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SUMMARY 

An Investigation of Ohlorof luoroc.vclohexanes 
Two new compounds of t h i s class, containing small 

numbers of halogen atoms, have been isolated. Both 
the 1 , 1-difluoro- and the 1-chloro-l-fluorocyclohexane 
were prepared from hydrogen f l u o r i d e and 1-chloro-
cyclohexene and were isolat e d by gas chromatography. 
For t h i s purpose an apparatus was developed to separate 
l i q u i d s b o i l i n g up to 180°C. i n 1G g. portions. The 
physical and chemical properties of the new compounds 
were investigated and the results found to agree with 
the structures given. 

Other syntheses, both by standard and previously 
unpublished methods have been attempted but no 
desirable products were isolated. 
The reaotion between chlorine t r i f l u o r i d e and 
t r i c h l o r o a c e t i c a c i d 

The reaction was investigated at 80°C. and 1 0 0 ° 0 . 

and the products found to be mostly carbon dioxide and 
halogenated methanes (containing up t o three f l u o r i n e 
atoms). Smaller amounts of carbonyl halides (containing 
chlorine and f l u o r i n e ) , oxygen, carbon monoxide, 
hexachloroethane and acid halides were also isolated. 
Quantitative results were obtained which agreed with 
the amounts of s t a r t i n g materials used i n the reaction. 
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The reaction between chlorine t r i f l u o r i d e and 
t r l c h l o r o a c e t y l chloride was also investigated at the 
higher temperature as the acid chloride was thought to 
be a possible intermediate. Free ra d i c a l mechanisms 
have been suggested to account f o r the products i n 
both cases. 



AN INVESTIGATION OF CHLOROFLUOROCYCLOHEXANES 



CONTENTS 

page 
Introduction 1 

References 1-17 6 

Attempted syntheses of chlorofluoro-cvclohexanes. 
-cyclohexenes and -cyclohexadienes 

Preparation of 1-chlorocyclo-
hex-l-ene 8 

Action of hydrogen f l u o r i d e on 
1-chlorocyclohex-l-ene 
without catalysts 9 
with catalysts 13 

Structure of products 16 

Mechanism of reaction 20 

Properties of 1 , 1-dihalocyclo-
hexanes 22 

Fluorination of 1 , 1 , 2 - t r i c h l o r o -
cyclohexane 
with hydrogen f l u o r i d e 23 

with antimony t r i f l u o r i d e 2k 

with potassium f l u o r i d e 25 

with mercuric f l u o r i d e 26 

Pluorination of 1,2-dibroraocyclo-
hexane 
wit h hydrogen f l u o r i d e 26 

with mercuric f l u o r i d e 27 

with argentic f l u o r i d e 27 



page 
Fluorination of 1,2-dlchlorocyclo-

hex-l-ene 
with lead t e t r a f l u o r i d e 28 

Action of potassium f l u o r i d e on 
sulphonic acid esters of 
cyclohexanols 28 

Action of phosphorus pentafluoride 
on ketones 29 

References 18-5U 31 
Chromatographic separation of 

chlorofluorocyclohexanes 33 
Practical Details 

Preparation of 1-chlorocyclohexene J+3 
Action of hydrogen f l u o r i d e of 1-chloro

cyclohexene 
without catalysts k5 

with catalysts UQ 

Comparative hydrolyses of the 
1,1-dihalocyclohexanes 51 

Attempted reduction of the 
1,1-dihalocyclohexanes 5k 

The addition of hydrogen chloride 
to 1-chlorocyclohex-l-ene 55 

Preparation of 1,1,2-trichloro-
cyclohexane 56 

Pluorination of 1,1,2-trichlorocyclo-
cyclohexane 
With hydrogen f l u o r i d e 58 
with antimony f l u o r i d e 60 
w i t h potassium f l u o r i d e 6l 
w i t h mercuric f l u o r i d e 62 



v i i i 

page 
Fluoridation of 1,2-dibromocyclo-

hexane 
wit h hydrogen f l u o r i d e 6k 

with mercuric f l u o r i d e 6k 

w i t h argentic f l u o r i d e 66 

Fluorination of 1 ,2-dichloroeyclohex-l-ene 
with lead t e t r a f l u o r i d e 67 

Action of potassium f l u o r i d e solutions 
on sulphonic acid esters of 
cyclohexanols 69 

Action of phosphorus pentafluoride 
on ketones 70 

References 55-63 72 



1 . 

INTRODUCTION 
Workers i n these laboratories have studied the action 
of' chlorine t r i f l u o r i d e on benzene under varying condi
t i o n s . E l l i s and Musgrave"*" found that when chlorine 
t r i f l u o r i d e . was passed i n t o solutions of benzene i n 
carbon t e t r a c h l o r i d e at 0°C. there were formed mainly 
simple su b s t i t u t i o n , products. When the reaction 
between benzene and chlorine t r i f l u o r i d e occurred i n 

p 
the vapour phase however a complex mixture resulted. 
This mixture consisted of chlorofluoro-cyclohexanes,. 
-cyclohexenes and possibly -cyclohexadienes. As l i t t l e 
was known about these types of compounds i t was considered 
i n t e r e s t i n g to attempt t h e i r preparation by unambiguous 
routes and to investigate t h e i r properties. 

The i n t r o d u c t i o n of f l u o r i n e i n t o : cyclohexane 
or i t s derivatives i n such a way that the structure of 
the product can be ea s i l y determined might be accomplished 
i n several ways 
(Some of the methods r e f e r r e d to have not been applied 
to c y c l i c compounds and so examples have to be taken 
from comparable compounds) 

(a) The addit i o n of anhydrous hyd r o f l u o r i c acid t o an 
o l e f i n , e i t h e r simple or substituted, can give good y i e l d s 
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of f l u o r i n a t e d materials. I n t h i s way cyclohexyl f l u o r i d e 
3 

has been made from cyclohexene and 2,2-difluoro-pentane 
4 

from 2-chloro—pent-l-ene. Whereas the former reaction 
was accomplished at -78°C. the l a t t e r requires the use 
of elevated temperature, and pressure. I t i s thus seen 
that reaction conditions have to be matched*with the 
organic s t a r t i n g m aterial. 

(b) The action of anhydrous hy d r o f l u o r i c acid can be 
accelerated or even modified by the use of suitable 
inorganic reagents. Boron t r i f l u o r i d e has b,een used 
among other substances to f a c i l i t a t e the less ready 
addition of hydrogen f l u o r i d e to a double bond while lead 
dioxide has been used to cause the e f f e c t i v e a d d i t i o n of 

6 
f l u o r i n e to the double bond i n the presence of hydrogen 
f l u o r i d e . 

(c) Suitable m e t a l l i c f l u o r i d e s can replace the halogen 
(other than f l u o r i n e ) i n a l k y l halides and can i n some 
cases replace hydrogen. 

Antimony t r i f l u o r i d e w i t h bromine as catalyst 
and 2,2-dichloro^propane give a good y i e l d of 2,2-difluorcr 

7 
propane. 

Mercuric f l u o r i d e can be used as such and i n t h i s 
way 2-fluoro-l r2,3-trichloro'-propane was prepared from 

Q 
1,2,2,3-tetrachloro*propane, or the mercuric f l u o r i d e 
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can be generated i n s i t u by the action of hydrogen - f l u o 
ride: on mercuric oxide as i n the preparation of 

o 
1 , 1-difluoro-heptane from the d i c h l o r i d e . 

Argentic f l u o r i d e i s rather more vigorous i n 
reaction than mercuric f l u o r i d e and tends to replace 
hydrogen at higher temperatures. 

(d) Anhydrous potassium f l u o r i d e , when heated i n a 
suitable solvent w i t h a l k y l halides can give good y i e l d s 
of the corresponding f l u o r o compound. This method has 
been used by Hoffman 1^ to prepare ^ tw-difluoro alkanes 
containing three to s i x carbon atoms i n good y i e l d using 
ethylene g l y c o l as solvent. 

Anhydrous potassium f l u o r i d e without solvent has 
been used under varying conditions to replace by f l u o r i n e 
the chlorine i n monochloro-acetic a c i d 1 1 and i t s esters. 

(e) A recently discovered method of i n d i r e c t l y replacing 
a hydroxyl group by f l u o r i n e consists of heating the 
benzene sulphonyl esters of the alcohols w i t h a saturated 

19 
s o l u t i o n of potassium f l u o r i d e . I n t h i s way 
l-chloro-2-fluoroethane has been prepared from 2-chloro-
e t h y l benzene-^sulphonate. I f the y i e l d s obtained w i t h 
the simpler types of compound can be obtained w i t h alcohols 
derived from cyclohexane then t h i s w i l l be a u s e f u l reaction. 
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( f ) The a t t r a c t i v e idea of reducing aromatic f l u o r o 
13 

compounds has been investigated by Swarts who found 
that when noble metal catalysts were used the f i r s t step, 
i n the reduction was the removal of the f l u o r i n e from the 
r i n g as hy d r o f l u o r i c acid. As other methods; f o r the 
reduction of benzene rings using other catalysts require-
even more vigorous conditions of temperature and pressure 

i 

t h i s l i n e of approach was not attempted. 
The use of phosphorus pentafluoride t o replaoe 

the alcoholic hydroxy1 group by f l u o r i n e has been shown 
14 

to y i e l d esters of phosphoric acid. The action, of 
phosphorus pentafluoride on ketones has not been reported 
and w i l l be investigated. 

Suitable organic s t a r t i n g materials f o r the 
methods (a) - (d) w i l l be halogenated cyclohexanes, 
cyclohexenes or cyclohexadienes. The most r e a d i l y 
available chloro o l e f i n i n t h i s case i s 1-chlorocyclohexene, 

IS 
which has been prepared by several authors, by the 
action of phosphorus pentachloride on cyclohexanone under 
varying conditions. Chlorine can be added onto 1^ the 
double bond and from the r e s u l t i n g 1,1,2-trichloro-
cyclohexane, hydrochloric acid can be removed to give a 
mono or d i o l e f i n . 1,2-dibromo cyclohexane i s r e a d i l y 
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17 made by the add i t i o n of bromine to cyclohexene.. 
The esters f o r the method (e) could be made by 

standard methods from the alcohols. 
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ATTEMPTED SYNTHESIS OF CHLOROFLUORO-CYCLOHEXANES. 
-CYCLOHEXENES AND -CYCLOHEXADIENES. 

I t was decided that the f o l l o w i n g were desirable s t a r t i n g 
materials. 
1- chlorocyclohex-l-ene, 1,1,2-trichloro-cyclohexane, 
1,2-dichlorocyclohex-l-ene, 1,2-dihromocyclohexane and 
the p-toluene-sulphonyl esters of cyclohexanol and 
2- chlorocyclohexanol. 
PREPARATION OF 1«CHL0R0CYCL0HEX-1-ENE. 
1-chlorocyclohex-l-ene has been known f o r more than f i f t y 
years but i t s preparation on a large scale has only 
recently been described. Although i t occurs i n the 
products of the reduction of l,,2-dichlorocyclohex-2-ene 
w i t h zinc and e t h y l alcohol and i n the dehydrochlorination 

lSd 
of cis-l,2-dichlorocyclohexane w i t h quinoline the only 
suitable s t a r t i n g materials f o r l i t r e scale preparation 
are phosphorus pentachloride and cyclohexanone. I n the 
present work the d i f f e r e n t methods were t r i e d , as 
described l a t e r i n the experimental section and the r e s u l t s 
are tabulated below. From t h i s i t was decided to employ 
the method of Braude and Coles. As w e l l as the higher 
y i e l d s , t h i s method has the merit of re q u i r i n g simple 
apparatus (A 1 l i t r e f l a s k w i t h a i r condenser) and hence 
saves time i n both preparing and cleaning apparatus. 
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Author of Method 15 Yield of Olefin 
Quoted Found 

Mousseron et a l . 80# 40# 
Carroll et a l . 46# 51?5 

Braude and Coles 60# 6p?S 
Stevens et a l . 20# 

ACTION OF HYDROGEN FLUORIDE ON 1-CHLOROCYCLOHEX-l-ENE 
(a) WITHOUT CATALYSTS 
Estimation of reaction conditions 
Although a great many reactions have been carried out 
with simple and halogenated olefins the reaction con
ditions required depend very much upon the structure 
of the o l e f i n . Olefins with chlorine on one doubly 
bonded carbon atom require more vigorous conditions 
than unsubstituted olefins but reaction stiiLl occurs 
readily. When both doubly bonded carbon atoms have 
chlorine attached then addition of hydrogen fluoride requires 
s t i l l more vigorous conditions or does not take place 
at a l l . When the double bond i s at the end of the 
carbon chain and chlorine i s attached to the terminal 
carbon atom then reaction i s not very easily accomplished, 
but i f the terminal carbon atom has two chlorine atoms 
attached reaction occurs at reasonable temperatures. 
In both cases several reaction products are formed. The 
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Table I 

Starting 
Substance 

Max. 
Reaction 
Temp. C. 

