; p. 589)m Thus the position éi?omé of the
' hydrogen atoms woulild be established, and it would bve -
obvious that the other was present §n a carbon gtom irnvolved
- in the double bond in II. The position of this hydrogen
would be established by the formation of tetrafluorom
succinic acid and not difluoromalonic acid when I was
exha&sti&ely oxidised.. Further proof of the structuxe
of II would be provided by a de-hydrofluorination
expéﬁiment. This could give rise to a nixture of
dienes (VI and VII); although it would be expeeted that
viI, being;conjugéted, ﬁould be present in greater propor-
tion then VI. Separation of these followed by oxidations
would give rise to one known perfluoro~dibasie acid in
each case..
It is obvious that several stereoisomers: of I would

be capable of existence, and the determination of an actual



configuration Qouid be a very difficult task. If,
however,.one such compound could be fully characterised
then a knowledge of its reactions, notably de-hydro-
hélogenations, might lead to some rules regarding group
types which would be of great assistance in the
determination of the configurations of other like

compounds.

2T,



TABLE 1

Formula of

Pt,

B.Pt,

Refractive

M s . .
Gompound (bC.) (0.3 Index ?ngéf i Mode of Preparation Yield Ref'erence
2L~26 76+9-770 - Fluorination of 0=ClCgH) | 17% [LINDGREN AND McEEE, U.S. Pat.
with either AgF, or 2,480,081; Am.C.A. 1950, Lk,
MrE at 118-32396, 2020g.
'Fluorination of 0801 F10 McBEE, ROBB AND LIGETT, U,S, Pat.
with C&F) at 4 0°€. 2,493,008; Am.C.A. 1950, Ll
5575Db. .
CEC1F, 4 Fluorination of C Clé with STILMAR, U,.S, Pat, 2,553;217; Am,
SbFg at 100~30 oCs C.A. 1951, 45, 9079d.
5031 79 :4=80:1/ ngo 1 +301 Fluorination of GgH.Cl and TATLOW AND WORTHINGTON, J,C.S.,
250 mm. 0-C1CgH, With CoF3 at | 16% |1952, 1251.
35008, ~
28 78+14~78+6 Chlorination.of Gy F,, at | L6% | BARLOW AND TATLOW, ibid., 4695.
| 600-650°C. : '
|
12-1l  [107+5-107-7 n%o 13413 | 179 \Fluorination of 0-Cl,CgHy | 5% [LINDGREN AND McBEE, loc. cit.
| with AgF, or MnF3
CeCLF, o 18 4520 108+0 n20 1.338 |Photochlorination of CgFyo 62% |TATLOW AND WORTHINGTON, loc. cit.
é BRICE AND SIMONS, J.A.C.S., 1951,
‘Fluorination of CgClg with STILMAR, loc. cit.
-+ 8bF5 at 100-300°C.
| |
39U 109+6~110+2/ ng5 1332 Fluorination of o-ClyCgH) | 16% | TATLOW AND WORTHINGTON, loc. cit.
756 mm. _ | with CoF3
36-37 108-109/752 nk5 14331 N ,
i D Photochlorination of CgF,q 56% | Idem, ibid.




TABLE 1 Ceontd)

Formula of M.Pt. B,Pt, Refractive |Densit ' : cara |
Compound (OC.S .(OC.) " Index . (259G, | Mode of Preparation Yield Reference .
P 144=-1048 . Fluorination of Cgclé LINDGREN AND McBEE, loc. cite
' with PbF) at 300°
 Fluorination of CeClc with| [McBEE, ROBB AND LIGETT, U.S. Pat.
. 53750,
|
0601 ¥ Fluorination of 06016 with McBEE et al, Natl. Nuclear Energy
59 SbFg at 150°C. ' Serv., Div., VII, 1, Ppn,, Props.,
) and Technol, of F., and Org. Fluoro
Cmpds .y 1951 ' 783-8; An’l. C. A. &é,
7987g.
32+5=33+5| 140+7=141+2/ n§5 13630 Fluorination of o-ClBCéH_ TATLOW AND WORTHINGTON, loc. cit.
75+8 mm, with CoF3 at 3500C,
CgClFe =96 . | Fluorination of €gClg (in jsmall | BIGELOW AND PEARSON, J.A.C.Sa, 193,
Cclh) with elementary 56, 2773.
CgH CL F) 79-80 - Chlorination of 1,2,45~ bmall | FINGER et al, ibid., 1951, 73, 1L5.
C6thl7F 243-215 , : Photechlorination of . T. van der LINDEN, Rec. trav, chim:;
_ ' CelisF at room temp, 1936, 55, 282,
CgHiClgF 112-117 5/, nl9 15440 Photochlorination of | 1dem, ibvia.
: 0+5-0+6 mm, C6H5F at room temp.
06H1001F 138.2 _ n%o 14382 luorination of 1-0106H9 LO% CUTHBERTSON AND MUSGRAVE, To.be
with HF in presence - published in J. Appl. Chem,
of, and in absence of, '
catal¥sts (A1C15, BFs,
SnGlLL




[ABLE 1 (contd)

Formula of | = M.Pt, B, Pt, Refractive | Densit; Mode of Preparation Yield Reference
Compound (oc,) (°c.) - Index (250C, P
C_CIF Fluorination of c (CF McBEE et al, op. cit.
679 with SbF_ at 1
| -’
: o - -
~70 112+5=113 5/ ngo 13748 | 14719 Fluorination of CCl g With 5% Mc BEE, LINDGREN AND LIGETT, Ind.
750 mm, - BiF,, followed®bySsbr, Eng. Chem., 1947, 39, 378;.
. trefltment and McBEE, LIGETT AND LINDGREN, .
' subsequent dehalogena-— U.S.. Pat. 2,586,36L; Am, C A,
tion with Zn/EtOH, 1952, L6, 8675d- .LIGETT, McBEE
| iINDGREN U.S.,Pat.
| 509,156 Am. C.A, 1950, L,
| 75726.
CéﬂzFé 111=-113/ - Fluorination og 06016 with McBEE, WISEMAN AND WISEMAN Ind.
749 mm, : i SbF5 at 100 Eng. Chem., 1947, 39, u15.
42% McBBE AND WISEMAN, U.S, Pat.
us9 783, AniC.A. 1949, L3,
l Bé |
Fluorination of c, Cl (CF,) | 87% | McBEE et al, op. cit.
. with SbF at 180-360°4,
N _
2 | , ﬁ
60 3 2 -76 145 +5/750 mm. nnO 14013 | 1774 ¥luorination of C Clg with |2¢5% | McBEE, LINDGREN AND LIGETT, loc. cit.
’ BrF, (as above§. ,
E LIGETT, McBEE AND LINDGREN, loc. cit.
CgCLgF 113=114 - Eluorination of C.Cl, (in ' | BIGELOW AND PEARSON, loc. cit.
L ! CClu with ele en tary
!
CgCLF =60~ =65 88-89/ . n2° 1.3560 | 1 6 l ith - :
6¥7 p 135 033 luorination,of CcClg with | &g McBEE, LINDGREN AND LIGETT, loc. cit.
740 mm, l Brfs, ete.
| LIGETT, McBEE.AND LINDGREN U,S. Pat,
. 2 u98 891; Am. C,A, 1950 L, 45004,
Dehalogenation of 06012F8 _ WcBEE LIGETT AND LINDGREN U.S, Pat.
Cec1- 5B mixtures with 2,586, 36L.
Zn + EtOH '




TABLE 1 (contd)

Formula of M.Pt, B, Pt, Refractive Dengit .
Compound tog, 3 (6g, ) Tndex (2580.¥ i Mode of Preparation Yield Reference
06012F6 ~25= =30 119-12Q/5 n20 14030 1656 Fluorination of 06016 lf% See refs, for 06012F8;
_ ' 750 mme D 3 ; ; with'BrF3 etc. 06C1F7.
" 20 ,, . e g3 _ . -
060}3F5 0-5 15?;&5;4; ny 1e4466 | 1+692 Fluorination. of C.Clg 2% Refs, as for CeCLl, Fee

.with BrF3,
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, Chagd‘.er][
(1) Discussion of the Experimental Work
and the Results.

(i1) Theoreticsl Considerations.




DISCUSSION

Vapour-phase reactions between elementary fluorine
end organic compounds can be moderated quite success-
fully by allowing the reactants to combine within the
meshes of a metal packing. Very little is known as
to the exact nature of the changes which occur in such
-a process, but, unless the metal fluorides formed téke
part in the reaction, the moderating effect appears to
be due to the rﬁpid;conduetion of heat away from the
reaction zone, and the breaking up of atomic chain reactions.
By analogy, the vapour-phase reactions between chlorine
trifluoride and benzene have been moderated by
employing thiéateehnique. |

SOWLER AND MUSGRAVE (loc. cit.) made preliminexny
experiﬁents using an apparatus based on that described
by MUSGRAVE AND SMITH (J.C.S., 1949, 3021). The
chlorine trifluoride and the bengene were diluted with
nitroggn, preheated, and led into opposite sides of a
heated metal tube provided with a-baffle plate and
packed with copper clippings. A smooth reaction ensued,
and the products were condensed out of the issuing gas

stream into cooled brass traps. In order to determine
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which set: of conditions would give the léast complex,

eand therefore most easily separable product, twenty runs
were cerried out in which the ratio of chlorine trifluoride
t0 benzene was varled between the limits 0.17 mole to

5.0 moles, and the temperature of the reactor from 100 to
25000. For each set of conditions approximately 100 gms.
of product were collected, and then distilled through

a 20=plate column packed with glass helices. The
distillation curves obtained showed that very little
separation was being achieved, but that as the above
halogenation ratio increased the amounts of material boiling
below 85°C. decreased, whilst the amounts of high boiling
material increased. 'Halogen analyses carried out on
boiling fractions showed that both chlorine end fluorine
were present in the prodﬁcisa In 6rder 1o improve

the separations a concentric—-tube distillation column:

was constructed, and a further 130 mls. of produet
prepared at a halogenation ratio of 2.1:1 and a reactor
temperature of 250901,;which conditions had been found

to0 produce a relatively simble mixture containing less
than one fifth unchanged: benzene, However, Sowler

did not attempt the distillation of the mixture;, but

abandoned the work at this stage. The present inﬁestigation
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began with this operation in order to determine whether
a separation could be achieved. by the most powerful
means then available in our laboratory.

Unknown mixtures are most profitably examined
snalytically in a column of the order of 100 theoretical
plates; the resultis of such an investigation then
indicate the use of a less efficient, more productive
column for further work. This adequate fractionating
efficiency, however, must be coupled with a small holidup
s0 that sharp separations of components present only in
small proportion can be achieved. The concentrie-tube
column available was, thereforé, admirable for the
analytical distillation of Sowler's reaction mixture.

It was of the NARAGON-LEWIS type (Ind. Eng. Chem., #nal.
EQ.,.1946, 18, 448)” with an efficienqy at atmospheric
pressﬁre end total reflux of 60 theoretical plates, and
a holdup of approximastely 1 ml.

The distillation curve obtained is shown in
DIAGRAM 1 , and indicates that quite a considerable
degree of separation was achieved. The analyses which

were carried out on supposed "flglsm (DABIE 2 ), however,

showed that some azeotrope formation was taking place..

This was not surprising because from the very nature
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_I1ABLE 2

Analyses of Distillation "Flats" from Sowler's Reaction Product

Fﬁi? %°gf3 ng? (?ogid) (f?ugd) M?%Buggi (a§§£§§ Remarks
1 781 1 L1555 61 3243 100 1:9.9 Material con-
_ tained benzene
2 81 .2 14852 negligible 1419 86 - Material con-
) tained bhengzene
109-111 1+3715 155 12416 271 1:5
L 127 14025 22 +1 L7+6 263 1:4
Matefial boiling between 130 and 155°C 1lost due to an accident overnight
5 155;O 1 4037 3878 5240 292 13155
6 163 <5 14203 2343 1u-{6 265 1:1.+14
7 76/22 mm, 140653 L1 o 264 270 1:0-83

The analyses wére carried out by the method of BELCHER et al (Mikrochim,
Acta, 1953, 3, 283;

ibid., 1954, L, 104)
Cl analyses for flats 1 and 2.

except in the case of the
These were carried out argentometrically.

I¢
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of the reaction between chlorine trifluoride and benzene
at. elevated temperatures it was expected that compounds
with similar structures and close boiling points would
be formed, and also this phenomenon is a well-known
dfawback to .the separation of fluorinated mixtures by
fractional distillation (see EVANS AND TATLOW, J.C.S.,
1955, 118Y4; FEAR AND THROWER, J. Appl. Chem., 1955, 5, 353).
However, it was decided to prepare litre quantities of
chlorofluorinated material, and separate out either pure
compounds or azeotropic mixtures in amounts suitable for
investigation by chemical means; |

Before proceeding with this, the type of colﬁmn to
be used-in the separation had to be chosen. The analytical
distillatidn graph indicated that certain materials were
present only in small_proportion,'so that even with a
large volume of product the.holdup of the column must
be kept below 10 mls. in order to achieve the sharpest
possible separation. An efficiency of sixty theofetical
plates at total reflux appeared adequate. A search of
the literature revealed that the holdnp of any packed
column with an efficiency of sixty plates would be greater
than 25 mls., the actual value depending on the type of

pécking and the throughput employed, so the choice was
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limited to the following three types of column s
concentric-tube, .rotating concentric-tube and spinning;
band. Some relevant operating characteristics for these

are given belows-

Through- H.E.T.P .Holdup for an
Type of column put Ecﬁs.). efficiency of
(mls./min, ) * 60 plates (mls.)
1 Concentric-tube ~1.53% 0.4 A O
2|{Rotating: concentric~
tube 17.0: 1.6 6
3|Spinning band 4.0 25 0.8

After a consideration of the technieal difficulties,
which included the prevention of attack on metal portions
by any halogen hydracids: split off from chlorofluorinated
| ﬁaterial-on distilligtion and the operatinmn of the

columns at reduced pressure, if a column of type 2 or 3
was selected, together with the fact that a considerable
Itime would havée to be spen¥ In acquiring the necessary
operating technique, it was decided to use the concentric-
tube types. In order to compensate somewhat for the:

small throughput two such columns were constructed so that

the chlorofluorinated materigl could be divided between

them and the digtillation time halved. This also




ensured against total loss of material of a certain
composition through accident.

Information was not forthcoming from the literature
regarding the operating characteristics of concenmtric-tube
type columhs at reduced pressure, and since g qonsiderable
portion of chlorofluorinated material was high boiling
it was necessary to be certain that the efficiencies of
the columns were still superiorto other types of column
under all conditions. .4 suitable tesf.mixtufe was not
available, end one had to be developed which consisted
of methyl benzoate and methyl caprylate. By this means
it was found that the efficlencies of the concentric-tube
columns decreased by 50% when the operating pressure was
reduced from 760 to SO*Qm. of mercury.. (This work is
described in CHAPTER VIL of this: thesis).

The origingl apparatus used by Musgrave and Sowler
was mbdifie&, thé benzene feed being replaced with one
of a;much.superior design, and a "cool flame" concentric-—
tube burner used instead of a baffle plate. Trial rwms:
were carried out to determine optimum operating:eonditions,,
and then two large runs completed for which the details:
are summariseed below, Run 1 duplicated Sowler's last

run. The products were dense, pale yellow, somewhat

4o
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No No

ClF:s . Reactor| . _ % %
diln. of]| diln. of Product| Product] 7% Cl F
CéHe CeHg reactants ggmp, (gms.)| (mls.) (Found“ (Found)

(mole) (1/mole)| (1/mole) to
1.9 16,1 96.6 | 260 |2,090 [1533 36.1 | 36.5
6.5 36,6 | 219.6 260 |1,625 | 903 - -

lachrymatory liquids. Assuming that the reaction between
chlorine trifluoride and benzene in the vapour phase
involves the addition of halogen to the double bonds
followed by substiiution of hydrogen by halogen, it is:
obvious that Run 1 product would be expected to contain
some compounds containing hydrogen, whilst the Run 2
product should consisf of fully halogenated.qupounds.
Both reéeiion mixtures were split up into‘boiiing
fractions of a size suitable for the concentric~tube

columns to handle, but time has only allowed for the:

fractions from Run 1 to be further rectified by means

of the concentric-tube columns, The atmospheric pressure
distillation curve is shown in DIAGRAM 1 for comparison
with the analytical.cﬁrve. Halogen'analyses were:
carried out on samples from the seventeen: distillation.
"flats" and it appeared from the results of these (T4BLE 9 ,
p. Il ) that some were single substances while others

were azeotropic mixtures. After carrying out seversl




- experiments (hydrogenation, de-hydrohalogenation end
oxidation) on a supposed pure compound, however, it was
concluded that the analytical figures were fortuitous,
and that all the distillation "flats" were mixtures. At
this stage the techniques and uses of gas chromatography
were becoming known, and a gas-liquid partition
chromatography apparatus was built in our.laboratory. It
was used to analyse the distillation "flats" and
discovere@ that all except one were mixtures, the number
of components being as high as four in some cases..
Following this, large-scale gas chromatographic
éeparations were attempted on the first eight distillation
"flats", and thé following compounds isolated:-
dichlorodecafluorocyclohexanes., dichlorononafluorogxg;gp
hexanes, trichlorononafluorocyclohexanes, dichlorodcta-
fluorogcyclohexane, dichloroheptafluorogyclohexane,
chloropentafluorogcyclohexane, monochlorohenzene and
monochlorofluorobenzenes. Distillation "flat" XII
analysed to a dichloropentafluorocyclohexane. Each of
these'wili-be diécussed separately. Owing to high and
unavoidable losses of material during the distillations
the above compounds were only obtained in smell emounts,

g0 it was not possible to proceed with structure

36
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determinations.. However, the ways in which these
would have been carried out if materisl had been
avéilable are indicated.

Dichlorodecafluorocyclohexenes

Distillation of the reaction product afforded an
azeotrope (flat I), b.pt. 79.500., Which was separated
by large-scale gas chromatography into benzene (90%
by weight of total flat material), end two fractioﬁs
whi¢h both analysed t°-°6°12F10f The first, and largest.
of these, had the following physical constantss-  m.pt.
15-25%. , b.pt. 110.5°C./747 mn., 050 1.3385. The
melting range indicates that it is an isomeric mixture.
Catalytic hydrogenation at room tempergture and atmospheric:
pressure. resulted in the replacement of 36.5% of the
available chiorine by hydroéen, but.negligibie fluofine.
The matefial did not react with alcoholic potassium
hydroxide at room temperature. No other reactions
were attempted because of lack of material. Since
the second dichlorodecafluorocyclohexane fraction was
only obtained in very small amount, only a halogen.
analysis, molecular weight determination and a refractive
index measurement (ngo 1.3420) were made. Below are

given the physical constants reported in the literature



38.

for 1l:2-dichlorodecafluorocyclohexane and also mixtures

of this compound-with some of its isomers.

Material M.Pt.(oc.) B.Pt. (°c.) | n; : Authors
1:2-dichloro- 18.5=20 108.0 1.33820 BRICE AND
decafluoro- SIMONS (loc.
cyclohexane cit. )

" 36-37 |108-109/752mm. 1.331%2 |rarIOW AND
WORTHINGTON
(loc. cit.)

Isomeric 3941 109-110.2 1.33245 Idem, ibid.
Mixture .

O LINDGREN AND
McBEE (loc.
cit,) S

" 1014 [107.5-107.7 | 1.34132

Severai 1ines.of invéstigations are available which .
will eﬁable information regarding the number of isomers
present in the two 06012F10 fractions,and their structures, .
to be.obtained'by-fuxure workers. Firstly, separations
should be attempted using gas chromatogfaphy columns with
different packings and if these afe successful then the
course of Reaction Scheme (ii) should be followed. After
each stage separations should be attempted by means of

fractional distillation and/or gas chromatography, the

latter techniqhe being preferable. Oxidations of the

fluorocyclohexenes or perfluorocxclbhexadienes to known
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perfluoro dibasic acids would thén complete the
investigation. ROYLANCE, TATLOW AND WORTHINGTON (loc.

cit.) used this technigue to prove that the dichlorodecafluoro-
cyclohexane, which they obtained by passing o-dichlorobenzene
over heated cobaltic fluoride, was an isomeric mixture,
-whilst EVANS AND TATLOW have carried out both the partial
(5.C.S., 1955, 1184) and exhaustive (J.C.S., 1954, 3779)
de-hydrofluorinations of 1lH:3H-decafluorogcyclohexane,

The partial reaction afforded a mixture of 3H- and LH-
nonafluorocyclohexenes which were separated by gas
chromatography, and the exhaustive reaction gave a

mixture of octafluofogxglghexa-l:B- and -1l:y~dienes

which weré separated by fractional distillation.

Material analysing to CéHCle9 was obtained from
distillation "flats" II (b.pt. 81.0°C.), III (b.pt. 109-
110,0°c.), V (b.pt. 118,0°C.), VI (b.pt. 121.0°C.) and
VII (bepte 124.0°C.).

"Flat" II was a benzene azeotrope (containing 90%
by weight C6H6), and complete separation of the
dichlorononafluorocyclohexane by gas chromatography with
a "diﬁonyl“ phthalate-Kieselguhr packing was impossible,

Thus only a halogen analysis was carried out on this material.



4T ..

"Flat" III was separated into two fractions which
analysed to dichlorononafluorocyclohexane (b.pt. 110.0°C;
ngo‘= 1,3610) and dichloro8ctafluorocyclohexane
(o.pt. 108.0°C; n%ojl.3700) respectively., The analytical '
"peak! for the dichlorononafluorogcyclohexane had the
same nitrogen retention volume as the dichlorononafluoro-
cyclohexane "peak" of flat II. The results of the
hydrogenations of the "flat" IIIX C6HCI2F9_material
indicate that, given sufficient time and with a nore
active cafalyst than the 5% palladium carbon used, both
chlorine atoms, and also two oé moré fluorine atoms,
can be completely replaced by hydrogen. Reaction with
bromine and also iodine monochloride resulted in
cbnsidérablé“replacemént of the hydrogen atom. Infra-
red measurements supported the éonclusion that the material
-contained hydrogen but no double bond structures .
Treatment of the matefial with aléoholic ﬁotassium
hydréxiée at.room temperature effected the elimination of

18% of the available fluorine and 1.0% of the asvallable

_.chlorine as halogen hydracids. De-hydrohalogenation
to a lesser extent could also be brought about by dilute

aqueous sodium hydroxide (N/10), and this phenomenon, which

occurred with all the hydrogen-containing chlorofluoro-
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cyclohexanes isolated, added further complications to
the interpretation of the results from the hydrogenation
experiments. |

ROYLANCE, TATLOW AND WORTHINGTON (loc. cit.) found
that the dibromo-addition produect of lH-nonafluorocyclo-
hexene lost both bromine and fluorine from the -CBrF-
grouping on treatment with agueous potassium hydfoxide
at room temperature. Since a hegligible amount of
chlorine was removed from the dichlorononafluorocyclohexane
by such treatment it is most probable that the grouping
~CC1¥F-~ is not adjacent to a —éH- grouping, and one or

both of the following structures may be present.

-CF ,~CHF-CF

2

Lack of material again made it impossible to carry out

a full investigation into the isomeric nature of the
material and the actual structures present. The method
of approach would have been similar to that describéd for
the dichlorodecafluorocyclohexanes,

"Flats" V, VI and VII contained different proportions
of dichlorononafluorocyclohexane material, but absolute
separations were not achieved in any case. Analytical
figures indicated that the material (b.pt. 122.0-122,7°C.;

n%o I-3551 ) from "flat" V was the most pure, and experiments
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were carried out on thise. Hydrogepation did not effect
the replacement of either chlorine or fluorine télthe
same extent found for the dichlorononafluorocyclohexane
material from "flat"III; neither did bromination or
reaction with iodine monochloride proceed to the same

extent. De-hydrohalogenation at room temperature,

-however, resulted in the elimination of 21.3% of the

available chlorine and 28,5% of the available fluorine,

the reaction mixturg darkening considerably. This

cannot be explained totally by the mechanism suggested

by ROYLANCE, TATLOW AND WORTHINGTON (loc. cit.) because

one hydrogen atom in the molecule is not sufficient for

the above éuantity of halogen to be eliminated as hydracid:
Thus it must be postulated that simple replacement of

halogen by hydroxyl can also occur via Sy 1 or Sy 2 mechanisms;
On refluxing a de-hydrohalogenation mixture for six

hours elimination of 37.1% chlorine and 58;6% fluorine

occurred,

A tedious gas-chromatdgraphic procedure, in which
fractions were recirculated several times, led to the
isolatfon of a material (b.pt. 128.5°C.; n30 1,3733)

analysing to 06013F9 from distillation "flat" VIII



(b.pt. 129°C.). Evidence that this was an isomeric
mixture was obtained when the cold trap in which the
fraction had been condensed was allowed to warm up.
The major portion was liquid, but a small amount of
solid materisl, which did not melt at 26°C., was found
on the sides of the trap. A sufficient amount could
not be recovered for purification and analysis,
TATLOW AND WORTHINGTON (loc. cit,) obtaiﬁed small yields
of trichlorononafluorocxciohexane by the action of
cobaltic fluoride on o-dichlorobenzene, and quote the
following physical eonstants for the material s— m.pt.
32.5-33.5°C, b.pt. 140.7-141.2/756 mm, nj’ 1.363.
Catalytic nydrogenation at room temperature
effected the replacement of 29.3%% of the available
chlorine end a small amount of fluorine (4.2%) by
hydrogen; no double bond structures were detected. No
reaction occurred-with bromine, iodine monochloride or
alcoholic potassium hydroxidé (at room temperature).
wWhen the de-hydrohalbgenation mixture was refluxed for
eight hours, however, 45.3% of the available chlorine
énd 51,0% of the available‘fluorine were hydrolysed off
with considerable darkening of the reaction mixture.

Infra-red analysis confirmed that the material did not
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contain hydrogen or double-bond siructures.

It should be possible to determine the isomeric
nature of this material and the structures present
by means of reduétion with lithium aluminium hydride,
followed by de-=hydrofluorination of the products, and
oxildations of the unsaturated perfluoro compounds so
obtained, It is interesting to note that two of the
six possible structural isomers of C6CI3F9 should give
rise to perfluordbenzene if treated so (see Reaction
Scheme (iii)). In the case of an isomer with structure
b it might be expected that dienes ¢, 4, and. e‘
would accompany the perfluorobenzene, since BUXTON AND
TATLOW (J.C.S., 1954, 1177) found that hydrogen fluoride
is.prefergntially eliminated from the two adjacent ~CHF~-
groups of 1H:2H-hexafluorogyclobutane.. This might not
be the case with fluorohydroearbons with a different
ring size, and espeeially with III since the aromatic.
product should be more stable than the dienes and so

formed preferentially.

Dichlordttafluorocyclohexane was the second
component of distillation "flat" III. The physical constants:

of the matérial isolated were:~ b.pt. 107.8-108,000.,
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ngo' 1.3700.. The presence of 10% unsaturation was:
indicated by catalytic hydrogenation, which also effected
the replacement of 35% of the available chlorine by
halogen.. Infra-red énaiysis also indicated the

presence of unsaturation in the material. Thé
explanation of this, and also the low halogen analysis
(see TABLE I0), could be that the dichloro8ctafluoro-
cyclohexane was contaminated with some nonene originating
from slow decomposition of the "dinonyl" phthalate,,

which was used as column liquid in the gas chromatographiec:
separation of "flgt" III, into nonene and phthalic
anhydride. ihe latter compound was found in the cool
outlet tubes of ﬁhe ".large-scale column. De-
hydfohalogenation at room temperature.resulted in: the
removal of 12.8% of the available chlorine end 48% of the
available fluorine from the molecule. 4s in thelcase of
tﬁe dichlorondnafluorogxg;ghexane from flat V, this .
amount. of halogen could not have been eliminated in the
form of halogen hydracids.

Dichloroheptafluorocyclohexane (p,pt. 114.090.;'n§° 1.3796)

This formed an azeotrope (distillation "flat" IV,

b.pt. 117°C.) with monochleropentafluorocyclohexane..
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Cétalytic hydrogenation effected the replacement of
chlorine (38% of that available) by hydrogen, but. no
Ifluorine, ana indieated that. the maférial was
saturated. Room temperature de-hydrohalogenation
effected the removal of chlérine (8.0%4) and fluorine
(19.7%) 5. Pres umébly as hydracids. Infra-red analysis:
confifmed the presence of hydrogen in. the molecule,,

buﬁ no double bond structures. Further investigations
were not carried out, but they need to take the course
indicated for the dichlorodecafluorogcyclohexanes.

Dichloropeniafluorocyclohexane

Distillation "flat™ XIT (b.pte. 157°C.; n12)° 1.3957)

enalysed to a Cl:F ratio of 2:5, and the molecular
weighxlfound was 243. Sinné analytical gas chromatograms:
showed only one "peak" it is tentatively suégeste@.that
this material.is'a dichloropentafluorocyclohexane or a
mixture of its isomers.. Catalytic hydrogenation |
resulted in the replacement of both chlorine and fluorine
b& hydrogen, and indicated that 10% unssturation

‘existed in the materisal. Furthe£ proof of the constitu=-
tion. of the meterial needs obtaining by mesns of large-

scale gas chromatography.
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Monochloropentafluorocyclohexsne (b.pt. 114.5°C.; n%o 1.3608)

This was the second component of distillation "flat" IV,
Cétalytic hydrogenation resulted in the replacement'of both
chlorine (24.3%) and a small amount of fluorine (3.1%) by
hydrogen. No indication of any unsaturation was given, _
and this was confirmed by infra-red measurements which also
showed that this material contained far more hydrogen
than the other cyclohexane derivafives which were examined;
The material only reacted slightly with bromine and iodine
monochloride,.but;de—hydrohalogenation at room temperature
resulted in the elimination of 36.3% of the availsable
fluorine and 19.5% of the available chlorine. .

If this compound was not formed by the addition of
halogen hydracid to a halo-gyclohexene or -gyclohexadiene
intermediate in the reaction between chlorine trifluoride
and benzene, then one hydrogen atom must be attached to each
carbon atom, and there is only one possible structure for

the molecule, namely:-
. cl

HF WF

HF HF

. WF
Exhaustive de-hydrohalogenation should lead to a mixture of

isomeric chlorodifluorobenzenes and isomeric trifluorobenzenes.

ghlorobenzene

This compound was only present in very small amount
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in the reaction product, .and its isolation and
characterisation present a big achievement, The purest
sample was obtained from distillation "flat" VII
although it is apparent from a study of the'analytical
data shbwn in TABLE 10 p, 2, and the hydrogenation data
in TABLES Il ana I3, thaf it was also present in
"flats" V and VI; The physical constants of the material
from flat VII were:- b.pt. 131,0°C/76l mm., n20 1.5158;
those quoted in the literature for chlorobenzene are:-
b.pt. 132°C; n30 1,5248. Nitration of 0.5 gms. of the
suspected chlorobenzene yielded a sample of
2:L-dinitrochlorobenzene, which appeared from its
m.pt. to be mostly of the B wvariety. This was then
reacted with aniline to produce 2:4-dinitrodiphenylamine, the
m.pt. of which agreéd exactly with that quoted in the
literature.
Chlorofluorcbenzenes

Distillation "flat" VIII was very complex material,
and, besides trichlorononafluorocyclohexanes ("peak" 1),
a sample was isolated from "peak" L which analysed exactly
to chlorofluorobenzene. -The physical constants of
the material, -however, did not agree with any of those

quoted for o-, m-, or p-chlorofluorobenzene (see 1list



below), and it was decided that it was most probably
g mixture of m- and p-isomers.
Meterigl from reaction product +-b.pt. 129.7,
n20 1.4920.

o-chlorofluorobenzerne t-b.pt. 137.600, n%Q 1.4968.

m=chlorofluorobenzene s-b,pt. 128.000, n%7 1.4910.

p-chlorofluorobenzene :—b.pt.-l30.000; n%o 1.4965.

The results of a catalytic hydrogenatign were almost
identical with those obtained when an authentic
speeimen'of-p-chlorofluorobenzené was hydrogenated under
the same conditions, so it was decided to identify the
presence of p-chlorofluorobenzene by hydrolysing the
sampie with sodium methylate and preparing suitable
deiivatives of the resulting p-ehlorophehol.. This was:
first carried out on an authentic specimen of
p-chlorofluorobenzene, a good yield of p-chlorophenol
was obtained‘and a benzoyl and dibromé derivative
prepared'which had physical properties corresponding to
those reported in the literature. When the same
procedure was carried through using the suspected m- and
p-chloroflﬁorobenzene nixture, however, the product
showed the properties of a mixture which contained some

phenolic constituent. No derivatives could be isolated,,

5T
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although qualitative ﬁﬂenol tests were positive. Infra-
red analysis was resorted to, and the spectrogram obtained
showed tﬁat the material from “flat" VIII contained o-,

m=- and p-chlorofluorobenzenes.' It is apparent now

that the mixture of isomers should have been distilled
through a concentric-tube column when at least a
separation of the o~ from the m- and p-chlorofluoropenzenes
would have been achieved in the absence of azeotrope
formation.

No attempt was made during the preparation of the
chlorofluorinated mixture.to trap any very low boiling
breakdown producté which might have been formed. This
would have been a difficult proposition because almost |
thirty litres of nitrogen were passing through the spparatus
perlhour. In future runs, however, if an efficient pot-
assium fluoride trap, followed by & train of glass traps
cooled in liguid nitrogen; is attached to the outlet
of the last brass trap on the'chlorofluorination_apparatus;
a large proportion of an& low boiling products should be
trapped. Distillation of the material through a low-
temperature column can then be carried out. |

The gas chrométogram for the material (b.pt.5806-79.0°C.)
which distilled prier to "flat" I showed that benzene,
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dichlorodecafluorquglghexanes and several other components
were present. A large-scale sepération was attémpted,
and the material split into three fractions (see DIAGRAM 25,
p.i37. The first consisted of 0.5 gms. of highly
volatile material with refractive index 1.3170 (n%o). A
halogen analysis was not obtained because the bomb
containing the only available sample "blew"'. The second
fraction contained the two dichlorodeéaflubrogxg;ghexane
"peaks" shown by distillation "flat" I. It analysed to
a CL:F (atom) ratio of 1:8, and had a refractive index
of 1.3305 (ngo). The third fraction was benzene,

The distillation curve for the reaction product from
Chlorofluorination Run 1 indicated that, unless involved
in the azeotropes "flat" I or "flat" II, fluorobenzene
was not present (see CHAPTER Bf); _'Analytical gas
chromatograms.showed_no sign of a fluorobenzene peak for
either distillation "flat" I or II. If it was present in
very small amount, however, this would be expected from_.a
consideration of the shape of the chromatogram obtained for
a benzene-fluorobenzene mixture with a "dinonyl" phthalate-kies
selguhr columm packing. Thus any fluoiobenzené would
have been condensed into the benzene traps during the
large-~scale separations,so the material from these was
teken and investigated by the nitration method described
by FEAR AND THROWER (J. Appl. Chem., 1955, 5, 353).
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Any fluorobenzene present would have been converted to 2:4-
dinitrophenol via 2:4~dinitrofluorobenzene, but no phenolic
material was isolated or even recognised in the products
from the reactions. |

It is obvious that a tremendous amount of work remains
to be done before the reaction product from Run 1 is fully
solved. In future, however, workers need not carry out
such a tedious distillation prior to the gas-cﬁromafographic
separations but use a distillation column which is more
productive; though less efficient, than the concentric-tube
type to split the product up into appropriate boiling
ranges only.,. The higher boiling fractions will need the
development of suitable high-temperature packihgs fér the
gas-chromatographic separations, and since "dinoﬁyl"
phthalate is liable to cause contamination of fractions through'
its decomposition, the low-temperature separations recorded
in this thesis might be carried out with different packings
to advantage. Once completed, however, the solution
of Run No. 2, which, from a'study of thg preliminary
distillation graphs, appears to be less complex, should

be a relatively simple matter.



THEORETICAL CONSIDERATIONS

Depending on the conditions employed any halogen

may react with an organic compound to form either

55

substitution or eddition products. Substitution occurs .

via an ionic, carrier-catalysed mechanism, while
addition is due to light- and heat- catalysed forma-
tions of atomic halogen. Considering then the direct
chlorination of benzene, the followirig two reactions
can occuri-

1) substitution via an ionic mechanism

017=2052 c1* 4 Pecl]

CI (]
Qo= <

Chlorobenzene

2)  Addition via an atomic mechanism

Clé heat, light

@ + o1 — Oc' ©§..+c1

ultimgtely , GSHGCIG benzene hexachloride

> 201

Direet fluorination of benzene, however, only occurs via
atomic and free radicel processes because fluorine ism

the most eleectronegative element and it is extremely
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difficult to remove ah electron from a fluorine atom to

form a positive ion Ft, The products of the reaction are
CFys CFgr CFg, C\F1gs CoFigs CgF1ps Ol amd CppFy,
(FUKUHARA AND BIGELOW, J.A.C.S., 1941, 63, 2792). These are
forméd through addition of fluorine to the double bonds
followed by substitution, fragmentation and polyﬁerisation.
The initial step-wise addition reactions to an aromatic
nucleus were demonstrated by BIGELOW, THOMPSON AND TARRANT
(Ind. Eng. Chem., 1947; 39, 360) through a study of the
direct fluorination of 4-chloro-l,3~bis-(trifluoromethyl)-
benzene, which mas'a highly deactivated nucleus, The
progressive products isolated were CéH301F2(0F3)2, 06H301FM(CF3)2
and 06H301F6(CF3)2. Further fluorination resulted in the
substitution of the chlorine then the hydrogen by fluorine,
and, finally, fragmentation and polymerisation.

The reaction between chlorine trifluoride and benzene
in the liguid phase required a mechanism which explained
the formation of chlorolenzene and fluorobenzene; together
with small amounts of addition products and diphenyls.
The following reaction mechanisms were postulated by ELLIS
(Ph.D. thesis, Durham, 1952; see also ELLIS AND MUSGRAVE

loc. cit.)sw

(1) ClFB——901F+F'++F
uncatalysed

(11) ClHe + F* —> chSF + B
experiment

(i) #Y + F —> HF ]
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(iv)  CI1F, + 200F, ——> C1F + 2CoF. )
3 2 3 catal
_ - . + ysed
(v) CoFy + OClFy —_— CoF) + CIF + F
followed by (ii) above and . experiment
(vi) B+ CoF —> HF + CoF
_ . N
(vii) C}F | > o1 + P uncatalysed
+
(viii) CHg + €17 — CGH C1 + H experiment
followed by (iii) above
. . +
(ix) C1IF + CoF3 —> 017 + COF catalysed
followed by (viii) and (vi) above experiment

(x) @+F———)©———-—) o+ F
(x1) F..@ v =LYy om

(xi1} c1© f P — 01.©- + HF

(x11) 7 Yo + ..Q-ci —> Fl

Although the formation of an F* ion was postulated originally
to account for the formatioﬂ of fluorobenzene from benzene;
it -later became essential to explain directive influences

in the cobaltous fluoride - catalysed, 1fguid-phase reactions
beteeen chlorine trifluoride eand benzene homologues and
helo-benzenes. In the catalysed experiments this formation
seems feasible, but in the uncatalysed benzene experiment is

more doﬁbtful, and a mechanism of the following type would

be more acceptable.
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a) ClF; —» CIF + F° + F’

b) -~ CgH + F — Cgg® + HF

c) Cgg* + CIF —> CgHC1 + F* or
CHsF  + c1’

a) CgHg® + P’ — CgHoF

e) ' CgHg® + 1’ —> CgHyC1

f) CgHg® + OgHg® —_> (06H5)2

g) Reactions x, xi, xii and xiii.