Product 
of 

Reaction 
Yield 
*. Ref. 

C 4 H8 
CH2=CC1-C2H5 

cis CH-CC1=CHC1 

-25 
35 
95 

w 
CHjCFgCgH^ 
CH3CP2CH2C1 
CH^Cl-CHgCjl 
o l e f i n 

67 
«7 
8 

6a 

19 
4 

2D 

trans CH,CCl=CHCl 95 CH'3CF2CH2C1 i a 
CH-CPCl-CHpCl 5 20) 
o l e f i n 62 

CHC1=CHC1 No. reaction 20 

CHC1=CH-̂ .2H5 65 CHF^C^ 
CHPC1-C5H7 

traces 
10 20 

ol e f i n 25 

CH-CH CH=CC12 65 
C 4 H8 C 12 
C3H7CF2C1 

5 
15 

C3H7CFC12 28 20; 
o l e f i n 23 

~CH2C1-CC1=CH2 50 to 60 CH2C1-CP2CH3 4 ~CH2C1-CC1=CH2 

CH2C1-CFC1-CH3 

o l e f i n 
74 
10) 

21 

CClrt=CCl-CCl, No addition but substitution of 2 o 

CGI, group at higher temperatures. 
the 

20) 

(CH3)2C=CHC;1 Q: to -23 (CH3)2C-CHC1F 65 20 
CH=CH-(CH2)^CH2 20 6HP-(CH 2) t6H 2 

70 3 
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presence of chlorine i n other parts of the molecule 
seems to retard the reaction while the presence of a 
methyl group on a doubly bonded carbon atom accelerates 
the reaction. In only one case, that of cyclohexene, 
has the addition of hydrogen fluoride to a cyclic 
o l e f i n been reported. (For examples see Table I ) . 

In order to obtain an estimate of suitable reaction 
conditions f or a preliminary reaction between 
1-chlorocyclohex-l-ene and hydrogen fluoride conditions 
for reactions between hydrogen fluoride and olefins of 
comparable structure to 1-monochloro-cyclohex-l-ene 
are given. (Table I I ) . 

Table I i 
Starting 
Material 

Max. 
React. 
Temp.°C. 

Products 
of 

Reaction 
Yield 
* Ref. 

CHg^CCl-Cgf^ 35 to 46 67 4 

CH,'CH«CC1"-C'H, 
3 3 

35 to 46 CHjCPgC^ 67 4 

CHgofiGl-CHgC^. 35 to 46 Qif̂ CFgCHgCgĤ  64 4 

CH,CH=CC1-C„H,-3 2 5 35 to 46 ^CHgCJgCgHg 60 4 

CH 2=CC1-CH 2CH(CH 5) 2 35 to 46 C H 5 C F 2 C H 2 C H C G H - 5 ) 2 70 4 

CH3CC1=CH-(CH2)4CH3 35 to 46 CH5CF2-(CH2)5CH3 59 4 

35 to 50 CH3CF2-C6H13 - 22 

CH2CH2CH=CH-CH2CH2 20 CH2CH2CHF-CH2CH2CH2 70 3 
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Although i n these the maximum temperature was 
50° i t was thought advisable to allow a generous margin 
and to increase the f i n a l reaction temperature to 100° 
for the preliminary reaction so that the main product 
would be the lower boiling difluoride. The separation 
and p u r i f i c a t i o n of t h i s might be re l a t i v e l y easy and 
when i t s properties were known the investigation of the 
lower temperature reactions would perhaps be more easily 
accomplished. 
products of reactions^ 

In exploratory experiments the o l e f i n and 
hydrogen fluoride i n a 3*1 r a t i o at a maximum temperature 
of 100° yielded mixtures inseparable by simple d i s t i l l a 
t i o n . The use of a 15 plate d i s t i l l a t i o n column gave 
two pure compounds analysing to CgH10P2 and CgH^Clg. 
When the reagents were used i n a 1:1 mole ra t i o at a 
maximum temperature of 20° and a similar technique applied 
severe decomposition of less stable products which were 
now formed i n greater quantity resulted during the 
d i s t i l l a t i o n . 

The application of Gas Chromatography to the 
above reaction mixtures showed the presence of four com
pounds, 1,1-difluoro-, 1,1-dichloro- and 1-chloro-l-
fluoro-cyclohexane and unchanged ol e f i n . At the lower 
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temperature less tar and higher yields of both the 
chlorofluoro and dichloro compound were produced. 
(b) WITH CATALYSTS 
Estimation of reaction conditions 

The addition of hydrogen fluoride to a double 
bond has been catalysed by a variety of metal and non-

23 
metal halides. For the present work boron t r i f l u o r i d e , 
stannic chloride and aluminium t r i c h l o r i d e were selected 
since they appeared to be the most suitable and the 
most readily available. 

Anhydrous boron t r i f l u o r i d e has been used to 
catalyse the less ready addition of hydrogen fluoride 
to chlorinated olefins. Both addition and substitution 
of the chlorine occur with polymer formation at higher 
temperatures. The same reagent also f a c i l i t a t e s the 
addition of hydrogen chloride to simple olefins, some
times yielding dimers i n addition to the expected 
chlorohydrocarbons. 

Stannic chloride and hydrogen fluoride replace 
chlorine by fluorine i n halohydrocarbons while stannic 
chloride catalyses the addition of hydrogen chloride 
to simple and halogenated olefins. 

Aluminium t r i c h l o r i d e has been used to aid 
fluorinations but few details are given. 2- 5 I t catalyses 
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Starting; Material 

TABLE I I I 
Other 

Catalyst Rea
gents 

Max. 
Temp. Produets Yield Ref. 

24 MeCCl=CHCl BF5 4g/M. HP 160 MeCP2CH2Cl 4. 
MeCClPCHgCl 35 

CHC1=CHC1 BF_l2g/M. HP 95 CHgClCHClP 24 
polymer 29 

CHC1=CHC1 BFj I2g/M. HP 25 CHgClCHClP 3 

polymer 10 
CH2=CHpr B P y ' H ^ HCI 55 MeCGlPr 
MeCH=CHMe HCI 55 C4HgCl 25: 

C8H17C1 16 
MeCHcl2 SnCl4; HP 100 CĤ GHCIP 40; 

CHjCHPg 20 
CH=0G.1-(CH2)3CH2 SnCl4 HCI. 10) C6 H10 C 12 
C3H6: SnCl4 HCI C3H7C1 
C6H5CH=CH2 SnCl 4 HCI 25 CgH5CHClMe 

polymer1. 
Me2CH-CH=CH 2> ^ 0 1 3 HCI -80 MeCHCHClMe 20 

polymer 60: 
A1G1, MeCOCl. 70 C6H5CC13 86 

CC12=CHC1 A1C1-
j 

HCI 50 C 6 C 1 6 ' C 4 H C 1 5* 
CG13CH2C1 
(CHC12)2 

C H CI A1C1 HCI 50: CHCl0CHClof> 2 2 2 3 
50: 

2 2* G^H^Cl^ 

25; 

25 

26 

26 

27 

15b 
28 

29 

30 

31 

32 

32 



the addition of hydrogen chloride to simple olefins 
and causes much polymerisation. This reagent, can 
also replace organically held fluorine by i t s own 
chlorine and cause the rearrangement of the halogens i n 
organic molecules. (For examples to i l l u s t r a t e the 
above see Table I I I ) 
Products of reaction 
Preliminary experiments using excess hydrogen fluoride' 
and boron t r i f l u o r i d e as catalyst indicated that CgH^Pg 
was formed as the major product while the use of 
stochiometric amounts of hydrogen fluoride produced 
greater amounts of high boiling products. When the 
former reaction products were separated, by gas 
chromatography the main component was found to be CgS^Fg 
This method of analysis was not applied to the second 
reaction but d i s t i l l a t i o n showed that the products 
were probably similar to those obtained by using stannic 
chloride and aluminium chloride. 

The i n i t i a l experiments with both stannic and 
aluminium chlorides yielded mixtures containing f a i r 
amounts of high boiling products that were inseparable 
by simple d i s t i l l a t i o n and unstable to fractionation 
at atmospheric pressure. Gas chromatography showed that 

the major products were CgH^ClP and C6H10C12, with 
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smaller amounts of CgH^Fg unchanged o l e f i n . 

STRUCTURES OF THE PRODUCTS 
From the reactions between hydrogen fluoride 

and 1-chloro-cyclohexene, both with and without catalyst, 
there have been isolated four compounds,, two of which 
have not previously beeen described, i n the l i t e r a t u r e . 
From the positions of the peaks on the chromatograms 
(Fig. 1) i t seems reasonable to assume that the four 
compounds produced are i n each case the same four 
compounds. This i s confirmed • • by the constancy of 
the refractive indices of the samples of the compounds; 
isolated and might be expected from the similar nature 
of the reactions. 

The f i r s t peak on the chromatograms i s due to 
diethyl ether as was shown by direct comparison of the 
peak position with that due to authentic diethyl ether 
and $ae isolation of a sample 

(n£ = 1.3538 For pure diethyl ether n£ = 1.3526) 
The majority of t h i s was introduced into the sample 
from that retained by the syringe after washing out 
the previous sample. This was not objectionable as 
i t was used as a marker i n order to eliminate uncertainty 
i n the time of introduction of the sample. 
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1-chlorocyclohexene 
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Compound 1 
1,1-difluoro-cyclohexane 
n£° = 1.3906 b.p. 101.5° at 75.5" cms. 

The i d e n t i t y of t h i s substance with the similar com
pound obtained by d i s t i l l a t i o n was shown by direct 
comparison of the peak positions. The molecular 
formula i s CgH^Fg. The compound was very resistant 
to hydrolysis i n either acid or alkaline medium. 
Aqueous solutions of sodium hydroxide up to ION had no 
detectable effect while solutions of sodium ethoxide i n 
absolute ethanol atid of hydrochloric afedld i n 80$ 
ethanol produced reaction amounting to a few per cent, 
i t being greater i n the case of the acid. Cold aqueous 
permanganate solutions had no effect but refluxing 
for long periods produced decomposition with no id e n t i f i a b l e 
organic products. Concentrated, n i t r i c acid destroyed 
the compound to give hydrogen fluoride while palladium 
carbon i n 85$ ethanol did not catalyse the reduction 
with hydrogen. 

I f we ignore the directing influence of the 
chlorine atom we might expect three possible products. 
The two 1,2-difluorocyclohexanes would be expected to 
have similar properties to cyclohexyl fluoride. The 
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l a t t e r hydrolyses more readily i n acid s o l u t i o n - ^ 
(5# reaction i n 1 nr.) and i n alkaline s o l u t i o n ^ (5# 

reaction i n 7 nr.) and dehydrohalogenates and polymerises 
o 3 

i n the presence of hydrogen fluoride at 100 , the 
very conditions under which the new compound can be 
prepared. These differences between the properties 
of compound 1 and cyclohexyl fluoride show that we 
have no >CHF groupings present and hence i t must be 
1,1-difluoro-cyclohexane. 
Compound 2 

l=chloro-l-fluoro-cyclohexane 
n£ 1.4382 b.p. 138.2 at 755 mms. 

The molecular formula i s CgHlQClF., N.Hydrochloric 
add i n 80$ ethanol and N. sodium ethoxide i n absolute 
ethanol produced reaction. The compound was iner t 
to cold aqueous permanganate solutions and resisted 
reduction with a palladium carbon catalyst. By analogy 
to compounds 1 and 4, compound 2 i s designated 
1-chloro-l-fluorocyclohexane. 
Compound 3 

1-chloro-cyclohexene; 
The sample obtained contained a small amount of compound 2. 
Both analysis by gas chromatography and analysis f o r 
halogens indicated the. presence of .11.3$ CgH10ClF. 



The unsaturation detected with acid permanganate 
solution and a comparison of the chromatograms of t h i s 
and authentic 1-chloro-cyclohexene showed that 
compound 3 was unchanged o l e f i n . 
Compound 4 

1 ,,1-dichloro-cyclohexane 
The molecular formula i s c6 H i o C l2* N.Sodium ethoxide 
i n absolute ethanol caused, 50$ reaction and N..hydro
chloric acid i n 80$ ethanol- caused 10$ reaction. 
Palladium carbon did no/t catalyse reduction. 
The three possible isomers that could be oompound,.4. have 

15d 
been prepared and a comparison of physical constants 
indicates that we have 1,1-dichloro-cye.lohexane 

Compound 4 
1,ldichloro-cyclohexane 
cis 1,.,2-dichloro-cyc.lohexane 
trans l,:2-dichloro-cyclohexane 

This was confirmed by hydrolysis to cyclohexanone"1''' 
which was i d e n t i f i e d as i t s semicarbazone. 

MECHANISM OF REACTION 

The products of the reactions were a l l the 1,1 
isomers. I t seems that we have normal ionic, as 

1.4801. 
1.4803 
1.4967 
1.4902 

b.p., 
164-8 
171 
20)6.9 
189 



opposed to radical, addition of the acid HX to the 
double bond, whose ionisation i s governed by the 
mesomeric effect of the v i n y l i c chlorine atom. Thia 
i s i n complete agreement with the results of many 
other workers, (Table I & ref. 35) but not with those 

36 

of Mousseron et a l who claim to have isolated from 
the stannic chloride catalysed addition of hydrogen 
*chloride to 1-chlorocyelohexene a product whose id e n t i t y 
was found from a density at unspecified temperature 
to be the trans 1,2 isomer, Mousseron postulates an 
ionic addition i n which the polarisation of the double 
bond i s governed by the inductive effect of the chlorine 
atom and also states that the 1,1 isomer i s unstable 
at room temperature. 

This work of. Mousseron et a l was repeated and the 
product found to be 1,1-dichlorocyclohexane. As the 
addition of HX, must proceed by either an ionic mechanism, 
to give the 1,1 isomer or by radical mechanism to give 

35 
the cis 1,2 isomer^ the isolation of trans 1,2-
dichlorocyclohexane i s very strange and we must con
sider Mousser.on's i d e n t i f i c a t i o n of the isomer as i n 
error. 

The formation of the dichloro and chloro»fluoro 
compound i s explained by the above when HX i s either 
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HCl or HF. The formation of the difluoro compound 
can be by substitution of the chlorine of the dichloro,, 
or more probably the chloro fluoro compound. An 
alternative mechanism, similar to that of Henne et al2^» 
involving the formation of l-fluoroeyclohexene seems 
improbable as none of the l a t t e r was detected. 

PROPERTIES OF THE lq-Diff lALOCYCLOHEXaBES 

The properties given f o r these compounds c a l l f o r 
l i t t l e comment except i n the case of reduction and 
solvolysis or denydrohalogenation. I t appears strange 
that even the dichloro and chloro fluoro compounds do 
not lose halogen when attempts are made to reduce 

13 
them while fluoro benzene i s reduced, to cyclohexane 
and hydrofluoric acid under similar- conditions. I t : 
appears that cyclohexyl halides are resistant to 
reduction however as the fluoride does not lose 

u 
hydrofluoric: acid on attempted reduction. 

The unexpected results i n the hydrolysis are 
associated with the chloro fluoro and dichloro compounds.. 
Here reaction stops when half of the halogen is. 
removed. This i s i n agreement with work by Goering. et 

37 
a l . on the dichloro and chlorobromocyclohexanes.. 
Both the 1,1 and cis 1*2 isomers lose half t h e i r halogen 
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to give 1-halocyclohexene which i s not further 
attacked while only the trans 1,2 isomer loses one 
molecule of halogen hydracid to give the 2-halocyclo-
hexene which rapidly loses i t s second molecule of 
acid and thus loses a l l i t s halogen. 

FLUORIDATION OF 1.1.2-TRICHLOROCYCLOHEXANE 

a) WITH ANHYDROUS HYDROGEN FLUORIDE. 
As i n the previous work, with hydrogen fluoride and 

1-chlorocyclohexene and i n the examples i n Tables I and I I , 
i t seems that hydrogen fluo r i d e , with and without 
catalyst, substitutes chlorine by fluorine an. attempt 
was made to fluorinate the above t r i c h l o r o compound 
with hydrogen fluoride at 100°. A l l that resulted was 
a solid polymer. Under less rigorous conditions % 

for example with stannic chloride as catalyst, no 
reaction occurred at 20° while boron t r i f l u o r i d e 
produced much polymerisation and negligible yields of 
vo l a t i l e liquids at tempera4ures as low as -78°. Since 
i t seems that the tr i c h l o r o compound polymerises almost 
completely i n the presence of free hydrogen fluoride 
under conditions which might prQduce substitution i t 
was decided to t r y other fluorinating agents. 



b) WITH ANTIMONY TRIFLUORIDE 
Many fluorinations have been carried out with 

fluorides of antimony i n the presence of at least 
some pentavalent antimony. Much of the work has 
been carried out with highly halogenated aliphatic 

39 
and aromatic: ' hydro carb.ons but t h i s reagent has 
been used to fluorinate heterocyclic compounds and 
l i g h t l y halogenated ethanes, propanes and butanes. 
Table IV gives relevant examples. 

TABLE IV. 
Max. Starting Material Temp. Product Yield Ref. 

oc. 
CH,-CC1, 3 3 70 CH,CC1F0 85$ 41 
Off- CC1-3 3 70 CHjCCIgF 85$ 41 
Me2~CCl2 70 Me2CF2 85$ 7 

MeCGlF 10)$ 
MeCCl2Et j Spontaneous ( MeCFgEt 42 
MeCCl2Pr ) ( 

Reaction _( 
MeCFgPr 42 

MeCH2CHCl2 much decomposition 42 

From this i t seems that i n some cases even large hydrogen-
r i c h molecules can be fluorinated by antimony,trifluoride 
while other similar compounds decompose. As 
1,1,2-trichloro cyclohexane possesses one of the groups 
that f a c i l i t a t e fluorination,. a CClg group remote from 
the ends, of a carbon chain, t h i s method seemed promising. 
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However there were i s o l a t e d from the reactions only 

very email amounts of unsaturated l i q u i d s : containing* 

l i t t l e f l u o r i n e and probably containing large amounts 

of a chloro-cyclohexadiene. 

c) WITH POTASSIUM FLUORIDE 

Ea r l y work was c a r r i e d out with anhydrous 

potassium fluoride and anhydrous organic; compounds at 

elevated temperatures and pressures. I n t h i s way 
43 

undecyl and hexyl f l u o r i d e s were made as w e l l as a 
43 44 

v a r i e t y of ethers and es t e r s , from the correspond

ing chloro compound although the y i e l d s were generally 

low. The use of xylene as reaction medium i n the 
45 ^ fl u o r i n a t i o n of chloroacetamide was the f i r s t attempt 

to remove the need f o r pressure r e s i s t a n t apparatus. 

Most of the work involving solvents has been c a r r i e d 

out with a l i p h a t i c di and poly-^hydroxy compounds and 

i n t h i s way a s e r i e s of w,>> -difluoroalkanes have been 

prepared.^ I n more recent publications the reaction 

between the organic compound and the potassium fluoride 

i s brought about at ambient temperature and pressure 
by u l t r a v i o l e t i r r a d i a t i o n ^ . 

When glyc e r o l was used as solvent for t r i c h l o r o -

cyclohexane and reaction conditions were as f o r the 

preparation of 1,5-difluoropentane the product was a 
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l i q u i d composed mostly of a dichloro cyclohexenie., 
Without solvent even higher temperatures were required 

to promote reaction and a s i m i l a r product was obtained. 

The lack of fluorine i n the products i n d i c a t e s that 

the high temperature required for the reaction causes 

elimination of hydrogen chloride to give o l e f i n s . 

Olefins are formed as by products i n s i m i l a r r e a c t i o n . ^ 

d) WITH MERCURIC FLUORIDE: 

Although- i t i s more convenient to use nascent 

mercuric fluor i d e generated! from hydrogen fl u o r i d e and 
9 

mercuric: oxide, i n view of the i n s t a b i l i t y of the 

tr i c h l o r o cyclohexane to hydrogen f l u o r i d e the dry 

mercuric f l u o r i d e was prepared by the acjtioiii of chlorine 
47 

t r i f l u o r i d e on mercuric oxide, or chloride., The 

reaction of t h i s f l u o r i n a t i n g agent was extremely 

vigorous and d i f f i c u l t to control, yielding, products 

that decomposed" when attempts were made to d i s t i l 

them., 

FLUORIDATION OF TRANS 1.2-D33R0M0CYCL0HEXANE 

a) WITH HYDROGEN FLUORIDE 

Although i t i s more common to use hydrogen f l u o r i d e to 
replace chlorine i n halohydrocarbons there are i s o l a t e d 

4-8 

examples i n which bromine has been replaced. An attempt to 

use t h i s method with the above- dibromo compound produced only 
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a s o l i d polymer. 
b) WITH MERCURIC FLUORIDE 

Considering the success with which bromo 

compounds can exchange t h e i r bromine for fluorine by 
q 

means of nascent mercuric fluoride i t seemed 

probable that 1,2-difluorocyelohexane might be 

formed by the action of t h i s reagent on 1,2-dibromo-

cyclohexane. Attempts to do t h i s merely confirmed 
4-7 

the lack of success reported by Henne et a l . 

A further attempt was made using dry meroric 

fluoride but the product were unsaturated l i q u i d s 

containing bromine and a l i t t l e f l u o r i n e . 

c) WITH ARGENTIC FLUORIDE 

Preparation of Argentic Fluoride 

As the action of f l u o r i n e on s i l v e r chloride 
4-9' 

gives r i s e to low melting intermediates argentous 

fluoride was oxidised to argentic fluoride with 

chlorine t r i f l u o r i d e to give a s o l i d containing 21$ 

of the desired argentic fluoride 

Products of reaction 

At 0° a small amount of unsaturated l i q u i d was 

produced which a n a l y s i s showed, contained more fl u o r i n e 

than required for the simple replacement of bromine 

by f l u o r i n e . We must therefore have, i n addition,, 
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replaced some hydrogen by fl u o r i n e * 

FLUORINATION OF 1,2 DICHLOROCYCLOHEX*-l-ENE 

Preparation of s t a r t i n g material-

The dehydrochlorination of 1,1,,2-trichlorocyclo-

hexane was c a r r i e d out with quinoline as described by 

Tischenko."^ 

WITH LEAD TETRAFLUORIDE 

This reagent can under suitable conditions add on 

fl u o r i n e to a double bond and replace by fl u o r i n e 

halogens other than fluorine and hydrogen. 

Sta r t i n g 

Material Temp. Product Y i e l d Ref.. 

CHC1=CHC1 100°C (CHC1P) 2 17.1# 51 

CHCl=CCl 2 - CHClPCClgF 18?5 52 

As i t was thought advisable to attempt to 

prepare the more f u l l y f l u o r i n a t e d compound 

l,l,2,2-tetrafluoro=cyclohexane,. the reaction was 

conducted at 100°C but only polymers resulted. 

ACTION Off POTASSIUM FLUORIDE ON SULPHONIC 

ACID ESTERS OF CYCLOHEXMOLS 

As the action of saturated solutions of 

potassium fluoride on p-halo ethyl e s t e r s of benzene 

sulphonic a c i d produced good y i e l d s of chloro fluoro 
12 

ethanes while anhydrous reaction conditions produced 



poorer y i e l d s the action of potassium fluoride 

solutions on esters of cyclohexanol and 2 chloro-

cyclohexanol was investigated 

R'CgH4S03R + KF R'C 6H 4S0 5Na + RF 

As t o s y l e s t e r s were e a s i l y prepared toy standard 

methods these were used. 

From the reaction product of these e s t e r s with 

potassium fluoride solutions no pure products were 

i s o l a t e d tout the evidence points to the formation 

of o l e f i n s which can then polymerise i n the presence 

of hydrofluoric acid, formed e i t h e r toy elimination 

from any organic fluoride formed or from hydrochloric 

a c i d eliminated and the potassium fluoride present. 

Subsequent.'work has toeen c a r r i e d out i n which 

the t o s y l e s t e r s of highly halogenated alcohols have: 

been converted into chlorides,bromide and iodides"^''' 

hydroxylic solvents without undue l o s s due to o l e f i n 

formation or s o l v o l y s i s of the ester but when t h i s 

technique was applied to cyclohexyl p-toluene 

sulphonate and potassium fluor i d e only cyclohexene 
54. 

was i s o l a t e d . ^ 

Action of phosphorus pentafluoride i n ketones 

As phosphorus pentachloride r e a c t s with ketones 

to give two possible products, as shown overleaf 
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R-CH0-C-R* R-CH -CCU-R' + R-CH=CC1-R' 

i t seems possible that phosphorus pentafluoride might 
14 

reaction i n a s i m i l a r manner. Lucas et a l . state 

that when phosphorus pentafluoride r e a c t s with amyl 

alcohol i t does not y i e l d amyl fluoride but no 

reaction between phosphorus pentafluoride and ketones 

has been reported. 