It can, of course, be argued that even if a atalyst was

not added as such to the reaction mixture it would be
provided by the steel reaction vessel containing the mixture.
The proof obtained by Ellis for the production of

positional isomers in the halogenations of benzene derivétives
seems good, but it would be interesting to subject, say,

his chlorofluorobenzene fraction to infra-red analysis.

‘ The vapour-phase reaction between chlorine trifluoride
and benzene must proceed entirely via atomic and free
radical processes, Only in this way can the complexity

of the reaction product be explained. Two initial

dissociations need to be postulated, namely:-

1. CIF; —> CIF + F° + F°
2, CIF —> C1° + F°

By analogy with direct chlorinations and fluorinations of
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benzene in the vapoﬁr-phase, the entities thus produced
will add on to the double bonds to produce hydrochloro-
fluorocyclohexanes. Once the initial addition (see below)

has taken place with the formation of dieneé, further

‘addition of halogen must be extremely rapid and occur

with greater ease than the preliminary addition to an
aromatic double bond,. This-would explain why, as yet,

no unsaturated products or polymeric materials have been
isolated in any amount from the reaction product. Writing

X for halogen (Cl or F), the processes involved are:-

3.
HX x .
HX
HX .
HX
WX

HX .

%

HX
WX
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Oneexample of the type of pfoduct produced finally by °
stage 3 has so far beén isolated, namely, monochloropeﬁta—
fluorocyclohexane. Further substitution of hydrogen by
chlorine and fluorine, and of ghlorine by fluorine; can
then occur in a variety of ways such that any one moleculer
formula is capable of belng represented in the reaction
mixture by numerous isomers, both structural and stereo.
It would not be expected from a consideration of the
halogenation ratio employed in Run 1 that ﬁuch total
substitution of hydrogen would occur. This is borne out
by the fact that the fully halogeﬁated products
CéClelo and 06013F9 are present only in small proportion;
and the analytical figures for azeotropes not separated
indicate that no other fully halogenated compounds are
present. _
The explanation of the formation of chiorobenéene and_'
0-, M= and p- Chlorofluorobeﬁéenes presents difficultiés;.
and a mechanism of a type suggested previously (a-f) mus

be postulated.

b @ +'F’ —— G' + HF
5. | @ v — cr
6. @ i —> @c.
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Reactions of this type would be expected to glve rise to
other chlorofluorobenzenes together with more highly
chlorinated or fluorinated benzenes, However, this
mechanism must compete with the main mechanism (3), which
can also employ halo-benzenes as sterting material, so

that poor yields of the simpler aromatic compounds only
would be expected. This agrees with the fact that up

to the present time only'chlorobenzene and chlorofluorobenzenes
have been isolated from the reaction|product; and these

in small amounts, Coﬁsidering reaction stages 5-8 it is
obvious that these could lead to the formation of diphenyls
also (see reaction stages xi; xii, xiii and f). If these
are present to any extent in the reaction product they will
be found in the higher boiling fractions which have not

yet been fully separated.
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A further source of aromatic comﬁqunds, again in
small amounts, would beJany very easily de-hydrohalogenated
hexahydrochlorofluoro-gxglghexanes; —~cyclohexenes and -cyclo-
hexadienes present in the crude reaction product. The
de~hydrohalogenations would have occurred when the crude
material was either washed w;th water and dilute sodium
carbonate solution to free it from hydrogen fluoride, or

when it was distilled. For examples=
@ ' @"

Since only traces of unsaturated compounds, if any,'have
been detected in the reaction product, and no fluorobenzenes
have been isolated, it 1s not very likely that the chloro-
benzene or chlorofluorobénzenes were produced by such
rgactions.

Summarising briefly, the main reaction between chlorine
trifluoride and benzene in the vapour phase is one of step-
wise addition of both chlorine and fluorine to the double
bénds. This is followed by a variety of substitution
reactions which give rise to a complex mixture of chloro-
fluorogig;ghexanes; Subsidiary primary substitutions also

occur to a small extent and produce aromatic halogen compounds,
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EXPERIMENTAL SECTION
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Chapter JIL

The Chlorofluorination of Bengzene in the

Yapour Phase




be

The benzene and the chlorine trifluoride, suitably
diluted ﬁith.pitrOgenw were allowed to react in a heated
wrought-iron tube packed with copper clippings, and the
products condensed out of the gas stream in cooled brass

traps.

The benzene input was regulated and kept constant
by means of the apparatus shown in DIAGRAM 2A, which
worked on the same principle as the hydrocarbon feed
deseribed=by BARBOUR et al (J. appl. Chem., 1952, 2, 127).
Puré, dry, benzene contained in a "U" shaped vessel was
displacéd into a liquid seal by a metal cylinder which was
lowered into one arm of the "U" tube at a constant_ratq
by means of a synchronous eleetriclmotor, the shaft of
which rotated at the rate of 0.4 rev./hr.. The benzene
discharged from the liquid seal into an electrically
heated vaporiser_kept at 150°C.,and wag carried dnto the
reactor, via a pre-heater at 250°C., on a metered.stream
of nitrogen. Almost eny required smount of benzene
between the limits 28 gms;/hr. to 4 gms./hr. could be
introduced by using metal cylinders of different diameters

end a bakelite pulley system (DIAGRAM 28)..
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Chiorine tfifluoride was led into the reactor from
a cylinder via a flowmeter (DIAGRAM 3 ), which was
calibrated as accurately as ﬁossible by weighing the
cylinder before and after metering the gas into the
apparatus for known times.,

In order to moderate the reaction between the benzene
end the chlorine trifluoride, end so ensure smooth running
éoupled with good yields of predﬁet, they were introduced
into the reactor by means of a concentric-tube "cool
fleme" burner constructed out of mild steel (DIAGRAM L ;
PLATE 4 ) This type of burner, described by TYCZKOWSKI
AND BIGELOW (J.a.C.S., 1953, 15, 3523), is an elternative
to a baffle plate in a reactor and was shown by them,
when used in a direct fluorination, to produce a mild
reaction in which both cleavage and polymerisation were
reduced.

The burner was packed with copper wool to keep the
annular spaces clear of copper clippings, and fastened to
the reactor by means of six bolts and a lead to knife-edge
seal. It was extended somewhat by placing a 4#" wide
sirip of strong copper foil in the outer annular space
to ensure that the reactants were well inside the coppex

packing before meeting. A small perforated table
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(DIAGRAM § ) supported.the 3% kilograms of copper clippings
with which the vertical reactor was packed, thus
preventing them from blocking up the outlet tube., The
reactor was heated by means of six 60.n sectional heaters
of  the Massingham type, th?ee pairs being connected in
parallel and run off the 250 v, Mains via an 8 amp.
"Variac" iransformer. The reactof was provided with

three e&enly spaced thermometei pockets (DIAGRAM § ).

The reaction products were condensed in a series of
brass traps. Trap 4 (DIAGRAM 6 ) was water-cooled, and
traps B end C (DIAGRAMS 7 and & ) were cooled with ethanol-
"Drikold" mixtures. The inlet tube of trap B was maintained
ét 50°C..by a small eleetricgl heater to prevent products
solidifying there and causing a blockage.

PIAGRAM 8 shows the complete set up of the apparatﬁs,
and PLATE 2 some 6f the component parts.

Operation

When the heated parts of the apparatus, namely
vaporiser, pre-heater, and reactor, had attained the
required temperatures, the whole apparatus was flushed
with nit;ogen. Then, before any benzene was admitted,

chlorine trifluoride was passed into the reactor to.remove

orgenic material and form a halide surface on the metal.
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fhe apparatus was then flushgd again with nitroegen, after:
which the reactants were admittied essentially at the
seme time. After the first hour of each run the
chlorine trifluoride feed was turned off and the cylinder
weighed to check on the input rate. The raeaction
between the benzene and the chlorine trifluoride was:
highly exothermic, so the power supply to the reactor
héafers was reduced as the run proceeded to keep the
temperature reading of the top thermoﬁeter at a pre-=
determined value. |

The apparatus ran quite smoothly,.stoppagéaaonly
occurring when legks developed at the glass to metai seals
on the chlorine trifluoride flowmeter, or when sligﬁt
explosions took place inside the reactor so causing a gas
block in the liquid seal on the benzene input. However,
after running for about 70 hours pressure began to build
up in the reactor due to caking of the copper clippings,,
so at this stage it was taken down and re-packed. During
this operation it could be seen that the reaction flame
was only about one foot long so that a considerable
proportion of the packing was still in good condition and

was used again,

The préducts which collected in the cold traps were
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washed with distilled water, neutralized by washing with
sodium carbonate solution, washed again with distilled
water then dried over anhydrous maegnesium sulphate. In
the majority of runs most of the products condensed in

water-cooled trap A, but this was not always the rule and

. traps B and C proved quite necessary. Large quantities of

hydrogen fluoride and hydrogen chloride were formed during
the reaction, and these, excep£ for some of the former
which remained in the cold traps and was subsequently
neutrelized, passed out of the train of traps with the
nitrogen and down the vents of the fume cupboard in which

the apparatus was assembled. Only traces of chlorine

" trifluoride were detected in the'efflﬁentgases, but as

a precaution traps B and C were allowed to warm up overnight
before they were emptied.

A phenomenon which could not be accounted for
occurred when the contents of trap A were poured out.

They appeared at first as a black liquid, but the colour

gradually chenged through shades of green to. a light

amber.  This change took place over a period of several.
minutes,
TABLE & gives details of trial runs which were

carried out to determine which conditions gave optimumr
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| yields. It appeared that the nitrogen dilution flow-rate

‘ did not affeet yields to any great extent, so it was made
as large as was convenient in order to obtain a long
reaction flame, Conditions 9 and I2 were .chosen for
building up large qﬁantitieSrof material for investigation.
Details of the runs carried out are given in TABLES L

, and § .




TRIAL CHLOROFLUORINATION- RUNS

TABLE 3

RUN
NO,

C6H6
FEED
Gm/hr

ClF

FEED
Gm/hr

ClF3

Nb N2

TEMPS.

RATIO REACTOR
(wt/wt) (1) (2)

ON

(oc.)

Cms.
F
C1i 3
FED IN

Amount
PRODUCT
(GmsJ)

DENSITY

OF

PRCDUCT
(Gm/m1)

AMOUNT
OF

PRODUCT
(mls)

AMOUNT

10

11

12

135

10,7
10.7
1Q.7
10.7
70.7
1047

10.7

10,7

19.35
8.53
8.53
8.53

8.53

2L..75
25.5
211.,0
21.4
20.33
140,13

26

25.3

59.7
59
60

60.3

2.31

2.0

1.9

3¢75

2.42

2.4

3.8 8.5

3.8 12

L 12

Lo24

220°
215
170

212
216
174

170
165
108

325
350
240

255
250
180

280
250
160

2,8

245
168

2L0
240
164

275
250
168

260
230
200

190
160
140

270
240
210

360
310

78.3
217.3

72

j03
254
177
166

150.8

280

31.2
8L
17.28
50.4
3L4.16
L6,8

58

L1.6
59.5
137.3
54
102.6

50.4

1.3

1.4

135

1.3

1.7

1.8

1.8

30

60

12

Lo

28

30

L3

L6

78

57

28

78
:31.-
60
L8
36

L8

51
L2
29.1
26,4

2L.3

N2(1)

N2(2)

1l

space of the burner in litres per

hour,

Rate of flow of nitrogen through the benzene
vaporiser in litres per hour,

Rate of flow of nitrogen into centre annular




TABLE 4 ' CHLOROFLUORINATION RUN NUMBER ONE

- o1p TEMPS.] LENGTH| Gms. | Oms. | AMOUNT | DENSITY| AMOUNT| AMOUNT
3 3 ’ 1 - oF |
CeHg | FEED | ogry [N, W,| ow | oF Cglig | C1F5 | PRODUCT| PRODUCT| PRODUCT] Cgli
FEED " | Rarzo REACTOR FED FED | FED IN
| e/br | gm/nr. [(wt./we )| (1) (2] (°C.) RUN IN IN (ems.) (gm/m1)|  (mls) (mls)
] : .. . - | ) o
(13]19.35 | 43, 2,28 | uouf 210 | 5 nrs.| 96.75] 215 129.2 1.36 95 | 110
(2)[19.35 | 13 2.28 | yoay| 220 | HbTs. | ogz | qg8 | q05 | 45 | 70 | 99
(311935 | 1, | 2.18 | L 2 gfg 5hrs, 96.75 210 | 1L44.8 1.4 102 110
(1)]19.35 | u6 2.37 | L 2u Szg Lhrs. | 77.4 180 | 113.6 | 1.u2 80 88
(5)]19:35 | b2.7 | 2.20 | 4 2u gfg | enrs. | 11601 | 256.2] 165.6 1.38 | 120 | 132
(6)]19.35 | 43 2,28 |y o | 200 | 6hrs. | ,op g 286 1 187.7_ 1 _ 21 za | aze | ii-
) Q
H
o

0
I



SUMMARY OF CHLOROFLUORINATION RUN NUMBER TWO

cH, | car ClF3 rEMPs| TENGTH| Gins.C H) Gums. | AMOUNT | DENSITY |AMOUNT |aMOUNT
6 6 3 | c.H No  No| "oy 676
FEED | FEED ’676 H OF o C1F, | PRODUCT| OF C.H
/e | em/me | RATIO REACTOR o FED 3 propycr |FRODUCT "&76
garl gm/nr § (g, /wt)Y (1) (2)| (oc.) : IN [FED IN (gms) | (en/ml)| (mls) |[FED IN
: ' (mls)
. 260 : : ' : '
(1)]8.53 | 66 7.75 | b 24 ggg 182§ié. 78,19 | 600 | 252 1.8 140 89
| 260 .
(2)]8.53 | 66 7.75 |4 24 | 230 somres | 78,9 [ 613 | 308.95 | 1.85 167 90
- 00 1ins.
260
(3)] 8,53 | 66 775 | b 2| 238 sonrs. | 72,51 | 557 | sy | 1.8 138 | 2.5
260 .
(4)8.53 | 65 7.68 L 24 ggg 283§§é. 71.08 | 542 | 277.2 1.8 154 80.8
| 260
(5)] 8.53 | 66 7.75 |4 2u 235 12hrse | 112,18 | 869 | 376.2 | 1.8 209 | 128
) 260
(6)8.53 |66.7 | 775 |u au | 235 | ZER: | st.1 | nos |47 1.8 9% | 58.7
i e S e e B R T EE -
' 260 '
2 |6.53 | 66 7.75 |4 eu | 235 [PATS. | e 5589 |rj62sm | 1.8 903 | 429
z 200
A SN R ISR I R I I W I P S I
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Ghapter IV

The Distillation of the Chlorofluorinated

2&-0 ducts.



"Now I am come to the arts and I shall begin from
distiilation, an invention of later times, a wonderful
thing to be praised beyond the power of men; not that
which the vulgar and unskilled.men use, for they do but
corrupt and destroy what is good; but that which is AOne
by skillful artists .... Let one that loves léarning and
t0 search nature's secrets, enter upon this; for a
dull fellow will never attain to this art of distilling."

PORTA, 1589.%

& DELLA PORTA, Magia Naturalis, Naples, 1589; quoted
by EGLOFF AND LOWRY, Ind. Eng. Chem., 1929, 21, 920.

84,
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Two types of column were employed in the attempt
to éffect a separation of the.compqnents of the reaction
mixtures by means of batch fractional distillation. |
Preliﬁinary distillations of both Chlorofluorinstion Run No.
1; and No, 2, were carried oqt using two columns packed with
gigss helices, whose efficiencies were 14 and 20 theoretica1
plates respectively. By this means the reaction mixtures
were split up inte fractions of a size-and boiling range
suitable for more efficient stills, namely 60 plate
concentrié-tube columns, to handle., Time only allowed,
however, for the cuts from Run No. 1 to be further rectified.
In each set of distillations two columns were operated side
by side in ofder to (a) reduce the chance of losing all
material of a certain composition, and (b) to save éime.

Constructions of the Columns

(a). PACKED. (See DIAGRAM 9 ). These consisted of

lengths of pyrex tubing (13 mm. internel diemeter) provided
with B.1l4 ground glass Jjoints at each end, and packed with
é;inch, single-turn, Fenske glass helices. Fumnel systems
were placed in the tubes immediately above and below

the packed seetions to enable boil-up rates and reflux retios
to be estimated. The packed sections of the tubes: were

wound with fine asbestos rope over which were fitted sheathes
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of thin copper foil. These, in turn, were covered with
layers of asbestos paper, and asbestos rope again wound on.
Counter-wound on to this asbestos rope were electrical
heaters, of approximately 200 ohms resistance, consisting
of lengths of oxynichrome tepe (25 ohms/yd.). Rheostats
were conneated.innseries with these heaters, and the circuits
operated from Simmerstats.. Lengths of cellular asbestos:
pipe lagging were clamped on to the columns to insulate them.
In conjunction with these columns were employed
‘total-condensation - partisl teke-off still heads of the
Whitmore-Iux desién (WHITMORE AND IUX, J.A.C.S., 1932, 54,
345#} and three-necked 650 ml.. capacity still pots. Tﬁese
were heated by means of "Isomantlés",, the heat i@ut. being;
qqp}rolled.through constant voltage regulators of the carbon
pile type, and "Variac" transformers in series.
(b). CONCENTRIC-TUBE. (See DIAGRAM |O). These were made
according fo the instructions given by NARAGON AND LEWIS
(Ind. Eng. Chem., 4nal. Ed., 1946, 18, 448.) Qith the
following exceptionsgs-

(1) internal expension seections were introduced to
allow for differential expansions between the
inner tubes and the vacuum jackets of the
coiumns. Intolerable strains and breakages

were thus minimised.
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(11) The vacuum Jjackets were left with two
diametrically-opposite unsilvered strips, in
order that the interior portions of the
columns could be examined.

Both columns contained eleven inches of precision-bore
tubing, tﬁe relative sizes of the tubes beings-
inner tube 6.5 mm. O.D., outer tube 8.0 mm. I.D.

The stages in the fabrication of a still head for one
of the columns are shown in DIAGRAM | . The gless valve
was ground into its seat by means of coarse carborundum,
fine carborundum, end finally, "Sira" fiﬁe optical abrasive
powder, the whole aperation taking, some eight hours to
complete. The sizéé of the valve and seating were such
that when the valve @as.lifted=by meens of a solenoid,
0.25 ml., of distillate collected in the graduated receiver:
which was attached to the still head. A double surface
condenser effected total condensation 6f vapour.