When PFgwas passed into cyclohexanone, both 

pure and diluted with ether there were i s o l a t e d no 

fluorine containing compounds but only t a r s and a 

high b o i l i n g unsaturated phosphorus containing 

compound. When methyl ethyl ketone was s i m i l a r l y 

treated only t a r s were i s o l a t e d . The high b o i l i n g 

compound i s probably a phosphoric acid e s t e r of the 

enol form of cyclohexanone. 
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CHROMATOGRAPHIC SEPARATION OF CHLOROFLUORO CYCLOHEXANES 

By the action of hydrogen fluoride on 1-chloro-

cyclohexene a mixture of the above substances and 

unchanged s t a r t i n g material had been obtained. I n 

view of the thermal i n s t a b i l i t y of some of them i t was 

necessary to develop a means of separation i n which 

the time of heating was of the order of hours and i n 

which the hydrogen fl u o r i d e formed by t h e i r decomposi

t i o n was not allowed to c o l l e c t and autocatalyse 

further decomposition. Vapour phase chromatography 

seemed promising and to determine the conditions 

necessary to produce a good separation i n a resonable 

time investigations were c a r r i e d out with the 

homologous s e r i e s of hydrocarbons from benzene to 

p-cymene (these substances covering the range of 

b o i l i n g points s i m i l a r to those of the possible 

products) on a column packed with '.dinonyl' phthalate 
o 

on C e l i t e at 113 • 

When the gas stream l e f t the column at atmospheric 

pressure benzene was detected but p-cymene condensed i n 

the tubes immediately a f t e r the column. When the 

e x i t pressure was reduced, to 36 mms. p-cymene gave 

a reasonable deflection and the separation produced- by 

a new column was acceptable but deteriorated with use. 



When t h i s f i l l i n g was employed i n macro scale work i t 

was found that the es t e r decomposed into nonene, 

phthalic anhydride and water and so a search was con

ducted to f i n d a more stable stationary phase. Of 

the packings t r i e d (see diag. 2 . ) Edwards 8 a high 

vacuum o i l gave the best separation and the addition of 

s t e a r i c acid merely increased the retention volume 

under the condition of the t e s t (126°C. 65 nuns. Ng 

flowrate 33 mls./min. )•. 

Apparatus and Method of operation 

In the apparatus f i n a l l y adopted for semi-

micro work (Pig. 3) "the nitrogen was dried ( E g ^ ) snd-

passed into the f i r s t arm of the detector (Two 

catharometers and two re s i s t a n c e s or four catharometers 

connected i n a Wheatstone bridge network) v i a a flow

meter, manometer and surge tank. Prom the detector 

the nitrogen went to the chromatographic column and the 

ex i t gases and vapours were, passed through, the second 

arm of the detector and through a cooled trap to a 

vacuum pump. Valves were inse r t e d between the vacuum 

pump and the cold trap ( V j ) , between the manometer 

and the detector ( V 2 ) and before the drying tube ( V 1 ) 

to control the rate of flow of nitrogen and the pressure 

of the gas i n the system. The pressure was atmospheric. 
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DIAGRAM 2 
Examination of possible substances f o r s t a t i o n a r y phase 

a) w i t h mixture of equal p a r t s of toluene, e t h y l benzene 
and p-cymene. 

tn) c 
•H 
TJ 
CO 
0) 

h 

0> 

C 
CO 
> 

CO 
O 

benzene 
(impurity) 

S i l i c o n e f l u i d M.S. 550 
c o n t a i n i n g 10% s t e a r i c 
a c i d ( 3 p a r t s ) on 
O e l i t e 5k5 (7 p a r t s ) 

Edwards 8a high vacuum o i l 
(k partB) on C e l i t e 5U5 ( 1 0 p a r t s ) 

Edwards 8a high vacuum o i l c o n t a i n i n g 
10$ s t e a r i c 'acid (k p a r t s ) on 
C e l i t e 5U5^{10 p a r t s ) 

10 Time i n min.20 30 

U) 
C 
•H X) 
CO 
0> 

u 
u 
CO 
+» <D G o c 
CO 
> 
r H 
CD 
o 

b) Reaction products from HF, SnCl^ and 1-chlorocyclo-
hexene at 2 0 ° 

S i l i c o n e f l u i d M.S. 550 
containing 10$ s t e a r i c acid 
(3 p a r t s ) on C e l i t e 5U5 

, , v '(7 p a r t s ) 
AJ 

Edwards 8a high vacuum o i l 
(i+ p a r t s ) on C e l i t e 5̂ +5 (10 p a r t s ) 

AJ 

Edwards 8a high vacuum o i l Containing 
10% s t e a r i c acid (h p a r t s ) on 
C e l i t e 5U5 (10 p a r t s ) 

1 0 Time i n min.2 0 I t 
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DIAGRAM 3 
Block diagram of vapour Trtiase chromatography apparatus 
o . j Detector Semi-micro 1 g t ? ^ 

arm arm 
N, 

D r i e r Flow-
N'eter 

Surge 
Tank 

Column — 

Manometer 
Bump — Cold 

"trap 

Macro 

N 

D r i e r Flow 
l/eter 

Detector 
1at arm 

Burett e 
/ Detector 

2nd arm 

Surge 
Tank 

E l e c t r i c a l C i r c u i t s 
2 Oe.therometers and 

2 resistances 

2 Preheater 
Column"** 

Manometer 
Pump — T raj >ping 

System 
h Catharometers 
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DIAGRAM L 
Copper detector 

E l e v a t i o n and p a r t s e c t i o n ( a c t u a l s i z e ) 
w 

D e t a i l s of A and B 

I n s u l a t i o n and 
support f o r 
0 * 0 2 mm. diam. 
n i c k e l w i r e (60-"0 

Gas i n l e t w i t h 
copper c o i l s t o 
b r i n g gas stream 
to the temperature 
of c e n t r a l copper 
block 

Copper block 
housing f o u r 
catharometers 

Gas o u t l e t s 

The tungsten wires (a) 
sealed i n t o the glsss and 
t o the ends hard soldered 
n i c k e l c y l i n d e r s ( d ) . 
To these n i c k e l c y l i n d e r s 
s o f t soldered the n i c k e l 
f i l a m e n t (b) and the 
connecting wires ( c ) . 

I n s u l a t i n g class tube. 
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DIAGRAM 6 

Trapping system 1 A f u l l size 

From 
detector 

This u n i t repeated 
s i x .times 

t* * * j 

I 

To ManoJeter 
\ v 1 

To pump )^*~r •and ——̂  / — I 

Section 
at C Q 

t 

-—B2U 

One a l l glass catharometer 
The tungsten wires (a) 
sealed i n t o the glass and 
to the ends hard soldered 
the n i c k e l filament (b) 
[ 0 - 0 2 mm. diam. 60-O. ] 
:nd the copper connections 

1 8 cms. r 
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up to V 2, f a l l i n g to the value given i n the condition 
of chromatography upto (The pressure drop being 
mostly over the column) while beyond V j the pressure 
was of the order of a few mms. Details of the 
construction of the detectors (Both types of whichi 
were s a t i s f a c t o r y ^ . the columns and e l e c t r i c a l c i r c u i t 
are given i n Diagrams 3 - 7 . 

For macro work the apparatus was modified as 
follows. The larger column was preceeded by a pre-
heater (Fig. 3 & 7 to ensure r a p i d vapourisation of 
the large sample and a system of traps (Fig.3 & 6 ) 

was incorporated to c o l l e c t separately the various 
samples. 

A n a l y t i c a l separations were carried out on small 
amounts ( 0 . 0 1 ml.) of substance which were introduced 
with an Agla micrometer syringe and galvanometer 
readings taken f o r 30 mins. "Larger amounts of l i q u i d 
(up to 10 ml.) were added w i t h a burette (Fig. 7 ) 

and as the pure compounds emerged, as indicated by 
the galvanometer, they were lead through the appropriate 
trap cooled i n l i q u i d Ng» Complete e l u t i o n of a 
sample took 6 -8 hours, depending on the age. of the 
packing and although chromatograms of such separations 
were not constructed an idealised example i s given 
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(Diag.. 5). 
The c e l i t e 54:5 was prepared* f o r t h i s work by 

extracting w i t h concentrated hydrochloric acid, 2N 

sodium hydroxide s o l u t i o n and grading -^ and the f i l l i n g s : 
prepared from the stated amounts of material. The 
semimicro columns contained, about 15 g. and the macro 
columns about 1 ,000 g. of f i l l i n g . 
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PRACTICAL DETAILS 

PREPARATION OF 1 CHLORO CYCLOHEXENE 

The methods of preparation consist of dropping 
cyclohexanone onto phosphorus pentaciiloride. The 
differences i n the methods l i e i n the use of solvents, 
the method of working up and the i n c l u s i o n of ommission 

15 
of a dehydrochlorination stage. The a l t e r n a t i v e 
method of mixing reagents, namely the addition of the 
s o l i d phosphorus pentaehloride to the cyclohexanone, 
although more ea s i l y accomplished, yielded upon 
hydrolysis of the reaction mixture only t a r (see 
below). I n view of the favourable y i e l d and the 
s i m p l i c i t y of the metho;d that of Braude and Coles waa 
adopted. Gas chromatographic analysis of the 
o l e f i n so prepared showed the presence of 16# of 1,1-
dichloro cyclohexane • 

The preparations were, c a r r i e d out as described, 
by the authors but the f o l l o w i n g observations were 
made. 
a) Carrol,et a l i a 1 5 d 

The ; steam d i s t i l l a t i o n of the reaction product 
yielded an i n i t i a l l y cold d i s t i l l a t e that r a p i d l y 
warmed. This was thought to be due to hydrolysis 
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of the 1 ,1-dichlorocyclohexane present. To overcome 
t h i s loss of product the steam d i s t i l l a t e was 
separated and the organic layer dried as quickly as 
possible. 

15b 
b) Mousseron et a l i a 

The ethereal s o l u t i o n of the reaction products 
r a p i d l y warmed and eventually b o i l e d i n the presence 
of water and i t was found advisable to have ice 
present u n t i l the ethereal s o l u t i o n was dried. 

15a 
c) Braude et a l i a 

An a d d i t i o n a l wash of the crude product w i t h 
sodium b i s u l p h i t e s o l u t i o n , to remove any cyclohexanone, 
did not lower the y i e l d . I t was also found th a t the 
dry n e u t r a l product could be d i s t i l l e d at atmospheric 
pressure i f the d i s t i l l a t i o n was completed i n under 
four hours. 
d) Addition of phosphorus pentachloride to cyclohexanone 

Cyclohexanone (653 g. 0.68 mole) was s t i r r e d i n a 
three necked f l a s k equipped w i t h r e f l u x condenser 
and phosphorus pentachloride (1,800 g. 0.68 mole) was: 
added* from a conical f l a s k v i a a wide rubber tube 
w i t h the exclusion of the a i r while the temperature 
was kept below 3 0 ° by an ice bath. Working up by steam 
d i s t i l l a t i o n or ice hydrolysis yielded n e g l i g i b l e 
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qu a n t i t i e s of o l e f i n . 

ACTION OF HYDROGEN FLUORIDE ON 
1 CHLQRO CYCLOHEXENE 

WITH uU'il. CAT^aTS 
a) Y/ith excess hydrogen f l u o r i d e 

1-Chloro cyclohexene (50 g. 0.43 mole) was put 
i n t o a cold autoclave (0°C.) and hydrogen f l u o r i d e 
(26 ml. 1.4 mole) added. The autoclave was 
rotated, allowed to come to room temperature (30 
mins.) and the temperature raised to 100° over one 
hour when the pressure was 15 atmospheres. Af t e r 
r o t a t i n g at t h i s temperature f o r one hour i t was 
allowed to cool overnight and then cooled i n i c e . 
The autoclave was vented and the contents sucked 
out onto crushed ice (200 g.). The r e s u l t i n g 
heavy dark brown o i l was d i l u t e d w i t h ether u n t i l 
the r e l a t i v e density of the s o l y t i o n was less, than 
one, washed w i t h sodium bicarbonate sol u t i o n and 
then water u n t i l n e u t r a l and dri e d (MgSO^). A f t e r 
d i s t i l l a t i o n to remove most of the ether and leave 
the t a r (10 g.) the remainder, which d i s t i l l e d between 
60° and 200° was fr a c t i o n a t e d through a 15 plate 
concentric tube column to give intermediate 
f r a c t i o n ( 1 m l . ) b.p. 60:-100°; 1,1-difluoro cyclohexane 



( 1 1 . 5 ml.) b.p. 100-102°; intermediate f r a c t i o n 
(7 . 3 ml.) b.p. 102°-l68°,; 1,1 dichlorocyclohexane 
(1.8 ml.) b.p. 168° and residue (4 ml.) 