The columns had compensating heaters (400 ohms
resistance) of the Massinghem type ciamped on to the vacﬁum
jackets, and threefnecked 100 ml. capacity still pots, which
were heated as described above in (a).

PLATE 3 &shows how the concentric~tube columng

were mounted. To prevent strains due to the columns:
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expanding at elevated temperatures, or movement of the
fremework, the condensers were only lightly clamped to the
same vertical member of the framework as the respective
column, The base of the fremework was in the form of &
cabinet in which the variable transformers: and voltage
regulators were moﬁnted;l

Accessory Equipment.

(a). For distillation at Atmospheric pressure.

PREVOST POT SAMPLER . (PREVOST, M.S. Thesis, Pennsylvania
State College,-1948; deseribed-by ROSE ANb ROSE, "Technique
of Org. Chem.", Ed. by Weissberger, Intersc. ?uﬁl., Ine.,
N.Y. and Londéﬁ, 1951, Vol. IV, p. 34). This device
(DIAGRAM 12 ) enabled still pot liquids to be sempled for
analysis during test runs Withéut interrupting the
distillations. It was so placed in the still pot: that
sémples.could be taken from the lowest part of the still.
(b). For distillation at sub-atmospheric bressures;
INTERNAL POT HEATER. (See. DTAGRAM 138). Numerous deviees
have been suggested.to'prevent the tendency for liquids: to
"bump"™ when boiled under vacuum (See survey by BOWMAN AND
TIPSON, op.cit, p. 491). However, having tried them all I
.féund'that'a small inner heating coil, placed at the very

bottom of the still pot, was the most satisfactory. By
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-this mesns the concentric-tube columns were operated
continuously for periods of 100 hours or more at reduced
pressure. The heaters for the two columns were connected
in series, and run off a "Variac' trensformer.
TAKE-OFF ADAPTOR. (See DIAGRAM /3A). This was a
modification of the normal Perkin triangle arrangement
employed to enable distillate to be removed from a still
- head without affeating the equilibrium of the distillation
process. It was designed to prevent distillate comiﬁg into
contact with_theﬂlubrieant on the joints and stopcocks
associated with a teke-off system. This was necessary
because although the greasé used was insoluble in the liquids
being distilled (see below), it tended to run if distillate
was allowed to flow over it during long continuous periods
of distillation. |

DIAGRAM Il shows the wacuum system employed in all
the work at reduced pressure, and also the "Cagrtesian Diver'-.
t&pe manostats which_kept the pressure in the system consmanx_tc
4+ 0.5 mm. Both concentric-tube columns were operated from
the one system. (See PLATE 4 ).

Lubricant

All ground glgss Jjoints and stopcocks which were
integral parts of the stills or accessory equipment, and

which came into contéét with the liquids being distilled,
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or'their vapours, were lubricated. with a hydrocarbon-insoluble
mannitol grease. Tﬁis was prepared as followss- 1 part

of mannitol, 2“parts of dextrin, and 2% to 3 parts of
glycerol were heatéd.together; but NOT boiled, and the molten
mass stirred well whilst it was cooling. This grease was
quite stable up to temperatures: of 170°C. When kept at

this temperature for more than three days it began to
caibonise.

Cleaning of the Columns:

To clean the columns before use the usual laboratory
chromic. acid mixture was allowed to stend in them overnight,
aftéer which-they were drained, then washed out with water,
alcohol, end ether in that order. The heating Jackets were
then brought up to about 150?6., and a stream of air blown
through them to remove the last traces of ether. - This
broce&ﬁre was carried out, in the case of the cpncéntric-tube
columns, at the end of each long distillation, e.g.
diéiillation of Cﬁlorofluorination Run No. 1. at atmospherie
~pressure, At other times:; e.g. after testing the columns at
atmospheric pressure with the n-heptane-methyl cyclohexane:
test'mixturem they were cleaned out by distilling ether
through them at total reflux, then dried with a stream of air

as before,
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Operation of the Columns

| (a) PACKED TYPE. In starting a distillation the

material to be fractionated was charged into the still

pot, and a few small pieeces of porous pot added.

Mannitol grease was then applied to the ground glass joint
at the base of the column, the still pot placed in pesition
and its "Isomantle" fitted on. A thermowell and a stopper
were theﬁ greased and inserted into the two remaining |
necks of the still pot, and cotton wool wrapped round

the top of the pot and the lower end of the column for
insulation. When the column jacket had been pre-hegted

$0 a temperature 15-20°C. below the boiling point of the
pot charge, the still pot heater was switched on, and

the heat input slowly increased over a period of 3%0 minutesl
until reflux appeared in the condenser section. 4t this
point the boilaup rate was increased sharply to cause the
column to flood. This flooding was continuéd for 5 minutes
to ensure that the packing was thoroughly wetted, then the
boil-up rate slowly decreased until liquid was refiuxing;
normally once more just inside the.condenger. Adjustments
were then made to the temperature of the heating jacket so
that 1t was 2 degrees below that of the refluxing liquid,

end the boil-up rate was set at a pre—determined value
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which was kept constant throughout the distillation by
meang of the "Variae" transformer. The column was left
at total reflux for 2 hours to ensure fhat it.reache@
equilibrium before distillate was collected. .Take-off
was continuous, and made by partislly opening the stopcoek
on the still head so that the reflux ratio was Ps:l, P
being the platage of the column., (Notes- REFLUX RATIO

as used here is defined as the ratio of smount of material
returned to the column during a known time to that removed
as distillate during the same time.)

(b) CONCENTRIC-TUBE TYPE. Distillations employing this
type of column were stﬂwed.exacxly_és described above

for a pagke&.column. 'No pre-flooding was necessary, 8o,
after pre-h-eating‘the jacket, the heat input to the still
pot was adjusted 8o that a boil-up rate of approximately
80 drops per minﬁte into the still pot was obtained within
30 minutes. After refluxing at this rate for one hour
the heat input was adjusted to give the desired boil-up
rate which was then kept constant throughout the distillation.
The column wag-left at total reflux for 3-4 hours to
ensure that equilibrium had been- established before distillete
was removed. The take-off value was operated every 15

minutes, eand at the same time the temperatures recorded
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by the thermometers located in the still pot, the heating:
jacket, and the still head, were noted. When distillations

were béing carried out at reduced pressure the still pot

.contents: were heated almost. to their boiling point by meens

of the "Isomantle", then the small internal pot heater

switched on and the heat input to it adjusted until even

boiling commenced. The heat input to the "Isomantle" was
then adjusted to give the desired boil-up rate.

The columns were left at total reflux owernight, but
in the case of the packed columns the heating jackets. were
turned off. This ensured that the liquids being distilled
refluxed in the packed seections of the columns, and thereforé
né loss of materia1 occurred through the easing of a
joint ox stopcock in the still heads.

At the end of & week's continuous running, and more

frequently when elevated: temperatures were reached, the

colums were shut off, allowed to cool, and the grease
on the joints and stopcocks renewed,

Testing the Columns

The efficiencies of both the packed and the concentric-
tube columns were determined at atmospheric pressure using
the standard n-heptane - methylcyclohexane test mixture of
BROMILEY AND QUIGGLE (Ind. Eng. Chem., 1935, 35, 1136),

’ UNIVE
Q‘“\“”tclwm' RSy
2 6-0CT 1956
LAERRRY
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whieh is useful for columns with about ten to ninety plates.
Although they studied this mixture at a pressure of 760 mm,
éf mercury, little error is involved if their data is
epplied to test runs carried out between 700 and 800: mm,
Analysis of distillate and distillend was carried out
refractometrically using an Abbé refractometer which was
kept at 20 4 0.1°%. by circulating water from a thermostat
through the prism jackets. The efficiencies of the

columns were calculated from a graph-of refractive index

vs. theoretical plates which was eonstructe@ifrom the data
of LECKY AND EWELL (Ind. Eng. Chem., anal. Ed., 1940, 12,
544.).. The concentric-tube columns were also tested at a
pressure of 50 mm, of mercury, for which purpose a tes#
mixture containing methyl benzoate and methyl caprylate was
developeds A record of this work, together with the details;
of other distillations of known mixtures at reduced pressures,
is to be found in CHAPTER VI

. The atmospheric pressure test mixture was made up by
mixing n-heptane (nD 1.3878) end methylgxg;ghexane

(n.D, “1.4234) in the ratio of 4321 (volivol.), and the
reduced pressure test mixture by mixing methyl benzoate

(ng‘”' 1.5172) and methyl caprylate (nD 1.4173) in the ratio.
of 2634 (volsvol.).
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The packed columns were set up using a plumb line,,

the 100 ml, still pots used when testing the columns

charged with 75 mls. of test mixture, brought to equilibrium

after'pre-flooding, and samples of distillate and distillend

taken.

typical test runs, one for each column..

The following table gives the details of two

column Boil-up .20 Theoreti- |.

Length Rate. ) : cal H.B.T.P.
(cms,) |(mls./min.)| Distillate] Distilland | Plates (ems. )
45 1.5 1.406X 1.4140; 14 3.2
65 306 1.4077 1.4169 20: 3.2

The concentric-tube columns ﬁere-set up, likewise

using a plumb line, and their efficiencies determined at.

atmospheric pressure.

They were. then moved very slightly

into different positions, their efficiencies determined in each

position, and rigidly clamped-into place when the optimum

positions were found.

This procedure was necessary because

the concentric-tube portions of the columns were not

necessarily concentric with respeet to the vacuum jackets.

The efficiencles were then determined at different boil-up

rates,; the stlll pots removed, the columns cleaned by
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refluxing ether in them, and dried. Their efficienciess
were then determined at 50 mm. using the vacuum system
already described (p; 93 , and DIAGRAM i ), and the small
internal pot heater to prevent uneven boiling of the
methyl benzoate - methyl caprylate tesm.mixture, The
receiver on the take-off adaptor was evacuated to 50 mm.
pressure using a Sebondary vacuum system which was operated
by a water pump. TABLE b givés;the details of the test
runs., The back pressures were determined by direct .
reading, the still pot being connected to the still head
through a menometer containing di-n-butyl phthalate.

Distillation of the Reaction Mixtures

GRAPHS A and B indicate the course of the
preliminary distillations of €hlorofluorination:: Runs No. 1
and No. 2. The cuts made, the amounts of material in them,
their béiling ranges end refractive indices,are given
in TABLES 7 end 8 . |

The still pot residues from the preliminary distillation
of Run No. 1, i.e. the material boiling ebove 165°C., was.
split up into fractions of convenlent size and boiling
range before being distilled through the concentric-tube
columns by crudely distilling it at reduced pressure from

a Clgisen flask. The fractions collected were:-
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1). 120 mls. B.Pt. range 60-100°C. at 6.5cm. Hg.
2)., 150 mls. B.Pt. range 100-120°C. at 6+5cm. Hg.

Residue c. 80 mls.

GRAPH C shows the course of the precise distillation
of the cuts described in TABLE 7 using concentric-tube
columns, The refractive index measurements were carried
out on every O.5 mls. of distillate in regions between
"flats", and on every 1.0 ml: when a "flat" was reéched:
This oberation, coupled with the:storing of the distillate
in separate, small, stoppered tubes, meant quite a
considerabie loss of material. Thus means were sought
for determining the refractive index of distillate
without loss, For this purpose the air-cell refractometer
shown in DIAGRAM (1§ was suggested. By attaching this to
the take-off line of a ¢olumn it was hoped to determine
the refractive index of distillate in situ. before it
was allowed to collect in a receiver. However, for this
particular distillation the refractive index measurements
needed to be accurate to O;OOOA, and a Vernier scale some
three feet in diameter would be required for sﬁch
accuracye. This ﬁas plainly impracticable, Another means
by which distillate could be analysed without loss was

thought to be the determination of dipole moment by means
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.of a heterodyne capacitance meter of the type deseribed |

by HIEL AND SUTTON (3.C.8., 1953, 1482.). The drewback

here is that & very small condenser would be needed, an

apparatus is under construction at the present moment, but

will not be completed in time for its value to be assessed..
TABLE 9 gives details of the analyses carried out

on samples taken from the "flats" shown on. the graph.

Also indicated in the table is the nature of each "flgt"

és discovered by meens of gas-~chromatographic analysis,

the details of which are given in CHAPTER Y ..
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Column Efficiencies at Atmospheric and Reduced Pressures

Head Pressure Egck.Pressure nD20 Theoretical
(tim. Hg) (Mgﬁgﬁ;?;ggg t Pot Head Plates
Column A.
50° 28 145005 | 144350 29
50° 29.5 1:5010 | 1+4360 27
507 3l 145010 | 14390 2L,
762° 345 14180 | 13910 60
762° Ly +0 1+4180 | 1+3915 58
Column B.
50° 23 1+5020°| 14360 28
50° 37. 145020 | 1 -4LL40 21
50°- L7 1+5060 | 1 +14680 11
752° 145 1:4195 | 123910 65
752° 340 1+4190 | 1:3915 61

a.

b.

Ce

1 mm, di-n-butyl phthalate =

0077 mm. Hg.,

Methyl benzoate - methyl caprylate test

mixture,

Methyl cyclohexane-n~heptane test

mixture,
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TABLE 7

Summary of the Preliminary Fractionation of 1,574 mls.
of Product from Chlorofluorinetion Run Number One using
' Columns packed with Glass Helices

Size of

Fracﬁion Boiling Range n_2° the(zizfgion
Number (%c.) D |

1 52- 718 14552 216

2 78- 81 14848 295

3 81-120 13937 120

b 120-130 14214 170

5 130-140 , 143966 85

6 140-150 143980 65

7 150-160 14202 120

8 160~170 ’ 125
Residue B.Pt. 166°C. 350

Total 1,541 mls,

Recovery = 98%









_TABLE 8
Summary of the'Préliminarx Fractionation of 910 mls.

of Product from Chlorofluorination Run Number Two
using Columns packed with Glass Helices

Fraction Boiling Range 'nD2O thgiﬁiagiion
Number (°c.) (mls,)
1 © 64=100 1.3240 Ll
2 100-110 1 +3400 L5
3 110=120 1 431462 66
L 120-130 13580 78
5. 130-150 13760 220
6 150~165 13960 140
Residue B.Pt 165°. | 222
Total 815 mls,

Recovery = 90%

This poor recovery was due to two accidents,both

occurring when a column flooded violently.

IIT..
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GRAPH 5.
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TABLE 9
Details of the Analyses carried out on the Distillation "Flats".

(Halogen analyses by method described in Chapterimi, PP, - s and mol. wts. by
the method of Victor Meyer using the apparatus shown in DIAGRAM |6

. : Cl1l:F
vambor | (5000 | P50 | (Fovnd) | (rhuna)| (ieme) |Tomomad| “enneio] | coomber of
I 795 144565 7 <0 18«0 | 1:4+8L 113 azeotrope 2
II 81}0 14920 204 5e2 1247 85 azeotrope 2
ITI 109-111 | 1:3650 | 164 509 | 1:5.8 254 | azeotrope 2
Iv 117 13762 | 1745 L6«7 | 1:5+0 250 azeotrope 2
\'J 118 13830 | 21°5 Lle9 | 1:3+9 249 azeotrope L
Vi 121 1 +3930 229 L2.5 1:3<46 oLl azeotrope L
VII 124 14087 | 2404 395 | 1:3.07 203 azeotrope L
VIII 1295 144350 | 264 | 339 | 1:2+4 204 azeotrope L
1x® | 131-135 | 1310 | 270 | 33.9 | 1:2435 220 mixture | 4 or more
X 136=137 14010 | 2706 428 1:2+96 263 azeotrope 3
| X 155 1:3955 | 2957 | LO-5 | 1:2:56 | 243 | azeotrope 3
XIT*¥ 157 | 1+3957] 29+5 W0 | 1:2:6 | 243 cié;%iid
XIII 109/92 mme| 1440 | 3643 151 ] 1:0.78 263 azeotrope 3
. XIV 9L/63 mm. | 1-4540 | 388 26+0 | 1:1.25 256 | azeotrope 3
XV 95/61 mm. 1-4505 384 322 12157 2L azeotrope 3
XVI . |106/60 mm.| 1-4298 | 69.2 1481 1:0L 271 azeotrope 3
B.Pt. too high for
XVII  [115/49 mm. | 1:5032 | L6+5 20+8 | 1:0-84 | 258 | Tateriel bo be
chromatography.

By filtering the tarry residue from the still pots under suction a solid residue
was recovered, This was re-crystallised from methylated spirits tb yield material
with a m.pt. 132—13700., and the following analysis:-
(1) By combustion, ~C 33+:0%; E 0-9%,
(ii) By Na fusion, Cl 65+0%; F negligible
C1l:C ratio (atoms) = 1:15.

The mol. wt. (determined by an ebullioscopic method) was 136.

# Flat- IX is in reality a slope (n%O 1 +,350-1 «4266) and the analysis
sample was taken from the masterial.as a whole,

L3 This analysis may be compared with the following:-=
CellFg C1, 29.8L%; F, 39.9%; mol. wt., 238

06H5012F501, 29-22%; F, 39+1%; mol. wt. 243.
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Chaptex NL

The:

Analysis and Separation of the Distillation:

"Flats" by means of-Gas-Iaiguid Partition
' Chromatography.
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The: “"fléts" described in TABLE 9, p. li} were

. analysed using small-scale columns packed with the

" following liquids. adsorbed on Kieselguhr (Celite 545,
‘Johns Manville Co. Ltd.) in proportions by weight of _
1 parf!2m5 parts respectiveiyz *dinonyl® ﬁhthalate (Boake,
Roberts & Co. Ltd.), high vacuum pump oil (8@} Edwerds &
Co. Ltd.),, high vacuum pump oil 4+ 10% by wt. stearic

acid, and silicone fluid (M.S. 550) } 10% by wt. steariec
acid. ,Thexchromatograms obtained gave information on

the complexity of the "flats", the relationships between
them, and the possibility of separating the components..

_ Using 1arge—sca1e columns the latter was attempted, but
time has only allowed for this to be doﬁe for flats I-VIII

inclusives

The small columns (120 ¢m. x 5 mm. internsl diameter)
were similar in design to that of RAY (J. 4ppl. Chem..,

.1954¢ 4, 21), samples being injected through rubber
serum=-bottle caps from an "Agla" micrometer syringe.

They took the form of eompéct U-sheped tubes (seé‘DIAGRAM 7))
heated electrically by a jacket constructed eut.of a

2 £t. x: 1 in. internal diameter wrought-iron tube. This:
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was insulated with asbestos paper, and wound with a

heater consisting of 12 yds. of nichrome tape (24.8 ohms/
yd.) run off a Simmerstat. The columns were packed in
the following manners:- the packing was introduced into
the arms.of the U'tubes and allowed to settle down under
the influence of vibrations set up by tapping the tubes:
with a rubber-covered rod. In this way tight, uniformly-
packed columns were made up without having to recourse

to tamping methbds. To ensure that the injected samples
were totally.flashéd onto the packings.just after the
moment of injection, small 18-ohm héaters, run off Variac
transformers, were clamped on to the columns Just below
the nitrogen inlets. The sections of the columns
covered by these were packed with glass wool and kept

at temperatures some 15-2000. higher than the boiling
points of the materiéls being analysed..

The large column (16 ft. x 1 in., internel diemeter)’
was in the form of four pgrallel lengths joined together
by short sections of 3 mm.-Bore,tubingb and arranged in
the form of a compact, folded W (see DIAGRAM |7 ). It
was mounted vertically in a 4 ft. 6 in., x 4 in. internal
diameter cast-iron pipe, which was insulated with asbestos:

papér and wound eleg¢trically with 19 yds. of Vachrom wire
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(4.16 ohms/yd.) run off g Simmerstat. Material was:
fed to the column, via a vaporiser packed with glass
wool and heated by a l,Ooo-ohm.variac;controlied heating
tape,, from a small burette in which gas pressures could
be equélised before admission. 41l the ground-glass
jbints on the column were sealed@ with black wax.

The presence of organic material in the gas streéml
issuing from a column was deteected by the thermal
eondudtivity cell which is deseribed in every detail_by
DIAGRAM |8 . PLATE 5 shows how it was housed in a heating
box which, however, was never used becauéé'the outlet
pressure of a column could be adjusted. so that no
condensation of material occurred in the channel through
the copper block. The detector circuit is shown in .
DIAGRAM 19 , the Tinsley galvenometer G (resistance
900: ohms; sensitivity 50 mm./micro-amp) measuring the
lack of balance of the Wheatstone bridge formed by the
four nickel resistance wires: of the detector, which were
arranged to give maximum sensitivity. 4 2-volt
accumulator was used. to drive: the bridge, and the initigl
: balgnce-point adjusted. by means of the variable resistance
R,nwhich was placed.in series with one of the arms. S

is a mercury switch.
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When an'ahalytical run, or a calibration of the
1érge column, was being.éarried out the galvanqmeter
deflections were recorded and plotted méﬂually, but when
actual separations were under way the detectorﬁwas used
merely to indicate when fractions were passing, so'that
each could be collected separately in a trap which was one
of a series arranged in parallel and cooled in liquid
nitrogen. ?he ground-glass Jjoints on the traps were
lubricated with a light mannitol grease, |

DIAGRAM 19 shows the complete spparatus in
Schematic form. | | |

Results and Discussion

GRAPHS D,,E, F and & show the analytical
chromatograms on which the choice of column liguids for
-the large-scale separations of the components of flats
I-VIII inclusive was based. An overall picture of the
complexity of the material from the reaction mixture
which bqils between 60 and 16000. is-obtained by
examination of GRAPHS D,E , and .F; thé last two are
directly comparable. DIAGRAM 20 further illustrates the

fact that some preliminary fractional distillation of the
reaction'mixture was necessary before the separations by

gas-chromatographic methods could have been achieved. It
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shows the chromatograms obtained for a mixture of flats
V end VIII, and for a fraction, b.pt. 85-135°C., distilled
from a reaction mixture obtainéd by W.K.R, Musgrave
using the same conditions under which Chlofofluorination
Run No. One mixture was brepared.

"Dinonyl" phthalate was used as column liguid in
the gttempt to separate the components of flats I, II,
III, IV, VIII and the material which distilled prier
to flat I. The peaks of flats I, III, and IV were
separated (see DIAGRAMS 21 , 22, and 2.3),'but in. the; case of
flat II which was "slightly impure" benzene the cuts
. shown in DIAGRAM ibhad to be made in order to obtain a
sample of peak 1 which was not greatly. contaminated with
benzene, It was found impossible to separate the peaks
of the material prior to flat I (see DIAGRAM 25). Flat
VIII proved extremely trouhlesome; but by making the cuts
shown in DIAGRAM 26, recycling the fractions obtained at
a lowér column temperature, meking more cuts (DIAGRAM 27 )
and re-cyciing egain, analysis samples for peaks 1 and 4
were obtained. |

Silicone fluid end stearic acid was the most efficient
of the column liquids for the separation of the components

of flats V, VI and VII. DIAGRAM 28 shows how these
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materials were separated into fractions. The peak 2
fractions were recycled to obtain analysis samples..

GRAPH H shows the chromatograms obtained for
flats XIII, XIV, XV and XVI using pump oil + stearic acid.
Silicone fluid 4+ stearic acid was also experimented with,
but similar chromatograms showing no better degree of
separation.were obtained.

The conditions under which the gnalytical
chromatograms were obtained, and the large scale separations
carried out are listed on the graphs and diagramé;-

TABLE 10 gives full details concerning the amounts of
material_separated, end the aﬁalyses carried out on the

peaks,
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GRAPYH D
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TABLE 10

The Analxsis of Materialsg obtained by Gas—~Chromatographic

Separation of the Bistillation
Flats
Peak |Amount| P a Mol. B.Pt. : n2b % C1 %R Mol, wt. C1:F Ratio Found
vomber |(omoe) | wumper | (gme.)|  Fommuia - |(°/76h mm)| B | cale." " Founa| Cale.” " Found |calc. — Found ( atom)
‘ ) s |
I 68 1 6:0 | cgo1F,, 110:5" 1.33i85 21+32  21+3 | 5706 57+0 ‘| 333 340 1:5
2 0475 | CLCLF, - 1+3420) 21432  19<TL| 57:06 5435 1:4+9
3 60 CeHe 80 1-50%0 - - 78 80 -
II 150 1 540 CéH012F9 # 14800 22.54 19:43]| 54429 U460 315 280 13le42
2 135 CeHe - 1s4970| - - - -
III 5 o1 2 C6H012F9 11000 | 1+3610| 2254 200 5«29 192 315 280 13l4+6
2 3 CgCl,Fg 1080 | 1¢35700| 2408 2227| 5152 L4947 295
' to :
CBH2012F8 2349 51 417 297 278 13l
IV 17 1 640 C6H012F7 1140 | 13796 | 2563 25+0 4u8+02 Y740 277 270 11345
' to '
CgH3C1oF 25 45 4768 279
2 11 +0 0601F5 ' 1105 13608 | 17+53 175 1649 u7+6 202 +5 250 135408
to _ '
OgHgC1P, 1703 4555 208 +5
# B.Pt. at 747 mm, Hg: se3€ n%5‘5 measured because this material melted over the
the range 15-=25°C,
(contd.)
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The Analysis of Materials obtained by Gas=Chromatosraphic Separation of the Distillation Flats (continued)

Flat | Amount | Peak | Amount |Proposed Mol. B, Pt. %go % Cl % F : Mol. wt Cl:F Ratio'Found
Number | (gms.) | Number | ( gms.) Formula (°c/76L mm.) | Calc. Found |@alc. . Found| Calc. Found (atom)
sy Pe :'
v 14 1 0+U5 ASFiZ€ }gak 2 - 1+3607 - - - - - -
2 9+0 ch012F9 12247 143551 [22+54  21+5 |54.29  52.46| 315 310 11456
3 2.0 - 1237 1 +3770 - 124 - 36+9 ~ 2L0 1:5+55
|
L 10 - 12940 1+506L - 205 - 57 - 146 12053
VI 17 1 02 - - 1-3?06 This peak corresPOnds to peak 1 Flat V., = _
2 110 CEHCL,Fy 12245 143551 [22+54 2240 54 +29 52+0 315 310 1iliely2
3 L«0 - 1237 143823 - 150 - 27«01 - 230 113436
L 1.5 - 12947 1:5060 | - 27+6 9+3 ~ 20l 1:046
b |
VII 9 1 No peak in Flat VII corresponding to ﬂeaks 1 of Flats V and VI
| 2 540 - 12350 1 515 ) 23+65 - L8.2 - 270 1:3+81
3 140 - 1235 1 +3800 - 160 - 267 - 238 11312
n 340 CgHgC1 13140 145168 .[3162  29.8 - 3+7 |112+5 123 1:0+23
v | ‘ ?
III 70 1 12 5 C6Cl3F9 1285 1-3733 30-&8 29+8 L8.93 480 | 34945 350 1:3.01
2 70 - 1301 1+3863 - 23408 - 390 - 276 12316
3 1945 - 12946 14335 | - 2065 - 30+0 - 185 1:2.8
b 27+0 | CgH,CIF 129.7 -upzo 1502  15:0.: |28.06  28.0 |130.5 138 131

i
|




Chapter V[

ki) Investigations into the presence of Double Bond

Structures in the Compounds isolated by

megns of Gas C_'hromatogr_gghx..

(ii) De-hydrohalogenstions and other Experiments.

I43.



I44,

Peak 3 flat VII appeared, from its analysis and
physical constants, to consist mainly of monochloro-
benzene; peak 4 flgt VIII appeared to be a chloro-
fluorobenzene, the physical constants being close to
those of the p-isomer. Attempts were made to prepare
suitable derivatives and so prove this. The other
peak materials were investigatéd for the presence of
olefinic double bonds.’

Qualitative tests for unsaturation were carried
out on all the "peaks" listed in TABLE 0. using the
followipg reagentsi~ aqueous, acid (H2SO4), pAtassium
permangenate (1.25 gms./ZI.J'.f.re),J and a solution of
‘bromine in chloroform (0.2 gms./50 mls.). Peak 2
flat III'(66Hi912F8), and peak 2 flat VII (06H012F9)
decolorised.both reagents very slowly, but in alI.omher-

cases the results were negative..

Quentitative detections were attempted, the reactions °
employed being hydrogenation, bromination, and the action
of'iodine monochlaride, but the resultis were not

conclusive and infra-red analyses had to be undertaken. .
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HYDROGENAT IONS

Apparatug

" The Towers' General Purpose Hydrogenator used,
together with the modified hydrogenation chember, which
was designed to facilitate the removal and filtration of
the reaction mixture,, are shoﬁh in DIAGRAM 29 ..

Catalyst.

The catalyst used in ali the experiments was a 5%
palladium carbon prepared accor@ing to the instructioﬁs )
glven by CHERONIS. ("Technique of Organic Chemistry"™ Vol. VI,
Do 240).. |
Solvent

The efficiencies of various organic solvents used
in hydrogenations carried out at room temperature and
atmospheric pressure fall into the following order: (CHERONIS
AND LE.VIN.', J. Chem. Ed., 1943, 20, 488){-
ethanol > 2-propanol > esters > ethers > hydrocarbons.
Moreover, 85% ethanol is more efficient than éither
- 95% or'absolﬁxe ethanol. Thus,, 85% ethanol was used as
a éolvent in all the experiments.. ﬁ |

gzgerimental Procedure.

Approximetely 30. mls. of solvent and 0.25 gms, of
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catalyst'were'placed'in the hydrogenation chamber=and

the apparatus filled with hydrogen. After saturating
the catalyst with hydrogen, the sample to be reéuced

(ca. 200-500 mgms.) was transferred quantitatively,
using sbout 30 mls. of solvent, into the side-grm of the
flask and allowed to run into the chamber under the
influence of a sligﬁt reduced pressure effected either
by lowering a water reserﬁbir, or by means of the water
punp attached to the apparatus. The shaker was then
started, and_therhydrogen introduced into the reéction
chamber from the graduated tubes at a positive pressﬁre
of 1 cm. of merdury. When gbsorbtion of hydrogen had
eéased the amount.taken up was noted, the hydrogenation.
chamber removed, and the contents filtered through a
Green's Number 401 paper under gravity. Filtration under:
suctién"was found to cause loss of any ha}ogen hydracid
present in the solution. The total halogen removed

- from the material was estimated by titrating the filtrate
with stendard (c.N/10) sodium hydroxide solution, using
phenolphthalein as iﬁdi@atbr, until. the pink coloration
at the'end-point lasted for 30 seconds. One drop of
N/100 nitric acid was them added and the chlorine present
estimated by titration with stendard (c.N/10) silver

nitrate solution using dichloro-R=fluorescein gs indicatdms
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Ihe fluorine removed from the compound was estiﬁate&
hby difference, and the amount of olefinic double 5ond.
by calcﬁlating the amount of hydrogen required to replace
the'halogen removed and subtracting it from the apount of
hydrogen absorbed during the reaction, Aé some of thé
_compounds isolated from Chlorofluorination Run No. I could
' be de-hydrohalogenated by titrating them ﬁith N/10
alkali, blank hydrogenations were carried out in -which |
no hydrogen. and no catalyst were: used. The compounds
were simply dissolved in 60. mls. of solvent, ihe solution
shaken.in the apparstus fof 20 minutes, then titrated
as above, The results of these blank experiments are
shown in TABLE |2 . Corrections could then be applied
to thg;actual hydrogenation experiments,'and the results: are
given in TABLE |3 . Also shown are details‘qf the |
" hydrogenations of flat III before separation, and flat
XIlwhich analysed. to é pure compound. 'TABLE“lI glves.
details of hydrogenations carried: out on known. compoundss.
~ A blank experiment was also carried out on the
catalyst by placing 0.25 gms. in the apparatus with
60 mls. of splvent—anﬁlsaturating with hjpdrogen. The
mixture was then filtered end the filtrate titrated as

above, It was found that 0.00036 gm. equivalents of
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The Hydrogenation of Known Compounds

(Catalyst: 5% Pa/C; solvent: 85% EtO0H-H,0)

| % %
Amount . H, used Time 4 g % Double
Compound taken S?;Xgng C?;;;y?t up (mls., taken avaé%able ava;lable Bond
(gms.) at N.T.P)| (mins. replaced | replacea | Saturated
cyclohexene 10448 100 03 285 12 - - 996
1vchlorocxclo¥ : .
hexene 08516 60 03 2440 18 689 | - 810
152,3,3~-tetra~
chloro-1,1-di- _
fluoropropene- -
(2) - 145662 60 03 72440 - 88+3 none 79+0
monochloro- '
benzene 01488 50 0.2 32.0 20 960 - -
p=-chlorofluoro-
benzene 0+2306 50 02 LO -0 20 900 - -

*61%.I




TARLE 12

Blank Hydrogenations

(Solvent: 60 mls. of 85% ELtOH)

Flat Peak Proposed Mol. Amt. Shgking % available % available

No No Formula taken Time Cl removed F removed
B . (gms.) (mins, ) ' -
I 1 | ¢6012F10 041733 20 none none
11T 1 CgHC1,Fg 01904 20 negligible 3468

2 C¢H, C1,Fg 02308 20 1.8 297

v 1 CgHyC1 P 0.228L 20 5ely 2:2
o 2. CgH,C1F, 01857 20 9.7 L5
| v 2 CEHCL,F 0+1281 20 16l 645
VI 2 CEHOL,F 01519 20 1046 540
VII 2 CEHOL,Fg 0+1537 20 1.2 2.8
VIII 1 "06013F9 041384 20 none none
XTI - CeHyCl,Fs 0+1366 20 194 11 .2
111 - - 043551 20 04 3.0

*0GI



TARLE |3 The Hydrogenations of "Peak'Materials
: ) | \
(Catalyst: 5% P3/C; 8533 EtCH - H,0).
_ i Time
Flat Peak Proposed Amt. taken Ho used up taken % available % available % Double Bond
- No. No. Mol, Formula (gms.) (mls, at N,T.P) {mins.) Cl replaced F replaced present
I 1 C6C12F10 0+3222 1240 30 365 negligible negligible
ITI 1 CEHOL P 041615 1546 ’ 6 148 <0 negligible negligible
1 C6H012F9 03785 . 5106 ! Lo 7040 18 1 20
' |
2 C6Hx012F8 05824 710 E 80 3540 negligible 100
v 1 c6Hx012F7' 0+2371 262 .30 3L+8 negligible 5.8
. ! .
2 C H, 1T, 0+1669 225 30 2l <3 3 negligible
vV 2 C6H012F9 ' 0-3594 - 112 B 20 2042 143 5.0
|
3 - 0+2216 1240 . 30 394 542 =31 ®
L - 041415 88+0 . 60 825 2.0 negligible =
. ' l -
Vi 2 CEHC1,F , : -
6L, 0+2389 845 o 20 2540 negligible . 100
|
-3 - 0-2077 110 20 37 L5 negligible =
LI' - 0'2 8 ' . 3 )
59 W5 50 803 negligible negligible s

(contd)




i
The Hydrogenations of "Peal Materials (continued).
|

-

, Time
Flat Peak Proposed Amt. taken Hy used up taken % available % available % Double Bond
No. No. Mol. Formula (gms. ) (mls. at N.T.P.)]| (mins.) Cl replaced F replaced present
VII 2 C6H012F9 02182 1645 30 28 +2 30 155
L CeH 01 0.0982 176 20 930 - 6-0
VIII 1 06013F9 0'2083 160 20 293 L2 nepgligible
2 - 0+2085 2«1 20 27 5 1.0 negligible %
3 - 041911 ! 190 20 302 10 negligible x
Ly Cglf), C1F 02407 LO 0 20 832 none negligible
- 1 L 3 .r L[ ] L] L)
XII CGPx012F5 02717 235 20 20+0 8.7 10-0
c H
III - 04813 5045 + 100 LO <5 78 63
CelixCloFg .'

No correction applied for hydrolysis of starting material,

l
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chlorine were present, which obviously originated from
residual hydrochloric acid used in the preparation of
the catalyst. A correction for this was applied to

the results.
BROMINATIONS:

Quaentitative brominations of materials, which
appeared from their analyses to be pure compounds (see
TABLE (0), were attgmptedlby_sealing the reactants in
small glass bulbs and heating them in a furnace at 90%.
for a period of one week whilst irradiating them with ultra-
violet light. After this time the bulbs were allowed
t0 cool t0 room temperature, further cooied in an ethanol-
"Drikold" mixture end then broken open under lb% potassium
jodide solutions contained in polythene beakers; By
titrating the liberafed iodine with standard sodium
thiosulphate solution the unreacted bromine was estimated.
The resulis of the experiments are given 'in TABLE l% -

JODINE MONOCHLORIDE EXPERIMENTS
‘The materiels which enalysed to compounds were aléo
treatéed with iodine monochléride in the following menner,
About. 150 mgms, of material and 200 mgms. of iodine

monochloride were weighed into small (4 mm., internal diameter)

Carius tubes,which were heated in a furnace at 12090. for
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24 hours. They were then allowed to cool to room
temperature, and the unreacted iodine monochloride estimated.
by the methéd of CORNOG AND KARBES (J.A.C.S., 1932, 54,
1882). The tubes were cooled in an ethanoI-"Drikold"
mixture, opened, and excess of solid potassium thiocyanate
added. They were then sealed by means of rubber teats
and stoad in an ice-water mixture for five hours,-after
which time they were broken open under distilled water
contained in polythene besgkers. The iodine which had
been liberated was then extracted from the aqueous
solution with carbon tetrachloride and titrated with
standard sodium thiosulphate solution, Frbm the titre,

and a knowledge of the equation,the emounts of iodine

3KGNS + 3IC1 —> 3KCl + I(C.NS)3 + I,

honochloride.usediup were calculgted in terms of ioedine..

.The results of the experiments are given in TABLE 1§ .

EXAMINATION OF PEAK 4 FLAT VIII.

The Nitration of Chlorobenzene (see HOFFMAN AND DAME,

ibid., 1919, 41, 1013).

A nitrating mixture consisting of 20 mls., of fuming
nitric acid and %0 mls. of concentrated sulphuric acid was

pleced in a three-necked 100 ml. flask provided with g



TABLE Ik

Bromination Experiments

Amt, Br, required to
Flat Peak| Proposed Mol. | Amt. Taken Amt, Br Amt., Br, used| saturaté one double
No. No. Formula (gms.) Taken (gmg.) up (gfis. bond or replace one
H atom (gms.)
IIT 1 CéHCleg 01221  0+3050 00428 0062
III 2 CSHX012F8 0+1085 02131 0080 00588
Iv 1 CGHXC]'ZF? 0+1568 02377 00469 00904
Iv 2 C6HxClF5- 01104 02199 0«04 6L 00855
\'4 2 C6HC]_.2F9 02071 02399 00219 01054
VIII 1 CgCL5Fg 0+0905 1 0+2099 0008 -

°GGI



TABLE 15 . Iodine Monochloride Experiments

Amount of ICl in
_ I equivalent| I used term of gms. I for
Flat Pegk Proposed Amt., Taken | Amt. IC1l to IC1l up saturation of one
Noe. No. |Mol. formula (gms.) Taken (gmd|Taken (gms.)| (gms.) double bond, or
' . replacement of one
H Atom.
T 4 CEHCL,Fg 041238 | 0.2876 0-2248 | o0-.ou52 0+050
III. 2 CGH-xCl2F8 01170 02520 01970 00730 0050
Iv. 1 CGHXC]'ZF‘,? 01891 04311 0+3369 00231 0-0867
IV 2 C6ﬁx01F5 00784 02564 . 02004 00727 00477
v 2 CGHCL,F, 01363 04101 0+320 0+:0267 . 040552
VIII 1 CgClsFg 0+2853 0 -6648 0-5196 0009 -

Blank: 0+6559 gng IC1l when treated with excess
KCNS liberates, theoretically, O+342 gms.
of iodine, Amount found, 0-:343 gms.