A f t e r a s i m i l a r experiment the reaction mixture 
was d i s t i l l e d to remove ether, tar (10.0 g) 
and high b o i l i n g residues ( 6 g., b.p.>200°) and 
the product (19 g. b.p. 60-200°) analysed 
chromatographically and found to contain 1,1-difluoro-
cyclohexane ( 5 . 9 g.) 1-chloro-l-fluorocyclohexane 
(2.7 g.), 1 chlorocyclohexene (1 . 5 g.) and 1,1-
dichloro cyclohexane (8 . 9 g.) 

b) With equivalent amount of hydrogen f l u o r i d e 
The previous experiment was repeated using 

1-chlorocyclohexene (50 g. 0 . 43 mole) and hydrogen 
f l u o r i d e ( 8 . 6 ml. 0 . 43 mole) but a f t e r coming to 
room temperature the mixture was allowed to stand 
overnight without heating. No pressure developed and 
the product was worked up as before. A f t e r 
removal of the ether the crude product (46 g.) was 
put i n t o the 15 plate concentric-tube s t i l l but 
i n bringing i t to equilibrium considerable 
decomposition took place w i t h elimination of halogen 
acids and formation of t a r . 

A s i m i l a r experiment gave on r a p i d d i s t i l l a t i o n 
of the ethereal s o l u t i o n of reaction products a 
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DIAGRAM 8 
Reactor used i n preparation of AgF^ and HgP„ 

1/3 actual size 

Heater consisting of glass tube around which 
e l e c t r i c a l heating element wound and 
.covered with asbestos 

S t i r r e r consisting of brass rod 
with steel paddles attached, to brass 
discs 

Gas e x i t 

Gopper tube with brass s t i r r e r bearings 
P.V.C. tubing 

BF, Generator 

CaCl 
tube 

311+ 

P.V.C. 
ing 

safety 
trap -\ 

safety 
valve 

water 
"condenser 

BF, i n a n i s o l e 

and 
NaBF. 

k 
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crude material (40 g. b.p. 60-180°),. s t i l l residue 
(4 gv b.p. > 180°) and t a r (2.5 g. )• When analysed 
by gas chromatography the f i r s t f r a c t i o n was shown to 
contain 1,1-difluorocyclohexane ( 6 . 6 g.), 
1-chloro-l-fluorocyclohexane ( 1 3 . 3 g.)» 1-chlorocyclo-
hexene (2.1 g.) and 1,1-dichlorocyclohexane (18 g.). 
WITH CATALYSTS 
Boron t r i f l u o r i d e 

This gas was prepared by the action of concentrated 
sulphuric acid on a mixture of sodium borofluoride 

•'675' • 

and boric anhydride as described by H.S. Booth et a l . 
i n a glass and p o l y v i n y l chloride apparatus (Diag. 8 ) 
and stored i n anisole s o l u t i o n , from which i t was 
recovered by heating. 

Aluminium t r i c h l o r i d e was used without f u r t h e r 
p u r i f i c a t i o n but the stannic chloride was 
r e d i s t i l l e d . 
a) With boron t r i f l u o r i d e and excess hydrogen f l u o r i d e 

1-Chlorocyclohexene (60.5 g. 0.54 mole) and 
hydrogen f l u o r i d e (17.2 g. 0 . 8 6 mole) were placed 
i n a brass reaction vessel equipped w i t h a condenser 
cooled w i t h a s o l i d C0 2/ethanol mixture.; and a stream 
of boronr.trifluoride passed f o r two hours. The 
viscous reaction product was dissolved i n ether and 
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and the ethereal s o l u t i o n washed, w i t h sodium 
bicarbonate s o l u t i o n and, water u n t i l n e u t r a l and 
dried (MgSO^). Repeated d i s t i l l a t i o n s gave intermediate 
f r a c t i o n (b.p. <100°, 2.5 g.), impure 1,1-difluoro-
cyclohexane (b.p. 10.0-110° n£°= 1.3981,. 9.5 g.) 
intermediate f r a c t i o n (b.p. 107°- 158° 4 g.) and a 
mixture of 1,1-dichlorocyclohexane and 1-chlorocyclo-
hexene formed by decomposition of former during 
d i s t i l l a t i o n (5 g. b.p. 158-84°/36 mm. 42# Cl 0..35* F) 

A similar, experiment was conducted using 
1-chlorocyclohexene (50 g. 0.43 mole) and hydrogen 
f l u o r i d e (26 ml. 1.3 mole) and the crude product 
(9 g. b.p. 60-180°) separated from t a r r y residues 
(6^5 g.) and l i q u i d residues ( 3 g. b.p. 80-100/24 mm). 
When the crude product was analysed by gas 
chromatography i t was found to contain 1,1-difluoro-
cyclohexane (8.9 g.) and n e g l i g i b l e amounts of 
1-chlorocyclohexene and chlorofluorocyclohexane. 
With boron t r i f l u o r i d e and equivalent amount of 

hydrogen f l u o r i d e 
The experiment was repeated using 1-chlorocyclo

hexene (50 g. 0.43 mole) and hydrogen f l u o r i d e 
(8.6 ml. 0 . 43 mole). Less t a r and u n d i s t i l l a b l e 
residues (4 g.) were obtained and larger amounts of 
a mixture (35 g. b.p. 80° at At.press, to 96° a t 14 cms.) 
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whose composition was probably s i m i l a r to t h a t 
produced when aluminium t r i c h l o r i d e and stannic 
chloride were used. The mixture was not analysed 
by gas chromatography. 

b) With stannic chloride 
1-chlorocyelohexene (50 g. 0.43 mole) was 

cooled to -78° i n a brass reaction vessel of about 
150 ml. capacity, anhydrous stannic chloride ( 1 g.) 
and hydrogen f l u o r i d e ( 8 . 6 ml. 0.43 mole) were added 
and the vessel f i t t e d w i t h a screw on l i d carrying 
a delivery tube attached to a calcium chloride tube. 
The mixture was allowed to warm up to room 
temperature overnight as the s o l i d COg evaporated, 
poured onto ether and washed wi t h water, sodium 
bicarbonate s o l u t i o n , water u n t i l n e u t r a l and 
dried (MgSO^). D i s t i l l a t i o n of t h i s solution 
yielded a mixture (40.3 g. b.p. 6 0 ° - 1 9 0 ° ) l i q u i d 
residues (3 g. , b.p. 19<°-200°) and t a r (1*5 g.)« 
The mixture was analysed by gas chromatography 
and shown to contain 1 ,1-difluorocyclohexane ( 5 . 5 g.) 
1 - c h l o r o - l - f luorocyclohexane (11.-3 g«)» 
1-chlorocyclohexene (4.0< g.) and 1 , 1-dichlorocyclo-
hexane (19.4 g.). 

c) With aluminium t r i c h l o r i d e 
The previous experiment was repeated using 



aluminium t r i c h l o r i d e ( 1 g.) as catalys t instead of 
stannic chloride. The ethereal s o l u t i o n of reaction 
products yielded a mixture (42 g. b.p. 60°-180°), 
l i q u i d residues (3 g. b.p. 180°) and t a r (1.5 g. )# 
Gr.as chromatographic analysis of the mixture showed 
that i t contained 1,,1-difluorocyclohexane (1.9 g..), 
1-chloro-l-fluorocyclohexane (18.7 g.)» 
1-chlorocyclohexene (3»-7 g.) and 1 j l - d i c h l o r o c y c l o -
hexane (17.8 g.). 

The addition of aluminium t r i c h l o r i d e to 
1-chlorocyclohexene at room temperature produced a 
vigorous reaction i n the absence of hydrogen f l u o r i d e 
and most of the reaction mixture was lost.. 

COMPARATIVE HYDROLYSES: OF THE DIHALO-CYGLOHEXAMES 

As the d i f l u o r o compound was expected, to be the 
least reactive of these three compounds experiments 
were c a r r i e d out to f i n d conditions t h a t would j u s t 
produce hydrolysis of t h i s ; compound and apply these: 
conditions t o the chloro-fluoro and dichlorocyclo>-
hexanes. 
Hydrolyses w i t h aqueous solutions:-

1,1-difluorocyclohexane (0.8925 g.) was refluxed 
on a water bath w i t h 25 ml. W. sodium hydroxide. 



s o l u t i o n samples (O1.5 ml.) were removed a f t e r 5 hours 

and 8£ hours and the a l k a l i present t i t r a t e d w i t h N. 
acid. Comparison w i t h a blank experiment run i n 
p a r a l l e l showed tha t no hydrolysis had occurred.. 

The sodium hydroxide was brought up to 4N.. 
Af t e r a f u r t h e r 5 hours heating q u a l i t a t i v e tests:, 
(zirconium n i t r a t e and sodium a l i z a r i n sulphonate 
i n acid solution) showed the absence of f l u o r i d e i o n . 

After addling more sodium hydroxide to bring the 
sol u t i o n to 10) N. the mixture was heated f o r a 
f u r t h e r 9 hours. A sample ( O i l ml.) when passed 
through a cation exchange column (Amberlite IR 120- H) 
showed, when compared w i t h the blank experiment, that 
no hydrolysis had occurred.. 
Hydrolyses i n ethanolic solutions 

Dry reduced'^'-'8 ethanol was used throughout 
and simply by dissolving m e t a l l i c sodium i n t h i s 
solvent the sodium ethylate solutions were prepared. 
The hydrochloric acid solutions were; made up from 
ethanol, water and A.R. hydrochloric acid. The 
hydrolysis mixtures were sealed i n t o hard glass tubes 
and heated i n an o i l bath at. 130:°. At the end of 
the required time the tubes were cooled to -78°, 
opened and the contents made up to 100 ml. a f t e r 
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removal of the organic layer i n the case of acid 
hydrolysis. 

The amount of reaction i n a l k a l i n e hydrolyses 
was determined "by passing an. a l i q u o t (10 ml.) through 

56 
a cation exchange column (Amberlite I.R. 120 H) 
and estimating the halide i o n as the halogen hydracid. 
Blank reaction were run i n p a r a l l e l to allow f o r the 
attack of glass. 

I n acid hydrolyses there was much loss of 
hydrochloric acid as ethyl chloride. The amount of 
reaction was estimated from the difference i n the acid 
present i n the sample and i n a blank experiment. 
I t was found necessary to heat; the aliquot to b o i l i n g 
to sharpen the end p o i n t . (Tables give d e t a i l s of 
the reagents etc.) 
Attempted reduction of l.l-dihalocyclohexanes 

Samples of the organic halide (0.2-0.5 g.) were 
shaken w i t h 85# ethanol i n the reaction f l a s k of a 
Towers Atmospheric pressure Hydrogenation apparatus 
i n the presence of palladised carbon (0.2 g.) at a 
pressure 1 cm. greater than atmospheric pressure f o r 
1-2 hours. I n no case was any hydrogen absorbed 
or any free halogen acid detected i n excess of that; 
l i b e r a t e d i n a blank experiment c a r r i e d out w i t h 
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catalyst and solvent only. 
Preparation of cyclohexanone from 1.1-dichloroc.vclo-

hexane 
A mixture of 1,1-dichlorocyclohexane (11.0 g.) 

and concentrated sulphuric: acid (110 ml.) was s t i r r e d , 
and warmed on a waiter, bath at 45° There was 
a vigorous evolution of hydrogen chloride and a f t e r 
1 hour the mixture was poured, onto i c e * After 
n e u t r a l i s i n g w i t h sodium carbonate and allowing 
the c r y s t a l s o f sodium sulphate to s e t t l e the mixture 
was ether extracted (4 x 25 ml.),, the extract dried; 
(MgSO^) and the ether d i s t i l l e d to leave cyclohexahone 
(4 g. 57#, b.p. 157° n^° 1.4512 semicarbazone 
m.p. I65te5° mixed, m.p. w i t h authentic specimen 166°). 
THE ADDITION OF HYDROGEN CHLORIDE TO, 1-CHLOROCYCLOHEXENE 

1-Chlorocyclohexene (50 g.) and stannic chloride 
(2.5 ml.,) were cooled to 0° i n a f l a s k f i t t e d , w i t h a 
s t i r r e r and calcium chloride tube while anhydrous; 
hydrogen chloride was passed i n at the rate of three, 
bubbles per second. A f t e r two hours the weight 
had increased by 6 g. and d i d not increase on f u r t h e r 
passage of hydrogen chloride. After dissolving 
i n ether the reaction mixture was washed w i t h d i l u t e 
hydrochloric acid, water, sodium bicarbonate s o l u t i o n 
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and then water u n t i l n e u t r a l and dried (MgSO^). 
D i s t i l l a t i o n f a i l e d , to give pure samples of 

eit h e r s t a r t i n g material or dichlorocyclohexane 
and so the product, a f t e r removal of the ether, was 
separated roughly i n t o a mixture of monochlorocyclo-
hexene and dichlorocyclohexane (44.5 g. b.p. 100-180°), 
l i q u i d residues (3 g. b.p. >180°) and t a r ( 1 g. ).. 
The mixture was analysed chromatographically and 
shown to contain 1-chlorocyclohexene (16.4 g.) and 
1,1-dichlorocyclohexane (28.0 g.). Allowing f o r 
the dichlorocyclohexane already present and f o r the 
recovered o l e f i n t h i s represents a y i e l d of 55#. 