“g6I
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dropping funnel, reflux condenser and thermoﬁell. From
the dropping funnel was added 10: gms. of chlorobenzene,,
the operation taking one hour during which the temperature
of the mixture rese to 45°C. The dropping funnel was
then replaced by e stirrer, and the contents of the

flask heated at 100°C. for two hours by means of en
"Isomantle". The mixture was then cooled to c. 50 C.,
and poured on to ice when the 2,4-din1tro compound
separated out. Yield 17.5 gms. (96% of theoretical).

On recrystallisstion from absolute alcohol material was
obtained with m.pt. 46°C. This was unchanged on further
recrystallisation from methyl ether,

The Nitration of Peak 4 Flat VII Material

To 8 mls. of a similar nitrating mixture (see above)
contained in a 25 ml. flask provided with a reflux
condenser was added 0.54 gms. of peak 4 flat VII materiall
(b.pt. 131°C; n%°‘1m5168). The mixture was heated at
100°C. for two hours with occasional shaking, cooled,
and poured on to ice. Material separated, which, on
recrystallisation from absolute alcohol, had m.pt. 45°C.
end mixed m.pt. (with 234-dinitrochlorobenzene from gbove

experiment) 45.5°b, It was taken and warmed for five

minutes with 3-4 drops of aniline in a water bath. On
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cooling 2s4-dinitrodiphenylemine was obtained as a
bright red crystalline mass, m.pt. 155-155.500.-after
recrystallisation from rectified spirit.

Hydrogenation of Peak 4 Flat VII Material

"The results for this experiment are'given.in TABLE 15,
aﬁd can be compared with the results for an authentic:

specimen of chlorobenzene which are given in TABLE | o
EXAMINATION OF PEAK 4 FLAT VIII

The Hydrolysis of p-Chlorofluorobenzene (see DE CRAUW,

Rec. trav. chim.., 1931, 753).

70 gms. Of p-chlorofluorobenzene were sealed up with
80 mls. of 3N sodium methylate in a Cgrius tube,and the
.mixture heated at 180: C. for a period of 15 hours. The
reaction product was.brown in colour, contained an
appreciable amount of -white sediment, and smelled strongly
phenolic. It was washed into a distilling flgsk with
water, the sediment dissolving, and about 60 mls. of
methyl alcohol and water removed by distillation. The
residue was acidified with 100 mls. of 7 hydrochloric
acid snd steam distilled. The distillate was extracted
with ether, the extract dried over anhydrous mégnesiwm

sulphate and the ether removed by distillation. Yield
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of crude p-chlorophenol 5.5 gms. (79% of theoretical)..
Derivativess- (i) A benzoyl derivati&e was prepared,

m.pt. 92°C. after recrystallis;tion from methylated spirits
(literature quotes 93°C.); (ii) with-bromine in acetic

acid p-chlorophenol is stated to give a 4-chloro-2:6-
dibromophenol (HUNTER AND JOYCE, J.A.C.S., 1917, 39,

2640) m.pt. 92°C.. The preparation of this derivative:

was carried out, and after several recrystallisations from an
alcohol-water mixture, and a decolorisation with animal
charcoal, material with m.pt.90%1 was obtained.

The Hydrolyg}s of Peak 4 Flat VIII Material

The above experiment was repeateﬁ on two batches of

" material from pesk 4 flat VIII. (a) 10 gms. of material
with b.pt. 130°C., ngo 1.4920 were hydrolysed with 100 mls.
of 3N sodium methylate at 185°C. for 20 hours and (b)

70 gms. of material with b.pf, 130°C., n%oi 1.4890 were
hydrolysed with 80 mls. of 3N sodium methylate at 185°C.
for 10 hours. In both cases the yield of product was
small, and althoﬁgh the same phenolic smell was
experienced as in the above experiment, it was accompénied
by a hydrocarbon-like odour. The: preparation of g

benzoyl derivative wes attempted but proved unsuccessful,

the product being an o0il which could not be persuaded to
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solidify. On treatment of samples of the products

from the hydrolyses with (1) ferric chloride in agueous
solution, a transient blue-purple colour was observed ,
(ii) ferric éhioride in alcohol, & green coloration was
obtained and (i1ii) with bromine water, a precipitate
was obtained. No attempt was made to isolate a bromo
derivative because the phenolic material was obviously

a mixture, and only e small amount was available.

INFRA-RED ANALYSIS

(Quoted from the feport of Dr. D.H. Whiffen.)

Apparatus

Two instruments were employed. One was a single=-
beam. Grubb. Parsons spectrometer (i), and the other a
single~beam instrument, made in the workshops at |
Birminghem University, which incorporated a grating asnd
had a greater resolving power.(ii).

Megsurements

The materials were measured (i) in the region

1800-1500 em™T in C. 0.3M solution in carbon tetrachloride.

Experience of perfluoro-cyclohexenes and -cyclohexadienes

and also hydro-~ derivatives indicates that the doﬁble

bond agbsorption occurs in the range 1770-1630 cm.-I, and
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that the exact frequencies depend on conjugation and
environgent. The intensity is normally 60% absorption
under the above conditions with a O.llmm. rock salt
cell, and always above 20% in the cases studied. The
materials were also measu?ed (ii) as pure liquids in
the seme 0.1 mm. cell from 2800-3200 cm >, which is

the region characferistic of C-H stretching frequencies,
the valﬁe c. 2980 em. ~t being found for hydroperfluoro- .
cycelohexanes, With the ﬁ atom attached to g double

bond the frequency is likely to be rather higher, c. 3050

FLAT-III PEAK 1 (06H012F9) (1) A1l absorption less than |
10% (1i) Bends at 2881 cm.™t (medium), 2992 cm.”¥ (strong),
ané 2094 cm._1 (medium}. Conclusion s~ saturated and
contains hydrogen.

FLAT III PEAK 2 (CQH C1,F.) (1) 30% ebsorption at 1695 om.™
(1i) Bands.at 2881.cm.-1 (weak), 2984 cm..-1 (medium), |
30ﬁ0f0mm-1 (weak), and 3105 cm.-1 (medium). Conclusion:-
certainly contains hydrogen and probably some double bondj

unexpeetedly it would seem likely that some of the hydrogen

is attached at the double bond. The intensities are:
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consistent with a mixture.

FLAT IV PEAK.1(06HXGIQF7) (1) 15% absorption et 1695 cm. ™t
(11) Bends at 2868 cm. L (weak), 2984 cm.”T (weak),

end 3097'cm.'1 (strong). Coﬁclusionx- much as for
£lat 3 peek 2 though the indications of unsaturation

are weaker, .

FLAT IV PEAK 2 (CGH C1E) (1) 10% absorption st. 1695 cm. ™
(ii) Bands at 2975 cm.'l'(weaki, 2984 em, T (very strong),
3036 em. ™t (very weak), and 3090 cm.-x'(strong).
Conclusion:- almost all saturated, but may be a trace:

of unsaturation. Certainly contains moere hydrogen than
the other samples..

FLAT V PEAK 2 (G6H012F9) (i) 10% absorption at 1695 em, 1

(ii) Beands at 2875‘cm.-1'(very weak), 2992 cm."1
(strong), 343 cm.-I (weeak). Conclusions— probably
saturated.
FLAT VIIT PEAK 1 (CCl,Fg) (i) A1l ebsorption less than
-10% (ii) Band- at 2990 cm.-l'(very weak). Conclusion s~
saéurated'and virtually free of hydrogen..

The interpretation of the bands near 2875 and 3110 cm.-l
is not clear. The most probable interpretation is that
these are difference and summation tones. respectiviely of

the C-H stiretching and a low frequency of c. 115 em. ™t
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This is supported by the fact that the former is
always considerably ﬁhe weaker, The compounds also

showed rich spectira when measured as pure ligquids in the

" 0.1 mm. cell from 1500-1800 cm.-l, but there is no

reason to doubt that these are summation‘bands and not
of great interest. |

FLAT VIII PEAK 3 (mixture) (i) 95% absorption at 1510
cm-.-1 Conclusions:- essentially éromatic in nature.
FLAT VIII PEAK 4 (66H401F) This material was measured
from 700-1800 cm..-1 between sodium chloride plates. The
spectra of the para isomer (NARASIMHAN, SABBAN AND
NIELSEN, J. Chem. Physies, 1956, 24, 420) and the ortho
isomer (NARASIMHAN AND NIELSEN, ibid., p. 433) have been
published and a comparison suggests that the para isomer
is present to an appreciable extent. (say 40%), and that
there may well be some ortho (say 20%) alth;ugh.there
remains some doubt on this point. ihere is certainly

a further component or components with absorption bands

at 701, 739, 775, 805 cm. -

" and elsewhere. Although
701. and 775 cm.-l'afe about the expected positions for
two strong bands of the meta isomer, the bands at 739
end 805 cm.”! are even stronger and not altogether ex-

pected for this isomer.. In the absence of a spectrum
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of the meta isomer it is impossible to say whether:
this compound, a fourth unsuspected material, or

both are present.
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Having obtained evidence for the presence of
chlorobenzene and chlorofluorobenzene in thé product
from Chlorofluorinetion Run No. 1, it was decided to
investigatg by chemical means the .possibility of fluoro=
benzene being present also. It would be expected to
" oceur in peak 2 flat II material together with bengzgene
and dichlorononafluorocyclohexane, but only in small
amounts because gas-chromatographic enalysis did not

detect its presence,
THE NITRATION OF PEAK 2 FLAT II MATERIAL

100 gms. of peak 2 flat II material were slowly
added& to a mixture of.60!gms. of concentrated nitric acid
and. 60 gms., of concentrated sulphuric acid contained in
a 250:ml. flask provided with a reflux condenser.. The:
mixture was refluxed for 14 hours, cooled somewhat, and
poured on to ice. The: organic material which separated

appeared to consist of a mixture:of mono- end di-nitrated

derivatives, and was separated from the agueous layer.
a) The équeous layer was continually extracted for 36
hours with ether, the ether extract dried over enhydrous

magnesium sulphate and the ether removed by distillation.
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The residue remaining consisted of nitrobenzene (b.pte
21190.), No fluoro-dibasic acid material was recovered.
b) The nitrated layer was dissolved in ether, the solution
- dried over anhydrous magnesium sulpha£e5 and the ether:
removed by distillation. A further nitration was then
carried out according to the instructions given by

VOGEL ("Practical Orgenic. Chemistry", p. 508) in order to
completely di-nitrate the material. The solid product

" obtained was agitgted with water at 6090., and the

mixture filtered hot. ﬁy this means unchanged nitro-
benzene, together with any l-fluoro-234-dinitroberizene
(m.pt.. 2305.), was removed from the m-dinitrobengzene.
Recrystallisation of the latter from rectified'spirit
afforded material with a m.pt. 90°C.,and a mixed m.pt.
90°C. .The material suspected to contain l-fluoro-2:4-
dinitrobenzene was boiled with 3N sodium hydroxide solution
for 4 hours, the mixture: cooled, acidified with hydro-

- 'chloric acid, and then fi;tered t0 remove tar and carboniseh.
material; These latier products were boiled with water,,
again filtered off, and the filtrate added to the main
filtrate. A steam distillation of this aqueous solution
was then carried out, and the distillate extracted with

ether. The ether extract was dried with anhydrous
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megnesium sulphate snd the ether removed by distillation.
A small amount of nitrobenzene only was recovered, no
phenolic smell was observed and the residue 4id not
react with aqueous or alcoholic ferric chloride or

bromine water.
DE-HYDROHALOGENATIONS

These experiments were éarnied out as follpws.
Approximately 200 mgrms. of material was dissolved: in
2 mls. of rectified spirit and 25 mls. of alcoholic
potassium hydroxide (N) added. In most cases an
immediate reaction occurred, solid potassium halides
being precipitated,and the supernatant liquid becoming
lemon yellow in colour. The mixture was shaken for
half en hour, then made up to 100' mls, with distilled
water wheﬁ the precipitate dissolved up and organic
material settled out of the solution. Analyses were
carried out on the aqueous portion for chloride and fluoride
by the method of cation-exchange (see CHAPTER YT ). In
the cases of peak 2 flat V and peak 1 flat VIII materials
experiments were carried out in which the de-hydro-
halogenation mixtures were refluxed before ﬁalogen
analyses were carried out. The resuits are given in

TABLE 16



“TABLE 16

De-hydrohalogenation Experiments

(Materials shsken with 25 mls. of N, alcdholic KOH)

Flat | Flat Proposed Amt. Taken ‘s % of Available Cl |% of Available F
No. NO.| Mol. Formula (gms.) Conditions Removed Removed
I 1 06012F10 02103 Room temp. negligible negligible
IIT | .1 | cgomoLEy 00898 Room temp. 144 1841
2 CGHx012F8 0+1606 Room temp. 1248 L8 4
Iv 1 06Hx-012F7 0+1693 Room temp. 8.0 197 -
2 | CgH,C1F, 0:1638 Room temp. 195 363
v 2 | CgHCL,Fg 01729 Room temp. 21+3 2845
2 C.H C1.F 0-15uu Refluxed. for 371 586
6°x""2'9 6 hours
VIII| 1 CgC15Fg 0-1422 Room temp. negligible negligible
1| CglLsFg 01806 Refluxed: for L5 3 510
' 8 hours
XIT - C6Hi012F5 01146 Room temp. 235+2 2440
mixture
III - C6H012F9 '
05208 Room temp. 000258 gms. 0+08584 gms.
C6Hx012F8 g

°89I
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THE OXIDATION OF FLAT III

5.417 gms. of material were heated at 105°c. with
potassium permanganate (20 gms.) and water (80 mls.)
for 6 hours in a flask provided with a reflux condenser..
The reaction mixture was filtered, and the filtrate treafed
with.sulphur dioxide until the exceés of permangenate had
Been reduced, and then refiltered. The filtrate was:
acidified with concentrated sulphuric acid (10 mls.) and
was: then extracted continuously with ether for 24 hoursm'
The ether extract was dried over anhydrous magnesium
‘sulphate snd distilled to remove ether. A ;esidﬁe
~of about 3 mls. remained which had a smell resembling
that of trifluoroacetic acid. It was dissoived in a
small amounit of ether and the solution added to aniline
in ether. 4 diaﬁilinium salt was formed which was
subsequently recrystallised from acetone. A m.pt. was
not obtained because it started to decompose at 210°C,
Analysisi- Found 5.7%; P 6.2%; equiv. (by titration
with NaOH) 195; Cltf ratio = 132,03, The molecular
weight of the acid was, therefore, 206. This anslysis

does not fit any theoretical formula.
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ANALYTICAL SECTION



A method was required. whereby the chlorofiuoro
compounds obtained by the action of chlorine trifluoride
on benzene in the vapour phase could be quickly and |
. accurétely analysed for halogen content. The method
also had to be applicable to compounds containing,,
besides halogen, nitrogen and oxygen because in the
elucidation of the structures of the compounds by
chemical means derivatives containing these elements
might be obtained (e.g. dianilinium salts of
dicarboxylic acids). Such a method, which entirely
eliminates all the failings of the hitherto known
procedures, has been devised. It is both quick
and accurate, and experienced analysts are not essential

for its success.

I7I,



Chapter ML

The Application of Cation Exchange Resins to the

Semi-Micro Determination of Chlorine, Fluorine end

Nitfogen in Organie: Compounds.

I72,



173

Introduction

The determingtion 6f helogens in fluorine-containing

- orgenic compounds has slways been tedious and difficult..

In the case.of fluorine, one is'faced, after carrying out

the sodium fusion in a nickel bomb sueh as that described
by BELGHER AND TATIOW (4nalyst, 951, 16y 593), either
with the awkward end-point of a fhorium nitrate titration,
or with the longer procedﬁre of the lead chloro-fluoride
process. 4s has been shown by BELCHER et al (Mikrochim.
Acta, 1953, 2; 283%; Analyst, 1952,_11, 602) both methods
will give excellent results in the hands: of experienced
analysté especially since the possible error involved in
seeing the colour change of the sodium alizerin sulphonate
has been so much reduced by their colour compérison

procedure. For the chlorine, direcx argentometric

titration of the chloride in a fusion solution using

diehloro=R-fluorescein is, in my experience, impossible;
other direct methods do not give sufficiently sharp end-

points, and again recourse has to be made to iongenfindire@t
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methods such &as those described by BELCHER, MACDONALD AND
NUTTEN (Mikrochim. dcta, 1954, 4, 104), or BROWN 4ND

MUSGRAVE (Anal. Chim. Acta, 1955, 12, 29). I have found,
however, thaj the determination of these elements in

organic compoﬁnds can be simplified considerably by meking

use of cation exdhange resins which permiﬁ the determination
of total halogen by alkalimetry. The resins also remove

ions which are due to use of excess of sodium in the bomb

and 1its subsequent neutralisation, end which interfere in

the chloride estimation.  SAMUELSON (Ion Exchangers in
knalytical Chemistry, John Wiley-and Sons, New York, 1953)

has used cation exchange resins for the estimation of chloride,
bromide end iodide, end OSBOEN (inalyst, 1953, I8, 220)

hes mentioned their use for the estimation of fluoride, but
both suthors have simply teken solutions of thé pure

" inorganic salts concerned and have not cons?dered any of

the difficulties which.inevitably occur when ‘the methods

are applied to routine analysis of organic compounds in

the laboratory. rﬁere are quite a number of these o
complications, aﬁd one point which must continually beé borne

in mind when using these resins is thaf any salt whatsoever

will interfere since, on passing through the column, it '

will give rise to an acid.
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The Development of the Method.

Polythene columns of the dimensions shown in DIAGRAM 3|
have always been used. for the exchange columns, containing
aﬁout 20 gms. of Amberlite IR~120(H) as packing. However,
ﬁhen enalyses are carried out on the semi-micro scale 1t
is doubtful if polythene is really necessary since I found
that the dilute hydrofluoric acid could be.collected and
titrated in glass flasks without introducing any error.
Such an smount of resin, in tﬁe acid form, is equivalent to
gbout 30 mls. of N Ne* (or 150 mls. of a fusion selution
which is generally 0.2N in Na') but the columns were

, regeneratédiafter T70: mls. of fusioﬁ sélution had been
passed thrpugh them. This regeneratipn involves the
addition to the column of 250 mls. of N HC1l which is then
eluted with one litre of distilled water.

The'aetuél columns were fabricated from polythene
tubing by the method shown in DIAGRAM 30. The washer was
cut from " polythene sheet.by means of warm cork borers,
then the outlet tube sealed intd it by warming the parts
gently over a small bunsen flame before pressing them
together.‘ The joint between this po:tion-and the body
of the column was made by a similar procedure..

The column was filled as followsi- A support of
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polythene chips was placed in the column followed by resin_
(acid form), introduced by meens of a spatula, until the
support wés covered to a depth of about 2". The remainder
df’the reéin was then introduced in'the form of a slurry
with water. By this means the polythene chips were
prevented from fioating out of position.

| The resin chosen for the work was Amberlite IR-120:(H).
This is a sulphonic acid type exchanger based on a polystyrene .
ﬁﬁtrix containing some 10% of divinyl benzene. The resin
islinsoiuble in water and4any of the common organiec solvents.
It is éuite steble at elevated temperatures (90°C or higher)
end in strongly acld or alkaline media. It has a high
exchange capacity, a good exchange rate and no great tendency
to:change volume on conversion from one form to anothexr.

When 10 ml. eliquots of either 0,01N sodium chloride or
0.01N sodium fluoride were washed through the resin with

70 mls. of water from a dropping funnel end the resulting
eluates titrated with 0.02N sodium hydroxide using Ma and
Zuazaga's indicator (methyl red screened with bromocresol
green,'cdlour chenge r-g,through purple, at pH 5.1), the
concentrations obtained for chloride and.fluoride ions |
respectively were identical with those expected by theory

(see TABLE IA) In order to obtain reproducible results
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with these ailute solitions, 1t was necessary %o boil all
-the water used. in preparing solutions to remove carbon
dioxide, to use carbonate- free sodium hydroxide and to
carry out blank runs on the distilled water to ensure its
purity. On no account was water with a blank in excess
of 0.0% mls. of sodium hydroxide employed. During a period
when the only available distilled water had an exceptionally
'nigh blenk a "Deminrolit" column was set-up in order to
purify it.further before'use.' TABiEI7kélso;shows results
obtained on.soluiions containing both €l and F. ~ In these
determinations 20 ml. aliqﬁots of a solution conteining:
both ions ﬁere washed through the column and total
halogen determined by titrating the washings with sodium
hydroxide, A second‘aliquot was then put through, the
samé_qmoﬁnt of sodium hydroxide added to 1% without ﬁsing;
any indicator, then the solution evaporated down to about
15 mls., céoled, end titrated with 0.01N silver nitrate
ﬁsing dichloro-R~fluorescein as indicatér.. This titfe
‘gave a value for chloride content, ﬁhich was subtracted
from the totalﬂhglogen content to give a value for fluoride.
Nevertheless, even when the precautions mentioned
above were applied to the solutions obtained by fusing
organic compounds containing either chlorine or fluorine

with sodium, poor results, which were eventually traced to:
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two causes, were obtained. The,firsj was due to water
sqlubie:salts in the filter papers used to separate the
carbqn.residues. Varioﬁs grades of filter paper were.

. washed with 80 mls. of distilled water, the washings made
up $0.100 mls. end then 10 ml. aliquots washed through an
ion exchénge column. The acid present was equivélent to
between 0,02 and 0.08 ml. of 0.02N NaOH dependinglon the
grade of filter paper, This source of error was easily

removed by using sintered glass funnels of No. 1 or No. 2

porosity.

TABLE I"7A

The Estimation of Cl and F, both Seperately end in Mixturess

gus. F gus. F gms. Cl gms. Cl gms. CL
present found present found found
- (NaOH) (NaOH) (4gNO,)
10.001849 | 02001846 - - -
0.001849 | 0.001849: - - -
- L 0.003625 | 0.003625 -
0.003625 | 0.003630, 0.003630
0.001849 | 0.001849 = | 0.003625 | - 0.003625
0.001849 | 0.001853 0.003625 - 0.003625

The second source of error lay in the method used to

‘destroy the excess of sodium used in the fusion. although
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‘pure alcohol when added to a synthetic fusion solution did
not affect the eventual acid alkeli or argentometric
titrations (see TABLE I78), when alcohol was used: to destroy
excéss of sodium in an actual fusion high results were
obtained. In a test run in which glucose was fused in
the normal way,.the eicess of sodium was destroyed with
alcoﬁol ;ﬁd the fusion solution made up to 100 mls; .a

10 ml. aliquot was equivaient'to approximately 0.2 ml. of

0.02N NeaOH.

TAGLE 1Y p

The Analysis of Synthetic Fusion Solutions Containing c1,

F, EtOH and made O.2N w.r.t. NeOH.

% EtOH gns. F gns, F | gms. Cl - gms. CL

present present found present found

- ‘1 (NeOH) | ' (4glN05).

- 0.001479 | 0.001479 | 0.002903 0.002903

5 | 0.001479 | 0.001488 | 0.002903 | 0.002909

10 0.001479 | 0.001488 | 0.002903 | 0.002960

20 0.001479 | 0.001488 | 0,002903 | 0.002910
33 0.001479 | 0.001488 | 0.002903 -

40 0.001479 | 0.001488 | 0.002903 0.002908

an altérnative'method for destroying the sodium is
described by BELCHER et al (loc. cit.) and involves packing

the bomb with solid carbon dioxide and then adding water
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icarefully. This method results in the formation of a
considerable amount of sodium.carbonate, which has to be
removed as carbon dioxide by boiling the acidified
“solution. Although this method is quite safe with the
very dilute fluoride solutions obtained on the micro
 scale, experience has shown that on a larger (semi-micro)
écale there may be a loss of up to two per cent of
fluoride ion on boiling (ELVING, HORTON AND WILLARD,
Fluorine Chemistry, Vol. IIﬁ'AcademicJPress, and m& own
observations). The mein. fault with the method in this
case is thaet the solid carbon dioxide contains non-
volatile, soluble impurities which on passing through the
resin are converted into acids; end cause results to be
too high. Thus, after destroying some sodium in a nickel
basin by this method, meking up the solution to 100 mls.”.
passing a 10 ml. aliquot through the resin, end then
boiling off the carbon dloxide from the wéshings, the
“volume of.0.02N NeOH required could not be reduced below
0,66_m1._ Therefore the apparatus shown in DIAGRAM 3|
was devised for destroying the excess of sédium_iﬁ an
atmosphere of nitrogen at room temperature. Water is:
added from the dropper at the rate of about one drop

-every twenty seconds at first, but more quickly as the
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sodium is destroyed. If the operation is carried out
carefully no splashing occurs; this needs to be avoidead
since 1t results in attack on the glass by the concentrated
alkall with slight buffering of the end-point in the
aciq-alkali titration. By this method the amount of
carbon dioxide absorbed by the fusion solution is very
small and is easily removed by bringing the washings: from
an elution to the boil and cooliné immediately before
adding indicator and titrating. The introduction of
impurities is also avoided. When these preeautions'were
takeh, excellent results, which are shown in TABLE 2l ,
were obtained, '

When both chlorine and fluorine were present in the
orgaﬁic compound, the titration of.the eluate with sodium
hydroxide gave the-quivalent'of the_total halogen present
and en accurate method for the determination of chloride
.was necessary in order to be able to find the fluoride by
‘difference. As has already been stated by BROWN AND
MUSGRAVE (loc. cit.) it is impossible to take an aliquot
of the sblution-irom the sodium fusion, neutralize it
with nitric acid and titrate with silver nitrate using
dichloro-R-fluorescein as indicator, because the end-points

are quité haphazérd,'presumably because of varying high
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concentrations of nitrate ions from the neutralization.
However, it was found that if an aliquot of the solution
from the fusion was first put through the ion exchange
colum and then neutralized with the amount of alkalil
already known-from the determination of total halogen, the
dichloro-R-fluorescein indicator worked perfectly well,
provided the solution was first evaporated down until it
éontained approximately 2 mgms. of chloride ion per 10 mls.
of solution.‘ This figure was chosen because the solution
is fhen sufficiently concentrated to give a good colour
change without the colleidal silver chloride coagulating -
before, or at, the end~point as it does when more

concentrated solutions are used. The success of the method

- is simply due to the removal of excess alkall by the resin,

with the result that the silver nitrate titration is
carried out on a more or less pure solution of sodium halides,,
the only conditions under which adsorption indicators
function properly. |

An alternative procedure, . snd one which is better
when solutions containing only small amounts of chloride
ion (up to 1 mgm. per 10 mls.) are being titrated, is to
neutralize the eluate from the ion exchange column with

0.02N. NaOH using methyl red screened with mefhylene blue
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as indicator &ndlthen proceed directly to the determinatioﬁ
of the chloride using mercuric oxycyanide as described

by BELCHER, MACDONALD AND NUTTEN (loc. cit.). The
application of this method fo the cation exchange work

was suggested by CUTHBERTSON,who had previously scaled

the method up for semi-micro quantities. (See his Ph.D.
thesis, 1956). Ma and Zuazaga's indicator can be used

in this process but does not give such sharp end-points,
and results tend to be slightly low.

It should perhaps be stated at this stage that successful
attempts have been made by DeGEISO, RIEMAN AND LINDENBAUM
(Anal. Chem., 1954, 26, 1840) to separate chloride, bromide
and iodide ions on an anion exchange column. Simi;an-
methods would no doubt permit the separation of chloride
and fluoride ions,but the procedure takes three hours which
is too long for a routine analjsis.

The cation exchange method can a;so be applied to
organic compounds which contain nitrogen as well as chlorine
and fluorine. As stated by BROWN AND MUSGRAVE (loc. cit.),
the nitrogen cannot be determined as cyanide if oxygen is
present in the compound, since a certain amount of cyanate
is then formed. If no oxygen is présent, the cyanide is

determined by DENIGES' method (DENIGES, Compt. rend., 1893,
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117, 1078), but both cyanide and cyanate must be removed

before the halogens can be determined. The cyenide can

| be removed by treating an aliquot of the alkaline solution-

from the fusion with formaldehyde and allowing the mixture

to0 stand for about 30 minutes when the cyanide is converted

"to hexamethylene tetremine. (As reported on by GRAHAM,

J. Ass. Off. Agr. Chem., 1927, 10, 150.) The mixture

can then be put through the ion exchange column where any

. sodium cyanate 1s converted to cyanic acid which immediately

decomposes to ammonia and carbon dioxide, The ammonia is
retained in the column and the carbon dioxide passes through
in the solution. This is removed with the rest of the
absarbed carbon dioxide when the washings are heated to the
boiiing point and then cooled before adding the indicator

and titrating. Such treatment does not affeect the fluoride

‘estimation. Precautions in the removal of cyanide and

caébon'dioxide need only be taeken when fluoride is present;

~if this is not so the solution containing chloride,,

cyanide and cyanate need simply be boiled,after passing

.through the column, until the hydroecyanic acid has been

r

carried out on synthetic solutions in order to determine the

effect on the titrations of destroying cyanide with 0,10N
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formaldehyde solution. In TABLE 18 the efficilency of.
removal of cyanide was determined by means of alkalimetry
after passing the solutions through the column. The blank
on the potassium cyanide was carried out by passing a 5 ml.
aliguot through the column then boiling off all hydrocyanic
acid from thé washings before titrating. - In TABLE {9
the efficiency of removal of éyanide froﬁ sqution was
determined by meens of a direét argentometric titration
without passing the solutions through the column, The
synthetic solutions were first neutralized to phenolphthaleln
wiﬁh 0.02N NaOH, then one drop of M.A.R. 0.01N HN’O3 added
before titrating with 0.01N AgN03_using:dichloro-R-fiuoreseein
aé indicator. This was not an easy operation because
troublesome frothing occurred which maerred the end-points.
TABLE 20 shows results fxom enalyses carried out on
synthetic fusion solutions, from an examination of which it
can be seen that, within th@ilimits of experimentél error;,
formaldehyde does remove c&anide from smich a solution.
TABLE 2| shows that excellenti results can be obtained when
this method 1is appliédato an actual fusion of an organic

compound.
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TABLE |8
0.01N KCN 0.10N HCHO 0.02N NaOH NaOH titre
: titre adjusted for
: KCN & HCHO blenks
5 mlSo - 0.2 ml. -
5 mls. 1 ml, 0.22 ml. + 0.004 ml,
5 mls. 3 mls.. 0.25 ml. + 0,002 ml..
10 mls. 2 mls. 0.45 ml. + 0.018 ml.
15 mls. 3 mls. 0.65 ml. + 0.002 ml.
- 5~m15. 0008 mlo -
TABLE 19
0.01N NaCl 0.01N KCN - 0.10N HCHO 0.01N 4gN0; titre
10 mlS. - - 8. 73 mls..
10 mls. 5 mls. 2 mls, 8.78 mls.
10 mls. 10 mls. 2 mls. 8.8% mls.
10 mls. 15 mls. 2 mls. 8.88 mls.

(It can be sgen from the results that the KCN solution

contained chloride equivalent to 0.05 mls. 0.01N AgNO3

per 5 mls.)
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The: Analysis of Synthetic Fusion Solutions Containing C1,

F, CN _and made 0.2N w.r.t. NaOH

OOOJ-N OQO]-N ‘0.0IN OoleN 1.02N 0.0IN
NaF NaCl "KCN HCHO NaOH AgNO
' L titre = titré
10 mls, |- 10 mls, - - 8.25 mls, 10.8 mls.
10 mls.| 10 mls, | 5 mls. 1l ml, 8.24 mls, -
10 mls., | 10 mls. | 5 mls, 2 mls. 8.27 mls, -
10 mls.| 10 mls, | 5 mls, 3 mls.- 8.3 mls., -
10 mls. | 10 mls. | 5 mls. [ HCN boil- - 10.84 mls. -
. ed off
10 mls. | 10 mls, | 5 mls, | HCN boil-| - 10.8% mls.
' ed of?f '

% Titres adjusted for KCN and HCHO blanks (see TABLE I8).

Sodium hydroxide solution.

Silver nitrate solut%on.

Mercuric oxycyenide solution.

0.02N.
0.01N.

20 ‘g. of mercuric

oxycyenide were shaken with 1 litre of distilled

water and the solution neutralized approximately

with 0.01N sulphuric acid using methyl red-methyliene

blue indicator, and filtered inte a brown glass bottle.

Sodium chloride solution.

Sulphuric acid solution. 0.02N.

0.01N.
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Ammonig solution. ©6N.

Formeldehyde solution. O0,1M.

- Indicators

Methyl red-methylene blue. 0.125 g. of methyl red was
dissolved in 50 ml. of 90% ethyl alcohol; 0.083 g. of
methylene blue was dissolved in 50 ml. of 90% alcohol. Equal

parts were mixed immediately before use..

Methyl red-bromocresol green, 0.04 g. of methyl red and

0.06 g. of bromocresol blue were dissolved in 100 ml. of

95% - alcohol.

Dichloro-R-fluorescein. 0.1l g. in 100 ml. of 70% alcohol.

-EXPERIMENT AL, PROCEDURES

Take é known weight of the orgenic compound containing
about. 10mg. of the elements to be determined, using a nickel
weighing capsule.if the compound is & liguid. Fuse with
excess of sodium for 1-1% hours at 600-700°C. in a nickel
bomb. When cold, wash the outside of the bomb with
distilled water and discard the washings. Remove the 1id and
wash the underside with a little water, allowing the washings
to run into. tube A, DIAGRAM 3l . Now place the cup of the
bomb in A, put on the 1id B end pass a stream of nitrogen to

displace the air. Add water, drop by drop, from the dropper
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C, which is fitted with a rubber teat, taking care that

no sodium splashes out onto the glass:wallé. When all of

the sodium is destroyed, cover the nickel cup with water and
heat A iIn a water bath to 50°¢. for sbout two minutes so as to
complete: the extraction and coagulate the solid matter,

Cool, filter, and wash quentitatively, using a funnel with

a sintered glass filter_plate'of'No. 1 or No. 2 porosity,

into a 100 ml. standard flask,.

_If chlorine or fluorine is present alone. _

Take an aliquot (10:ml.) of the fusion solution and run
it from the pipette.opto the amberlite resin. =~ Elute it
with 70 ml. of boiled distilled water over a period of 10
minutes, collect all of the eluate, heat it to boiling point
and cool immediately. Titrate the whole of this with
standard 0.02N NaOH solution using methyl red screened with
either bromocresol green or methylene blue as iﬁdicator
(10 drops).

If chlorine and fluorine are present.

Proceed as above to determine the total halogen content,
and then take a second aliquot, pass it through the column,,
neutralize with the previously determined volume of 0.02N
NaOH, and then eVapofatg until the solution confainé

approximately 2 mg. of chloride per 10 ml. . Titrate this
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solution with 0.01N silver nitrate solution using ten
drops of dichloro-R-fluorescein as indicator, the end-point
being the disappearance of the green fluorescence with

the appearance of a buff colour on the colloidal silver
chloride.

Alternatively, after neutralization using methyl red
sereened with either methylene blue or bromocresol green
as indicator, the chloride can be determined in the same
aliquot using mercuric oxycyanide as described by BELCHER

et al. Methyl red-methylene blue is the better indicator,

If chlorine, fluorine and nitrogen are present.

| If there is no oxygen in the compound and the cyanide

ig.to be determined, this 1s done by DENIGES' method, an

aliquot (25 ml.) of the fusion solution being treated with
6N emmonia solution (7 ml.) and 0.1N KI solution (2 drops),
and titrated with silver nitrate_so;ufion.to é permenent

turbidity.

For the determination of chloride and fluoride, an
aliquot (10 ml.) of the fusion solution is treatéd.with
0.1M aqueous formaldehyde (3 ml.), allowed to stand at
 room temperature for 30 minutes to ensure complete reaction
of'the cyanide, and then washed through the ion exchange

column and treated as before.
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It is necessary to carry out a blank determination
on the formaldehyde solution, since it contains an

appreciable quentity of formic acid.

Siﬁde this work was published (BANKS, CUTHBERTSON
AND MUSGRAVE, Anal. Chim. Acta., 1955, 13, 442). the work
of EGER AND.YARDEN'(Bulx. Regearch Council Israel, 1954,
4, 305) has eppeared in the literature abstracts. (Am.C.A.
1955, 49, No. 19, 13018i). These workers fused organic
fluoro-compounds with sodium peroxide in a Parr bomb, then
passed aliquots of the fusion solution through columns
cbntaining Amberlite IR=112 (. H.) and titrgted the effluates:
with thorium nitrate using sodium alizarin sulphonate as
indibator.. Presumably they used the resin merely to:
5clean up" the fusion solution sé that thé composition of
the solution to be titrated would be as close to that of
e synthetic solution as possible. They missedithe.great
opportunity of dispensing altogether with the thorium
nitrate titration and its fallings. They also estimated
chloride and bromide in fusion solutions, but details of
this'are not given in thb abstract. fhe_work of ZENIN
(Gidrokhim Materialy, 1954, 22, 115; Am.C.d4., 1955, 49,

No.2l,, 14568¢) has Elso:recently appeared, in the abstracts,
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but here again alkelimetry was not employed in the
determinations. Gation.exchangers were used in the gnalysis
of solutions for 5, the determinatiqn being carried out

by (a) thorium nitrate titrations snd (b) .colorimetric
progedurés;_ Both of these weie found unsatisfactory,,

so the fluosilicic acid method had t0 be reverted to.
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ANALYSES OF "KNOWN' ORGANIC COMPOUNDS.