PREPARATION OF 1.1.2-TRICHL0R0CYCL0HEXANE 
As 1,1,2-trichlorocyclohexane produced by the 

action of phosphorus pentachloride on 2-chlorocyclo-
hexanone1->b contains i n ad d i t i o n chloro o l e f i n s , the 
t r i c h l o r o compound was prepared by "the d i r e c t addition 
of chlorine to 1-chlorocyclohexene as described by 
Tischenko"^. 

1-chlorocyclohexene (160 g. 1.4 mole) had chlorine 
bubbled through u n t i l the t h e o r e t i c a l increase i n 
weight occurred. (11 hours). The mixture was 
d i l u t e d w i t h ether, washed w i t h wate.r and dried. 
A f t e r several d i s t i l l a t i o n s 1,1 ,.2-trichlorocyclohexane 



(28 g. , 0 .15 mole, 10.8# yield!) was obtained. 

(b.p. 104/19-5 mms - 107/15 mras: CI found 

56.7# required for CgHgClj 54.5# n^° 1.5360' -

1.5300). 
By anology to the additive chlorination of 

21 
cyclohexene an attempt was made to increase the 

y i e l d and decrease the reaction time by addition of 

J of the t h e o r e t i c a l amount of chlorine. 

1-Chlorocyclohexene (1,074 g. 9.06 mole) sodium 

carbonate (10 g.) and anhydrous magnesium sulphate 

(10 g.) were kept below 20° i n a c y l i n d r i c a l reaction 

v e s s e l while chlorine (170 g. 2.4 mole) was absorbed. 

In spite of the sodium carbonate, some of which remained^ 

there was a copious evolution of hydrogen chloride. 

The reaction mixture was poured onto d i l u t e sodium 

carbonate solution, the organic material ether 

extracted, washed, dried (MgSO^) and d i s t i l l e d . 

After seve r a l d i s t i l l a t i o n s 1,1,2-triGhlorocyclohexene 

(379 g., 2 mole, 83# y i e l d with respect to chlorine 

absorbed) was obtained and 1-chlorocyclohexene (304 g. 

2.6 mole 29$) recovered. I n view of the labour 

involved i n recovering unchanged o l e f i n and the l o s s e s 

t h i s involves t h i s method was not adopted. 

In the t h i r d attempt chlorine was passed down 
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the s t i r r e r into the o l e f i n (170; g. 1.4 mole) i n 
a c y l i n d r i c a l i c e cooled reaction v e s s e l i n the dark 
u n t i l the solution was green (dissolved c h l o r i n e ) . 
After s t i r r i n g for 5 mins. to allow hydrogen chloride 
to escape the mixture was poured onto i c e , and the 
organic l a y e r washed dried and d i s t i l l e d . Over a 
s e r i e s of reactions the product ( h ^ 1.4499 - 1.5290) 
was i s o l a t e d i n y i e l d s of 36-49$. 

FLUORINATION OP 1.1.2-TRICHL0R0CYCL0HEXMTE 

WITH HYDROGEN FLUORIDE 

1,1,2-Trichlorocyclohexane (37 g. 0.20 mole) and 

hydrogen fluori d e (60 mis. 3.0 mole) were placed i n 

an autoclave and heated to 100° and 18 atmospheres 

and then allowed to cool overnight. The contents 

of the autoclave,a viscous o i l , contained much 

hydrogen fluoride and when poured onto i c e yielded 

only a s o l i d , soluble i n benzene. 

WITH BORON TRIFLUORIDE AND HYDROGEN FLUORIDE 

The t r i c h l o r i d e (50 g. 0.27 mole) and hydrogen 

fluoride (10.6 ml. 0 .53 mole) mixed i n a brass reaction 

v e s s e l and boron t r i f l u o r i d e (11 g.) passed f or 45 mins. 

The thick t a r r y product i n ether solution was washed 

with sodium bicarbonate solution, water u n t i l n e u t r a l 

and dried (MgS0 4). D i s t i l l a t i o n of t h i s solution 
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yielded a ne g l i g i b l e amount of unsaturated l i q u i d 
20 

(b.p. 58-99/29 mms., n£ v 1.4924), a c i d fumes and 

s o l i d polymer. 

WITH BORON TRIFLUORIDE AMD HYDROGEN FLUORIDE AT -78° 

1,1,2-Trichlorocyclohexane (50 g. 0.27 mole) and 

hydrogen fluori d e (10.6 ml., 0.53 mole) were mixed 
o 

i n a brass reaction v e s s e l at -78 and boron t r i f l u o r i d e 

passed for 1 hour. When allowed to warn up the 

contents were found to be only t a r s . As the 

ta r r i n g might occur during the warming up the 

above experiment was repeated but immediately the 

reaction was completed the contents were poured onto 

ether and the ethereal solution washed with sodium 

bicarbonate solution, with water u n t i l neutral and 

dried (MgSO^). D i s t i l l a t i o n of t h i s solution 
yielded an unsaturated l i q u i d (3*5 g. b.p. 78-88/17 mm. 
20 

n^ 1.4938) and much polymer. 

WITH STANNIC CHLORIDE AND HYDROGEN FLUORIDE 

The t r i c h l o r i d e (50 g. 0.27 mole) and 

hydrogen fluoride (10.6 ml. 0.53 mole) and stannic 

chloride (1 g.) were mixed i n a brass reaction v e s s e l 

at -78°' and allowed to come to room temperature. 

The contents were poured onto ether and the ethereal solu* 

tion washed,dried and d i s t i l l e d to give mainly 



s t a r t i n g material (8.5 g. b.p. 38°/75 cms. 88°/23 mms. 

1.494:6) containing a l i t t l e low b o i l i n g subatanae. 

and unreacted s t a r t i n g material (19.5 g. b.p. 

88/23 mm. - 96/20 mms. 1.5056). 

WITH ANT IMONY TRIFLUORIDE 

The antimony t r i f l u o r i d e was p u r i f i e d by 
59 

r e c r y s t a l l i s a t i o n from dry methanol and the 

antimony pentachloride was r e d i s t i l l e d . 

a. 1,,1,2-trichlorocyclohexane (20: g. 0.,11 mole) and 

antimony trifluori.de (20 g. 0.11 mole) and antimony 

fluoride chloride (3 g. prepared by passing chlorine 

into molten antimony t r i f l u o r i d e ) were mixed i n a 

d i s t i l l a t i o n f l a s k and heated u n t i l reaction took 

place (280°'). The d i s t i l l a t e was dissolved i n 

ether, washed with sodium bicarbonate solution and 

water u n t i l n e u t r a l and dried (CaCl^). D i s t i l l a t i o n 

of the ether solution gave an unsaturated l i q u i d 

(1 g. b.p. 140-150° n^ 5 = 1.4786). 

Sligh t a l t e r a t i o n s of the experimental technique 

were t r i e d 

b. Antimony t r i f l u o r i d e (18 g. 0.10 mole) and 

antimony pentachloride (1 g.) were mixed and heated, 

to 180° i n a f l a s k equipped with dropping funnel and 

condenser i n d i s t i l l a t i o n position. The t r i c h l o r i d e 

http://trifluori.de
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(18 g. 0.10' mole) was added slowly and the d i s t i l l a t e 

worked up as before to give an unsatured l i q u i d 

(1 g. b.p. 146-156 n^° 1.4734 34.7# CI 8.3# P) 

c. 1,1,2-Trichlorocyclohexane (20 g. 0.11 mole) and 

antimony pentachloride (1 g.) were heated together 

to 180° i n a f l a s k equipped for d i s t i l l a t i o n and 

antimony t r i f l u o r i d e (20 g. 0.11 mole) added with the 

exclusion of a i r . The d i s t i l l a t e was worked up as. 
before ana yielded an unsaturated l i q u i d (3 g. b.p. 146-

170 n£ 9 = 1..4790). 

WITH POTASSIUM FLUORIDE 

The potassium fluoride was dried under reduced 

pressure (about 2.0 cms.) at 170°. The g l y c e r o l 

was d i s t i l l e d under reduced pressure r e j e c t i n g the 

i n i t i a l d i s t i l l a t e . The samples used had the 

following properties b.p. 173°/16 mms. n^° 1.4741. 

a) With solvent 

Potassium fluoride (12 g. 0.21 mole) and g l y c e r o l 

(30 g.) were s t i r r e d at 180° i n a creased flask** 0 

equipped with dropping funnel and delivery tube to 

cooled receiver. l,]^2-Trichlorocyclohexane (20 g. 

0.18 mole) was added slowly over 3 minutes. A 

vigorous reaction then took place and a f t e r 10 minutes 

8 mis. of l i q u i d had d i s t i l l e d over. The apparatus 



was flushed with C0 2 (30 mins.) and the d i s t i l l a t e 

(10 g.) washed with water, sodium bicarbonate solution 

water u n t i l n eutral and dried (MgSO^). D i s t i l l a t i o n 

gave an unsaturated l i q u i d (b.p. 79°/24 mm. n^ 9 1.4994 

43.4$ C I , n e g l i g i b l e F) which appeared to be mostly 

dichlorocyclohexenes. 

b. Without solvent 

Potassium fluoride (20 g. 0.35 mole) was heated 

to 150° and the t r i c h l o r o compound (20 g., 0.18 mole) 

added slowly as above. No reaction occurred u n t i l 

the temperature was r a i s e d to 210° when a rapid 

d i s t i l l a t i o n took place which subsided a f t e r 10 

minutes. The d i s t i l l a t e was worked up as.before to 

give an unsaturated l i q u i d (8 . 5 g« b.p. 80-92/18 mm., 

n j 9 1.50B3 44.2# CI negligible p) as well as small 

amounts of a more v o l a t i l e unsaturated f r a c t i o n (3„5 g 
o 19 54 / 26 mm-80/19 mms. 1.4940.) I t thus seems we 

again have the formation of dichlorocyclohexenes 

with the p o s s i b i l i t y of some chlorocyclohexadienes. 

WITH MERCURIC FLUORIDE 

Preparation of mercuric fluoride. 

The reactor (Diag. 8 ) was charged with mercuric, 

chloride (100 g. 0.36 mole) and the temperature i. 

r a i s e d to 150° while chlorine t r i f l u o r i d e i n i t i a l l y 
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diluted with nitrogen was passed for 5 hours (27 g. 
0.29 mole).. The pale yellow product contained 
n e g l i g i b l e chlorine. 

The use of mercuric oxide (100 g. 0..47 mole) and 

chlorine t r i f l u o r i d e (36 g. 0 .39 mole) i n a s i m i l a r 

but u n s t i r r e d reactor at 150° produced a s o l i d 

containing 75$ of mercuric flu o r i d e . 

Attempted f l u o r i n a t i o n 

1,1,,2-trichlorocyclohexane (34.5 g. 0..18 mole) 

was placed i n a brass reaction v e s s e l and mercuric fluor i d e 

(71 g. of 75$ pure,, 0.22 mole) was added portionwise. 

As a vigorous reaction took place immediately the 

reaction v e s s e l was cooled and a condenser attached. 

After standing 30 minutes at room temperature the 

products were dissolved i n ether and the organic l a y e r 

washed with water only and dried. When d i s t i l l a t i o n 

of t h i s "solution was attempted decomposition occurred 

at 40°. 
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ATTEMPTED FLUORIDATION OF 1,2-DIBROMOCYCLOHEXANE 

a. WITH HYDROGEN FLUORIDE 

l,;2-Dibromocyclohexane (64 g.. 0.25 mole) and 

hydrogen fl u o r i d e (21 mis. 1 mole) were sealed i n an 

ice cold autoclave and heated to 100° and then 

allowed to cool. The product ( s o l i d and a l i t t l e 

l i q u i d ) was poured onto i c e and ether and the ethereal 

solution washed with sodium bicarbonate solution and 

water u n t i l n e u t r a l and dried (MgS0)^). When d i s t i l l e d 

t h i s yielded only ether while there was recovered from 

the washings a s o l i d polymer (10 g..). 

b. WITH MERCURIC FLUORIDE 

i ) Nascent mercuric flu o r i d e . 1,,2-Dibromocyclo-

hexane (121 g. 0.5 mole) and mercuric oxide (100 g.. 

0.5 mole) were s t i r r e d together i n a brass reaction 

pot and hydrogen fluoride added u n t i l the red colour 

of the mercuric oxide disappeared. (8 hours). 

Ether (300 ml.) was added, the s o l i d mercuric, 

bromide washed with ether and the ethereal solutions 

washed with water only and dried (MgSO^). 

D i s t i l l a t i o n produced complete decomposition of 

the d i s t i l l a n d at 160°C, up to which point only 

ether had d i s t i l l e d . This reaction was repeated 



and the d i s t i l l a t i o n c a r r i e d out under reduced pressure 

to give a l i q u i d (20.5 g. b.p. 22°/29 mms. - 55°/18 mms) 

that decomposed.: completely when attempts were made 

to r e d i s t i l at atmospheric pressure. 