% 1 T =&+ BN
) Removal of
Compound (g) Calc. Found. Calc.. Found Calc, Found Cyanide
NaOH  AgNO, HgO.Hg(CN)2
Benzene Hexachloride )
(0.08863) 73¢2 732 7342
(0,05232) 73.2 T73¢3 1345
Chlorobenzene _
(0,03771) 31455 31.5 31.L 31.5
31 4 53 31.5%
(0.05880) 31.55 31.5 31.4L
(0.0540) 3155 3145
m-Chlorobenzoic acid .
(0.06709) 22,65 22.6 22,6
(0.,0819L) 22,65 22,5 22,5
(0.08492) 22,65 22.7 22.6 22, 6%
22, 7% 22,4
(0,09473) 22,65 22, 22,4 22,33
22.5% 02,2
1,1-difluorogyclohexane
(0.05909 31.67 31.5
(0.05859) 31.67 31.5
p-chlorofluorobenzene
(0,06L:90) 27.2 27.0 14,57 14.6
(0,056L0) 27.2 27.3 14,57 1hely
p~-chloronitrobenzene
(0.12L07) 22,54 22,5 22,5 HCN boiled Gff
(0,09851) 22,5L 22, L 22,3 HCN boiled off
22,5 HCHO added
(0.1051L) 22,5l 22,5 22,4 21,9 HCN boiled off
22 . LUz 22.5=% HCN boiled off
22,6 HCHO added
22, 6% HCHO added
Anilinium trifluoroacetatﬂ .
(0.05340) 27.5L 27.5 HCHO added
_ 27 5% HCHO added
(0.07057) 27454 27.8 HCHO added
Anilinium chloride
(0.11464) 27.40 27.4  27.4 10,81 10.7 HCN boiled off
2705 HCHO added
(0.05221) 27.L0 27.,L  27.3% 27.4 10, 81 10.7 HCN boiled off
27.hx - 27.5% HCN boiled off
27+5 HCHO added -
27 L= HCHO added
2-chloro-5-trifluoromethylacetoacetanilide .
(0.06069) 12.7 12,5 20. U4 20. 4 HCHO added
(0.04759) 2.7 12,3 20,4 20,1 HCHO added
Anilinium chloride + 1,1-difluorocyclohexane -
(0,02170) + (0.02972) 27.40 2742 31,67 31.6 10,81 10,9 HCHN boiled off
. 27 « 3% 31.5% for C1l- detn.
HCHO gdded for
(0,02143) + (0,02969)  27.L0 27.2 27 3% 31,67 31, 5% 10,81 10.7 NaOH titn.
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APPENDIX
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Ch-gp»ter NI

The Development of a New Binagry Test Mixture

for Evaluating Distillation Columns

at 50 mm, of Mercury.
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It was necessary when choosing the type of column
most suited to the task of separating the components of
Chlorofluorination Run Number One by fractional distillation
to compare the efficiencies of different types of column
both at atmospherié pressure and under vacuum (see p. 34 ).
Now although several workers have operated concentric—tube
columns under reduced pressures (see CRAIG, Ind. Eng.
Chem., 4nsl. Ed., 1937, 9, 441_and HALL AND PALKIN, Ind.
Eng. Chem., 1942, 14, 807) no data has been given in
the literature which will allow a direct quantitative
comparison of the efficiencies of such columns when
operated at different pressures. Thus,'as the'theory
of distillation is not yet in a position to enable the
effect of pregsure on efficieﬁcy'to be calculated
quantitatively, although predictions can be made (see
the discussion at the end of this chapter), it was
necessary to test the concentric-tube columns unde£=
rgduced pressure and so ensure that their efficiencies
under vacuum were still superior to thosg of other‘typeé
of column,

The first attempt to test the columns was made at
1 mm, pressﬁre using the di-n-butyl azelate-di-n-butyl

phthalate mixture of WILLIAMS (ivbid., 1947, 39, 779).
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At this pressure, however, it was found difficult to
maintain steady boiling for long periods,and the values
of efficiencies obtained varied between five and ten
theoretical plates. Phis failure to obtain
reproducible equilibrium conditions maey have been due

in part to the Cartesian diver type mannostat being
employed in the vacuum system as it is not reliable below
10 mm, pressure. Thus it was decided to test the
columns in the region of 50 mm. where even boiling could
be easily and simpiy maintained by means of a small
internél pot heater of the type alreédy described
(DIAGRAM {3, and ps 92 ). However, since the mixtures
(n-dodecane~cyclohexylcyclopentane and n-tridecane-
dicyclohexyl) described by FELDMAN et al (ibid., 1949,
41, 1032) for use in this pressure range were not
readily available and, in any cese, only suitable for
columns having up to twenty plates, and the o-dichloro-
benzene-diethylbenzene mixture of BﬁAGG-AND RICHARDS
(ibid., 1942, 34, 1088) would have involved a difficult
separation of o- and p~ diethylbenzenes,it was decided
to find a new test mixture the components of which

could be obtained easily. After searching through lists.

of physical constants it was decided that a mixture of
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méthyl benzoate and methyl caprylate ought to be.
suitable provided that they did not fofm a constant boiling
mixture,

It was found that these two esters meet all the
requirements listed by WILLIAMS (loc. cit.) for components
of a test mixture which is to be used for evaluating low
pressure distillation columns, except that they do not
form ideal soiutions. This, howevér, ¢oes not preclude
the use of mixtures of the esters from efficiency tests,'
but merely limits thé renge of the mixture to about forty
thebrétical'plates. Otherwise, they are close boiling
(see DiAGRAM 32 ), have a large difference in refractive
index (0.1 unit) which permits accurate analysis of
mixtures by means of simple refréctometry, are liquids
at ail ordinary temperatures, do not react chemically

with. each other, and are thermally stable.
EXPERIMENT AL.

Materials Used

Commexdel methyl benzoate was dried over anhydrous:

magnesium sulphate and then distilled under reduced
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pressure through a concentric-tube column which had en
efficiency of 60 plates at. atmospheric pressure. The
material used in all the experiments had the following
physical constentsi- b.pt. 112°C/40: mm., n§° 1.5172.
Methyl caprylate, 0H3(CH2)6000;CH3; was prepared in
91% yield from ceprylic acid by the method of SAUER et al
("drganic Syntheses", Wiley and Sons, Inc., N.Y., 1955,
Collective Vol. III, p. 605). The crude produect was
dried over anhydrous magnesium sulphate then distilled
under reduced pressure as gbove to give material with the
following physical constantss— b.pt. 11500/58 mm, , n%o

1.4173..

Equllibrium Determinations

Mixtures of the two esters were weighed out, the
refractive indices determined at 20; 4 0.1°C using an Abb&
refractometer, and a. refractive index;composition graph
' constructed. from the date (DIAGRAM 33 TABLE 22). Vapour-
1iquid equilibrium determinations for mixtures of the two

esters: were then carried out at 50 mm. pressure by the
~method of WILLIAMS (loc. cit.), and using an apparatus
which wes a modification of his still (DIAGRAM 3%).. The
main difference lies in the heating arrangements for the

boiler; after trying several methods, including that of



TABLE 22

Refractive Index-Composition Data for Methyl Benzoate-

Methyl Caprylate Mixtures

Mole % Refractive
Methyl Caprylate Index (nDzo)

0 15172
2.58 145131
726 15065
1940 14923
1326 14992
25 <04 14849
31 4b 14777
36453 14725
397 14689
6.2 14625
505 14590
61+9 14473
666 14430
716 14387
8L.+0 14290
92.2 14230
100 14173

205,
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(4] 6 %6 S0 |;0 _33 T 8‘0 ‘70 loLo-
~ More Per Cent MeTuvL CAPRYLATE.

DIAGRAM 33 REFRACTIVE INDEX - COMPOSITION CURVE
FOR THE C,HsCOOCH,=CH (CH,) COOCH, MIXTURE.
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Williams, it was found that the only reliable means of
causing steady boiling was to supply the main emount. of
heat from aﬁ "Isomantle™ and to have a small.internal
heater consisting of 12" of oxynichrome tape (24.8 ohms/yard)
wound on a mica former. An eleetrically-heated brass
oven body was employed to keep the wglls of the still

at a temperature of 130°C;i.e. about 15° ebove the boiling
point of methyl benzoa?e at 50 mm., thus preventing con-
densation and fractionation. The heater was controlled
by means of a Variac transformer. For each mixture of
esters(60 mls.) the still was allowed six hours to attain
equilibrium before samples.of distillate ana distilland
were taken for analysis. The: hold-up loop had ; capacity
of 1.5 mls., and the joints and tap were lubricated with
mennitol grease. The vacuum system to which the
equilibrium still. was connected has been described
previously (DIAGRAM I ).

The vapour-liquid equilibrium data obtained is shown
in TABLE 23. It can be seen from the variation in
relative volatility fhat mixtures of the two esters do not
form ideal solutions, and,therefore, when the mixture
1s used to evaluate a column a graphical method such as:

that of McCABE AND THIELE (Ind. Eng. Chem., 1925, 17, 605)
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Vapour-Liquid Equilibrium Data for the Methyl Benzoate-Methyl

'Caprylate System at 50 mm, of Mercury

np?® Mol. % Methyl Caprylate [ poi ..
Residue Distillate in Liquid | in Vapour Volatility
145172 - 0 0 -
15142 145132 2.0 2.6 1 +308
1 +5045 15020 9.2 11425 1+251
15034 1+5008 10402 12.2 14250
14968 14932 1545 . _ 18-5 14238
14893 1414852 2145 2540 1.217
14823 14775 27+5 3143 1201
14765 144728 325 357 1+153
14711 14680 3743 LO L 14414
14670 14610 L1 5 Ll 5 14113
14626 144595 465 4945 141128
1 4561 14542 5245 548 1409
14529 14510 560 58 +1 109
1 +4lli0 1 <4428 655 670 107
14326 1 14320 792 80 14051
14318 14312 802 808 1+039
1 +14261 14258 872 875 1017
14196 14196 9646 96+6 1 +00
144473 - 100 100 -
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must be employed. to calculate the number of theoretical
plates. In order to facilitate this calculation, a

graph of refractive index against theoretical plates was
constructed in which the vertical scale has no absolute:
zero (DIAGRAMS ;’i). The platage of a column is found by
subtraéting the plate value corresponding to the
refractive index of the distilland from that corresponding
to thé refractive index of the distllate when it has come
to equilibrium. |

Testing the Columns

This procedure has already been deseribed in detail
(p. IOl ) and details of the results obtained given in
TABLE 6 , D.l07. Quantitatively the efficiencies of the
colums were reduced by 50% when operated at 50 mm, ,
which.sﬁows that the concentrie-tube type of column was
much superior to other types of column for the problem
in hand.

Distillation of a Known Mixture

In order to obtain some practice in the art of
operating a continuous distillation under reduced pressure
for a ﬁeriod of severai days a 50~50 (volsvol) mixture:
of aniline and p-cymene was fractionated at 178 mm.

pressure. The distillation graph obtained (DIAGRAM 37)
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shows that an azeotrope containing some 96% p-cymene is
formed et this pressure, but it is obvious from the
theofétical shape of the graph that the distillation

technique was excellent.
DISCUSSION

Although distillation is one of the most important
tools used in organic chemistry workers in this field
do not usually inquire very deeply into the theories
behind it, especially where vacuum distillation is
concerned, In this lgboratory, however, it was noted
that equations such as those of DOCKSEY AND MAY (J. Inst.
Pet. Technologists, 1935, 35, 176) and WESTHAVER (Ind.
Eng. Chem., 1942, 34, 126) indicate, on superficial
exgmination, that H.E.T.P. 1s independent of pressure;,
whereass the bulk of.the experimental evidence quoted in
the literature: shows:; that the efficiency of a distilxatiam
column decreases with a lowering of the oﬁerating pressure,
Thus, although Docksey and May supported their predictions:
with results obtained from test runs carried out at
~different pressures on columns packed with Lessing rings
using aniline-fiitrobenzene mixtures, and BJORKMAN AND
6, 145) claim that the

OLAVI (Svensk Kem. Tid., 1946,
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efficiency of their spinning-band column remained constant
over the pressure range 9-100 mm, of mercury, the

weight of the evidence coincides with my own observations
on coﬁcentricftube columns already quoted. Especially

to be noted 1s the work of FELDMAN et al (loc. cit.) who
tested a Podbielniak column at different pressures with
n-dodecane-cyclohexylecyclopentane teét mixtures, because
here the results do not suffér from any effects'due'tb
changing the compoﬁnd type (see PETERS, Ind. Eng. Chem.,
1922, 14, 476) or molecular weights (see CARSWELL, ibid,,
1926, 1@, 294) of the components of the test mixture. 4an
explanation of this discrepancy between theory and practice
was sought end is set out briefly below.

If the derivetions of the theoretical equations
mentioned above are examined it cen be seen that the
loriginal postulates describing equilibrium conditions contdin
only terms due td convection and diffusién’bro¢esses in the
vapour phases If these physical processes were fhelonly
ones to be taken into consideration at all pressures, and
the operating difficulties encountered in g low-pressure
distillaetion overcome by careful choice of eolumn gnd |
auxiliary equipment So that equilibrium.could be established,

then the efficiency of a column should remgin constant..
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As it does not, then.there must be some other process,

or processes, which contribute to the equilibrium state
equa?iens; ' BYRON, BOWMAN AND COULL (seé Weissbergenr,
"fechnique of Organic Chemistry", Vol. IV, p. 85) hawe
described the effect of one such process, ngmely the
reduction in sbsolute vaporisaﬁion and condenéation rates
at low pressures, on the ease of establishment of

equilibrium between phases by means of the following -

graph s—

. PRESSURE

UNFAVOURABLE O FAVOURABLE

Relative importance of sevéral factors:

in determining effect o{_gressure on

separation in fractionation

Other factors which might infiuence the equilibrium as -
préssure is decreased are disturbances in the stagnant
layer of vapour in contact with liquid films. Whatever

effects come in play, however, it is obvious that_any
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mgthematicael theory hoping to account for them will be
"a complicated one, This is unfortunate becausé
distillation'is already overburdened with elaborate
maxhématical treatments..

| Having indicated the state of the theory it should
be 8bvious: that it was of the utmoét importance to-
obfain the performemxe characteristics of the concentric-
tube eolumms by testing them so that the maximum degree
of separation when chloroflubrinatedlmaterials were

distilled could be anticipated.
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Chapter IX

A Note on the gerizene:g‘luorobenzene System.
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At the outset of the work on the vapour-phase
chlorofluorination of benzene it was thought possible that
one of the products of the reaction would be fluorobenzene
by analogy with the liquid-phase ﬁork of ELLIS AND
MUSGRAVE (J.C.S., 1950, 3%608.). The problem of
separating fluorobenzene from any unchanged benzene in
the reaction mixture would therefore arise. RUFF AND
KEIM (Z. anorg. allgem. Chem., 1931, 201, 245,) found that
fluorobenzene present in the reaction mixture resulting
from the action of iodiné pentafluoride on benzene
interdistilled with unchanged benzene when the mixture was
fraétionally distilled. Ellis and Musgrave at no time
isolated a pure sample of fluorobenzene from their reaction
mixtures, and stated that it formed a ternary azeotrope
with unchanged: benzene and carbon tetrachloride, the latter
being the solvent in which the reaction was carriéd outs.

In both cases the lack'of separation could have been due

to the low efficiencies of the distillation célumna;used,
which would account for an apparent azeotrope formation.
Obviously, then, it was necessary to obtain a vapour-liquid
equilibrium disgrem for the benzene-~fluorobenzene system,
and so determine whether or not an azeotrope does exist.

This was done and no evidence for azeotrope formation found.
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Thus, assuming mixtures of benzene and fluorobenzene to
form ideel solutions,it was calculated, using Fenske's:
equation (FENSKE, Ind. Eng. Chem., 1932, 24, 482)
that the number of plates required to separate a mixture
of benzene and fluorobenzene by fractional distillation |
into a distillate containing 99 mole per cent benzene end
a residue containing 99 mole per cent fluorobenzene would
be.66. . Theoretically this meant that the concentric-tube:
distillation columns which were. to be used for the
fractionation of chloroflﬁorinated mixtures, and whose
maximum platage, i.e. at total reflux, was 60,would not
separate benzene and fluorobenzene. As in all distillation
calculations, which assume ideal conditions, the theoretical
indicetions need to be checked in practice. This was
done end DIAGRAM 38 gives detalls of the 'distillation graphs.
obtained for three mixtures which containéd 85, 56 and
26 mole percent benzene respectively. No separation was
effected, as indicated by theory. The graphs cen be
compared with the appropriate section of the distillation
graph obtained for Chlorofluorination Run No. 1; no
similarity exists.

In order to obtain further coﬁfirmation that

fluorobenzene was not present in the reaction mixture from
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Chlorofluorination Run No. One,analytical gas
chromatograms for fluorobenzene and benzene-fluorobengzene
mixtures were obtained,using apparatus and technique
described in CHAPTER X, and compared with the
ehromatogramé obtained for materia; distilled from the
reaction mixture. These are shown in DIAGRAM l2 and
indicafe that. benzene and fluorobenzene may be separated
by this means if a lapge—scale column with a greater

efficiency than the sméll analytical column is used.
EXPERIMENTAL

"inalar" benzene was dried over sodium wire,
distiiled frém it using an ordinary Claisen flask
arrangement, then redistilled through a 60-plate
concentric-tube column. Fluofobenzene.waS'dried over
anhydrous magnesium sulphate, then distilled through a
concentric-tube column. The physical constants of the
materials so obtained, and used in all the expériments,
were s-

Cglg bept. at 759 mm. 80°C, n3°1.5014.  CGHSF b.pt. at
760 ma. 84°C, n3’ 1.4653.

Known mixtures of benzene and fluorobenzene were:
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weighed out, thelr refractive indices measured using an

Abbé refractometer at 20° 1 0.1°C, and a graph of
composition vs. refractive index constructed (DIAGRAM 39).
This was then used to analyse unknown nixtures whose

. refractive index was known. Vapour=liquid equilibrium
determinations were then carried out at atmospheric

. pressure ﬁsing a very simple still of the Othmer type
(DIAGRAM 4O). No arrangement was made 10 keep the pressure
inside the apparatus constant, but all the experiments were
carried out 6n the same day during which the barometric
height did not very by more than 2 mm, The boiler was
charged with 60 mls. of mixture and the still brought to
equilibrium,. This condition was determined by'noting the
temperature reading of the N.P.L. thermometer.. When

this reading had been constant for 30 minutes samples of
distillate and distillend were taken and analysed.

TABLE 2S5 gives details of the results, and DIAGRAM 4l shows
the Soiling point-composition diagrem, and the vapour-liguid
equilibrium disgram obtained from these. It is obvious

that no azeotrope formation occurs.,



_TARLE 2l

Refractive Index = Composition Data for

Benzene-Fluorobenzene Mixtures

n%o Mole % Benzepe
14653 -
1+14690 12416
1 44720 20 +80
144756 320
1:818 5001
14860 61«65
1 44,900 72433
14944 8L.+73
14970 91 :65
15013 100400 -

29T,



Benzene-Fluorobenzene System at Atmospheric Pressure

TABLE 25

Vapour-liguid Eouilibrium Data for the

222

Préggare V@ggu? _ ngo _ Mole Fraction Benzene
(mm. Hg) (°c Distilland|Distillate Lioguid Vapour
753+8 79+35 1+5013 1+5013 1 1
75l1¢2 7945 15003 1+5006 0+97 0+98
7542 7977 14976 14982 0+90 0.92
7542 798 1+4975 141,981 0-895 091
7555 80 +83 1+1878 14889 0:63 0-66
75545 80+99 11,865 14880 0+59 0463
7555 81+2 14847 | 14862 045U 057
750140 821 140,762 1414785 031 037
7538 8212 14702 1+4755 0+25 029
75ue2 | 82-87 | 14732 | 14700 0.22 0.2y
7538 835 | 1 +4680 11690 0:09 0«11
7538 8l <0 14653 - 14653 - -
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