. i i ) S o l i d mercuric fluoride. 1,2-Dib.romocyclohexane 

(36 g. 0 .15 mole) was placed i n a cooled brass v e s s e l 

and mercuric fluoride (24 g. of 75$ 0.0.7 mole) added 

portionwise. After standing 30 minutes, the produets 

were dissolved i n ether and ice added. The ethereal 

solution was washed with water only and dried (MgSO^). 

D i s t i l l a t i o n yielded a l i q u i d containing n e g l i g i b l e 

fluorine (5 g. b.p. 40°/At. Press.. -45/25 mm. 

n^* 51.3690, 5-2$ Br 2$ F) and s t a r t i n g material 

(14 g. b.p. 45°/25 mms - 96°/ll mms) and 7 g.. 

residue. More vigorous conditions were tried., 

Mercuric fluoride (36 g. 0 .15 mole) was placed 

i n a f l a s k equipped with dropping funnel,, s t i r r e r 

and lead to condenser i n d i s t i l l a t i o n position 

and r e c e i v e r s at -78°C. 1,2-Dibromocyclohexane 

(36 g. 0 .15 mole) was added, the temperature being 

r a i s e d a f t e r the f i r s t few drops were added u n t i l 

reaction occurred and then the addition being 

completed slowly. There were recovered from the cold 

traps two very small samples of l i q u i d . The f i r s t 



was unsaturated (9.1$ P. 18.7$ Br) while the 

second was saturated and probably contained 

s t a r t i n g material (0 .6$ P and 1+0.1$ B r ) . 

WITH ARGENTIC. PLUORIDE 

Preparation of argentic fluoride. Argentous fluori d e 

(102 g. 0.8 mole) was placed i n a reactor and 

heated while nitrogen was passed to dry the 

substance... '.Chlorine t r i f l u o r i d e . was then passed 

for 9 hours (21 g. 0.23 mole) and the dark powder, 

so produced analysed by t i t r a t i n g the iodine i t 

l i b e r a t e s from aqueous potassium iodide solution, 

showed i t to be 27$ AgPg. 

Attempted f l u o r i n a t i o n Argentic fluo r i d e 

(73 g. of 27$ 0.14 mole) was placed i n an ice 

cooled f l a s k equipped with s t i r r e r , dropping 

funnel and lead to traps at -78°. 1,,2-Dibromo-

cyclohexane. (15.5 g. 0.06 mole) was added when 

a vigorous reaction took place. When t h i s 

subsided the pressure was reduced to ensure 

removal of v o l a t i l e products to the cooled traps. 

The reaction products when d i s t i l l e d from s o l i d 

potassium fluoride yielded two unsaturated l i q u i d s 

( i ml. b.p. < 2 0 ° / 1 0 mms. 27.8$ P) and (£ ml. b.p. 

> 2 0 ° / 1 0 mm. 30.3$ P, 10.4$ Br) i n both of which 



hydrogen as w e l l as bromine had been replaced by 

fluo r i n e . 

FLUORIDATION OP 1 .,2-DICHL0R0CYCL0HEX-l-ENE 

Preparation of 1.2-dichloroc.yclohex-l-ene 1,1,2-tri-

chlorocyclohexane (50 g. 0 .27 mole) and quinoline 

(34-.5 g. 0 .27 mole) were mixed and heated under 

refl u x to 210° during 25 minutes and kept there for 1 

20 minutes by which time the vigorous reaction had 

subsided. The reaction product was poured onto 

water, ether extracted,: washed with water only and 

dried. D i s t i l l a t i o n gave a mixture of the desired 

o l e f i n with the lower b o i l i n g chlorocyclohexadiene 

as a l i q u i d with a wide b o i l i n g range; (24 g. 60$ b.p. 

76°/200 mms - 84/12 mms..). 

As the d i o l e f i n was formed by the elimination of 

two molecules of hydrogen chloride from one molecule 

of s t a r t i n g material the trichlorocyclohexane (234 g. 

1.19 mole) was heated to 210° and quinoline (153 g. 

1.19 mole) was added slowly and the temperature 

r a i s e d when a violent reaction set i n at 2 3 5 ° . The 

reaction mixture was cooled, poured onto water, and 

ether extracted. The ethereal solution was washed 

with 2N hydrochloric acid, 2N sodium bicarbonate 
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solution, with water u n t i l n e u t r a l and dried (MgSO^). 

D i s t i l l a t i o n gave 1,2-dichlorocyclohex-l-ene 

containing l e s s of the chlorocyclohexadiene (130) g.. 

0.86 mole 72$ b.p. 62/35 mms - 96°/10 nuns). 

As potassium fluoride at 190° caused the 

dehydrochlorination of 1,1,2-trichlorocyclohexane an 

attempt was made to use t h i s on a preparative scale, 

with potassium fluoride that had only been oven 

dried at 100°. The product was mainly starting, 

material. The second method of preparation was 

adopted. 

Attempted fluorinations. Dry lead dioxide, (79 g. 

0.33 mole) hydrogen f l u o r i d e (68 ml. 3.4 mole) 

preoooled to -78° and 1,2-dichlrocyclohex-l-ene (50 g.. 

0.33 mole) also precooled to -78° were sealed i n 

an autoclave at 0° and heated to 100°. After cooling 

overnight the contents i n ether were washed with 

hydrochloric acid and water u n t i l neutral and dried 

(MgSO^.). D i s t i l l a t i o n , of t h i s solution gave only 

t a r and an unsaturated l i q u i d (a few drops, b.p. 

54°/25 mms) probably the decomposition product of 

the t a r . There:- remained i n the autoclave a r e s i n 

l i k e s o l i d . 



ACTION OF POTASSIUM FLUORIDE SOLUTIONS ON SULPHONIC 

ACID ESTERS OF CYCLOHEXANOLS 

Preparation of e s t e r s A modification of one of the 

methods given by W i l d ^ for the e s t e r i f i c a t i o n of 

phenols was used. Tosyl chloride (20 g. 0.1 mole)& 

cyclohexanol. (10 g. 0.1 mole) were dissolved i n 

pyridine (15 ml.. 019 mole) and l e f t overnight. 

The excess pyridine was. then removed, with 2N 

hydrochloric acid to give the crude ester (24 . 0 g. 

0.094 mole, 94#). 

R e c r y s t a l l i s a t i o n from petroleum ether gave the 

pure ester, m.p. 4 4 - 4 4 . 5 ° (reported 43..3;-43.8"^„ 
62 

44-44.5 )• The t o s y l e s t e r of trans; 2-chloro-

cyclohexanol was prepared i n a s i m i l a r way from the 

alcohol i n 83# y i e l d and a f t e r r e c r y s t a l l i s a t i o n from 

methylated s p i r i t the pure ester (m.p. 52-52 . 5° ) was 

obtained. 

Attempted f l u o r i n a t i o n Cyclohexyl tosylate (15 g. 

0.06 mole) and aqueous potassium fluor i d e solution 

(7 . 8 ml. of 50# solution, 0.13 mole) were sealed, 

i n a glass tube and heated to 150?- f o r s f hours. 

The tube was then cooled, opened and the contents 

washed out onto more water. The o i l y product was. 

ether extracted and the ether solution washed, dried 
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(MgSO^) and d i s t i l l e d to give 1 ml. of an ether solu
tion of paroduojt (1.4$ F, smells of cyclohexene) and 
t a r while the reaction tube was etched. 

The second ester (0.03 mole) and aqueous 

potassium fluoride solution (4 mis. of 50$ solution, 

0.03 mole) were s i m i l a r l y treated to y i e l d an unknown 

s o l i d and an etched reaction tube. 

ACTION OF PHOSPHORUS PENTAFLUORIDE ON KETONES 

Preparation of phosphorus pentafluoride G.alcium 

fluoride (500 g. 6.4 mole) was ignit e d i n an iron 

v e s s e l for 1 hour and then sealed and allowed to cool. 

Phosphorus pentoxide (220 g. 1.6 mole) was stir r e d , i n 

and the iron v e s s e l resealed and heated, the phosphorus:-

pentafluoride being allowed to escape for 5 mins. 

to f l u s h the apparatus out and then lead through the 

ketone i n a brass reaction pot equipped with water 

condenser and calcium chloride tube. 

Attempted f l u o r i n a t i o n s When cyelohexano&.e (25 ml.. 

0.24 mole) was used the reaction products were dissolved 

i n ether, washed with water only and dried (MgSO^).. 

D i s t i l l a t i o n gave only ether and a t a r that decomposed, 

at 190°. When the cyclohexanone (47 ml. 0.46 mole) 

was diluted with ether (200 ml.) and the reaction mixture 

s i m i l a r l y worked up there was produced an ethereal 
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solution from which the ether was removed at 20° 

under reduced pressure to leave a t a r which d i s t i l l e d . 

up to 260°/l5 mms. The d i s t i l l a t e was r e d i s t i l l e d 

to give a l i q u i d (b.p. 10,7/25.5 cms. to 120°/4.2 cms.) 

containing cyclohexanone. The l a t t e r was removed as 

the bisulphite compound and the insoluble l i q u i d 

ether extracted, washed with water and dried. (MgSO^). 

On d i s t i l l a t i o n t h i s yielded a l i q u i d (b.p. 140-44/21 mitis. 

5 g.) containing phosphorus but no fluorine,, possibly 

a-sphosphoric acid ester of thej enal form of the 

ketone. 

Similar experiments with methyl ethyl ketone 

yielded only unchanged s t a r t i n g material and t a r . 
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INTRODUCTION 
In. the pursuit of an i o n i s i n g solvent for 

l i q u i d phase reactions with chlorine t r i f l u o r i d e 

Tanner"found that chlorine t r i f l u o r i d e decomposed 

t r i f l u o r o - and t r i c h l o r o - a c e t i c acids and t r i c h l o r o -

a c e t y l chloride and f l u o r i d e . Although few 

quantitative r e s u l t s were obtained•the presence of 

i n e r t halocarbons (carbon tetrachloride and 

hexachloro-ethane), carbonyl chloride, carbon monoxide, 

carbon dioxide, oxygen and chlorine was shown while-, 

i n the case of t r i c h l o r o a c e t i c acid, t r i c h l o r o a c e t y l 

chloride was also detected. 

L i t t l e work has been published on the decomposition 

of pure t r i c h l o r o a c e t i c acid. Various c a t a l y s t s and 

reagents have been used to promote the thermal 

decomposition of t h i s a c i d into products s i m i l a r to 

those above. (Table - I ) . The decomposition of 

solutions of a c e t i c acid and i t s s a l t s has been more 

extensively studied and the products are again similar, 

to those above. (Table I I ) . 

The decomposition of the a c i d chloride can only 

be compared to the p y r o l y s i s of t.rifluoroacetyl bromide 

to y i e l d trifluoromethyl bromide 2 and of t r i c h l o r o a c e t y l 

chloride and bromide to give carbon tetrachloride and 
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bromotrichl or orae thane respectively.^ 
There are several reactions that although not 

d i r e c t l y connected with the reaction "being studied 
have from the s i m i l a r i t y of the products some possible 
connection with the reaction and for t h i s reason are 
included i n the example given (Table I I I ) , 

Table I 

Thermal decomposition of CCl^COOH 

catalyst 
or reagent 

ThOr 

Kaolin 

G 
ThO, 

Pummice stone 

Tarnp.C. 

250-300 

260-320 ) 

) 
230 ) 

135 , 
165 j 

) 
) 

180 i 

Product 

CHC13,G02 ( l i t t l e CO, 
C 2C1 4, G 2C1 6, HC1) 

Kef. 

4 

COg, CO, CHCl 3,C 2Cl4 4 
( l i t t l e C 2C1 6, C0C1 2) 

4 

CHC13, c o 2 

C0,HCl-,C0Glp(also COg 
from C0C1 2 + H 20 i n 

apparatus) 

5 
5 

Aniline 100 CHC13 -»•- COg 6 
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Decomposition of COl^COOH i n solution 

Solvent Temp. Products Ref. 

H 20 70-90 CHC15 & C0 2 

PhNMe2 

PhNEtg 
Ph 2Me 

PnNEU 

70 CHClj & C0 2 

45 CHGI3 and C0 2 

8 

Decomposition of s a l t s of CCl^COOH i n solu t i o n 

Solvent 

H 20 

Sa l t 

Trace of Pe 
i n acid 

Activation 

3 * hv 

Products Ref. 

co 2& c 2 c i 6 10 

H 20 a l l Pe 3 + hv C0 2 & CHClj 10 

H 20 

H 20 

K hv 

temp. 
Ha' 

CC15CH0,HC1 10 
C0 2, CO 

40 - 100 CHC15 C0 2 11 
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Table I I I 

Related Reaction. 

S t a r t i n g 
Material Temp. 

Actfiva-
•felon Products Ref. 

CC13CH0+ 0 2 90 

GC130H0 + 0 2 90 

CCljCHO + B r 2 90 

CFjCOONa 170 

CF3C00H '+ B r 2 540 

CC15C00H and 
KP i n PhN02 

soln. 

CHC15 and 0 2 

130 

hv+Cl 2 

hv+Br 2 

hv 

CCljCHO +•- C l 2 90 hv 

active 
C 

C0C1 2, HC1, CO 12 

C0C1 2, CO, HC1 13 
BrCl, H 20 

CO,HBr,CCl 5Br 14 
COBr 2 & CHC15 

CCl^, CO, HC1 15 

CF,S & C0„ 

CFjBr 

CHClj, C0 2 

rays C0C1 2, HC1, & 

17 

18 
CI, 
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DEVELOPMENT OF METHOD 

The experiments c a r r i e d out were required to 

furnish quantitative information about the reaction 

products. These products can be c l a s s i f i e d as active 

or i n e r t according to t h e i r behaviour towards a l k a l i n e 

sodium sulphite solutions. Into the former c l a s s f a l l 

halogens, a c i d halides (including carbonyl h a l i d e s ) i 

halogen hydracids and carbon dioxide while the i n e r t 

materials appear from Tannerfe work to be mostly f u l l y 

halogenated methanes and ethanes, with small amounts of 

oxygen and carbon monoxide. 

Prom Tanner»s t h e s i s i t appeared! d i f f i c u l t to 

design an apparatus such that a l l the desired information 

could be derived from one experiment. Accordingly 

i t was decided to derive the information by comparison 

of the r e s u l t s of several experiments. 

As gas chromatography was considered to be the 

most promising means of ident i f y i n g and estimating the halo

genated'. methanes the f i r s t n e c e s s i t y was to obtain them 

as gases or l i q u i d s i n the absence of halogens and 

acids, or substances: capable of generating acids. As 

chlorine t r i f l u o r i d e i s probably present among the 

products of the reaction an a l k a l i n e solution of sulphite 

seemed a reasonable scrubbing l i q u i d . Preliminary 
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experiments i n which the reaction products were scrubbed 
with such a solution and then passed through a s e r i e s 
of cooled traps showed that the halogenated methanes 
were s a t i s f a c t o r i l y retained by the use of ethanol/Drikold 
and l i q u i d oxygen cooled traps while the halogenated 
ethanes were retained by the water cooled condenser 
i n the metal apparatus. Gas chromatographic ana l y s i s 
could be s a t i s f a c t o r i l y c a r r i e d out on the samples of 
halogenated methanes so obtained. 

The estimation of the active constituents required 
rather moire development. The f i r s t necessity was a 
means of removing the excess chlorine t r i f l u o r i d e from 
the reaction products and leaving other halogens. I t 
was found that when chlorine t r i f l u o r i d e was passed 
over both l i q u i d and s o l i d hydrocarbons the chlorine 
t r i f l u o r i d e was e i t h e r i n e f f i c i e n t l y absorbed or chlorine 
was generated. When pure chlorine was passed into or 
over the hydrocarbons i t was found to dissolve or 
react, i n some cases quite appreciably. 

These facts were u t i l i s e d to develop a method of 
phosgene a n a l y s i s . The chlorine t r i f l u o r i d e was 
removed with benzene and the chlorine was removed by 
antimony metal leaving only the phosgene together with 
carbon dioxide and i n e r t materials which did not i n t e r 
fere with the iodometric determination of the 
phosgenes.^ 
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DIAGRAM 1 

Block diagram of apparatus used to 
Investigate the action of ClF^ on Qda^COOH & GG1,C0C1 

Metal apparatus common to a l l experiments. 

N, 

T T T Gopper HaOH Plow-
furnace pellets meter 

2 reaction 
vessels 

1 st safety-
trap 

C1F. 
T r lov/meter 

Glass apparatus 
Experiment type A CaClp 

2nd sefety--^' 
trap Gondenser 

Cooled 
traps 

Flow
meter GaCl 0 

i—, , d_ d 

2nd safety Alkaline sulphite 
trap scrubber Aspirator 

; KF sb -o tube metal -o 
1 

Nal 
bubblers 

I 
trap 

GaCi; 

Experiment type C 

Flowmeter 

Orsat -O 

2nd safety 
trap 

1 
Gas 

reservoirs 
I 

CaCl, 

-o Nal 
bubblers 

i 
F lov/meter 



83 . 

I t was also found that the whole of the 
reaction products could be s a f e l y passed into a solution 
of sodium iodide i n dry acetone, thus giving the t o t a l 
amount of halogens and phosgenes including the excess 
chlorine t r i f l u o r i d e . 

Estimates of the carbon dioxide, oxygen and carbon 

monoxide were e a s i l y obtainable by use of a standard 

Orsat apparatus to analyse the gas stream emerging from 

the solution of sodium iodide i n acetone used to estimate 

the phosgene. Attempts to remove the entrained acetone 

f a i l e d but i t was found not to in t e r f e r e with the gas 

ana l y s i s . No d i r e c t f i g u r e s were obtained for the 

halogen hydracids and t r i c h l o r o a c e t y l halides. but 

estimates were made by comparison of the r e s u l t s of a l l 

three experiments. 

In order that the r e l i a b i l i t y and mode of expression 

of the r e s u l t s given may be more e a s i l y understood, a 

short description of the three types of experiment 

f i n a l l y adopted w i l l be given. 

In a l l experiments the reaction occurred i n metal 

apparatus from which the products passed through a water 

cooled condenser. (See diag. 1 ) . 
i 
Type A. The active components were removed by an 
alk a l i n e sulphite scrubber from which the resultan t gas 
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stream was dried and passed through traps cooled i n 
ethanol/Drikold and l i q u i d oxygen. 
Type B. The reaction products were passed through 
benzene,: over potassium fl u o r i d e , antimony metal and 
then into sodium iodide dissolved i n dry acetone.. 
The iodine l i b e r a t e d according;.to the equation 

" C0X 2 + 2S&L 3> CO + I 2 + 2N.aX 

being estimated by t i t r a t i o n with sodium thiosulphate 

solution. The gas stream was analysed by means of 

an Orsat apparatus for carbon dioxide, oxygen and 

carbon monoxide. 

Type C. The reaction products were passed into a 

solution of sodium iodide i n dry acetone and the 

iodine estimated as before. I n experiments of 

types B and C some of the iodine containing solutions 

had t h e i r fluoride content estimated. 

The previous r e s u l t s have been ca l c u l a t e d on. th\e 

assumption that 

a. Wo subst i t u t i o n of the CCl^- group occurs; i n 

the GCl^COOH p r i o r to i t s decomposition. 

b. There was a n e g l i g i b l e amount of carbonyl halides: 

i n the acid residues i n the reaction v e s s e l s . 
c. The halogenated ethanes were confined - to the 

metal apparator before the r e f l u x dondenser 
and that none of the more fluorinated ethanes 
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were present i n the l i q u i d i n the cooled traps, 
d. Mo carbon containing compounds; were: c a r r i e d out 

on the stream. 
Attempts were made to j u s t i f y these conclusions, by 
performing the following experiments. 

_a and b An experiment of type A was c a r r i e d out 

for three hours at 100°. A sample of the r e s i d u a l a c i d 

was converted to the methyl ester by a method designed 

not to lose low boili n g compounds. Chromatographic, 

an a l y s i s of these e s t e r s showed only the presence of 

dimethyl carbonate and methyl tric h l o r o a c e t a t e . This; 

experiment also yielded information about the rate of forma

t i o n of the halogenated methanes. 

c Samples of halogenated methanes from th@ 

cooled traps were chromatographed for periods much i n 

excess of those required to e l u t e carbon t e t r a c h l o r i d e 

but no further peaks occurred i n the chromatogram showing 

the absence of other compounds. This was also apparent 

from the f a c t that during a n a l y s i s the weights of 

detected components gave a reasonable value for the 

density of the sample, which would not be the case i f a 

component was omitted. 

d Samples of the e x i t gases were analysed by gas 
chromatography and found not to give peaks. Hence low 
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b o i l i n g halogenated methanes, i n p a r t i c u l a r carbon 
t e t r a f l u o r i d e , were no.t being l o s t . 

The r e s u l t s given i n table I are the r e s u l t s of 

types B and C give the v a r i a t i o n of the rate of 

production of some of the products with time, 

(diags. 2,: 3 and 4 ) . The rate of production of 

carbon dioxide was found to pass through two maxima.. 

When the reaction was c a r r i e d out i n a lar g e r single 

reaction v e s s e l the rate of production of carbon 

dioxide rose i n i t i a l l y and then slowly decreased*' 



DIAGRAM ,» 
Variation of rate of production of CQo with time 

C1P, and CC1,C00H at 100 

s 2 6 
GIF, and gCljCOOH 

at 80 

F4 
5 5 g 

C1P, and Ggl^GOCl 
at 100 

P I o m 5 2 
and CC1,C00H at 100 C1P 5 i n single reaction v e s s e l 

1 2 5 

V 7' Time 9 Tri Mhours * 
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DIAGRAM 5 

Variation of rate of production of phosgenes with time 

2" 

2-. 

21 

1-

G1P5 and CCl^COOH at 1001 

TT— c r -Q- o o i s r i f 

C1P 5 and CCl^COOH at 80 l 

-e a. 

^ r 

C1P 5 and CC15C0C1 at 100' 

-e e- ^ o o j o o ^ 

GIF, and CCUCOOH at 100 in a single reaction 
v e s s e l 

~7" 4 Time 9* in 10 hours 



DIAGRAM 44 

Variation of rate of production of halogens and 
phosgenes with time " 

C1F, and CCJ,COOH 
at 100 

I t s 
C1P 5 and gCl 3C00H 

at 80 

t t 
o 0 v a-^o 

C1P 5 and CCljCOCl at 100° 

1 21 Time 3 i n \ hours S ^~?> 
Variation of rate of production of- halogens with time 

C1P 3 and Cgl,C00H at 100 

i i t 5 
CIP^ and CCl^COOH 

at 80 

8 0 o 
i 6 5 

C1P 3 and Cgl,C0Cl 
at 100 

zTime % i n 4* hours i 
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Products of reaction from 0.62 mole acid (or acid chloride) and 0.31 mole of C1F*. 

Product Acid at 100° Acid at 80° Acid halide at 100° Acid at 100° (50$ reaction) 
-g. mole g. mole g. mole g. mole 

0 2 O 1 6 6.5 0.028 16.8 0.070 j 2.5. 0.011 14.8 . 0.062 
GGlk 19.2 0.13 11.2 0.075 1.5, 0.0098 4.9 0.032 
CC1 3F 6.1 0.045 7.7 0.056 6.9_ 0.050 1.6 0.011 
CG12P2 1.8 0.015 0.2 0.0©15 \ 0.1 .. 0.00083 0.3 0.0025 
OCIP 3 4.9 0.046 0.1 0.00096 ; 0.1, 0.00096 ; 0.2 . 0.0019 
c o 2 14.5 0.33 22.3 0.5^ ; 5.1 „ 0.12 6.7 0.15 

°2 0.2 0.0047 0.1 0.0032 0.1 . 0.0031 0.1 0.0031 
00 0.3 0.0011 2.3 0.0083 , - M l - 0.2 0.0071 
001,0001 mm 0.5 0.0027 

76.5 * 
0.4 0.0022 

76.5 * 
C01300F - mm •• 2.0 0.012 - 1.5 0.0091 
OCl^OOOH 11.0 0.067 1.0 0.0062 mm - 40.3 0.25 
OOXg containing 

1 

00 2.3 0.084 3.7 0.13 0.5 0.019 0.7 0.026 
01 2.6 0.073 6.5 0.18 0.8 0.023 0.8 0.023 F 1.8 0.095 1.6 0.84 ; 0.3 . 0.015 0.6 0.029 

Halogen containing 
01 14.7 0.41 5.9 0.17 i 26.G . 0.73 3.7 0.105 

3.3 0.17 3.0 0.16 | 2.9 0.15 0.7 0.037 
CCiyJOX & HX containing 

01 8.2 0.23 9.1 0.25 6.2 , 0.18 4.5 0.13 
F 7.2 0.39 9.8 0.52 ; 4.6 - 0.24 6.4 0.34 



MECHANISM OF REACTION 
91. 

T r i c h l o r a c e t i c acid 

The action of chlorine t r i f l u o r i d e on t r i c h l o r o 

a c e t i c acid h a s been shown to produce a v a r i e t y of 

productso. Carbon dioxide occurred i n the greatest 

amount with.smaller .quantities of halogenated methanes 

(mostly carbon t e t r a c h l o r i d e ) and carbonyl halides while 

traces of hexachloroethane, carbon monoxide, oxygen 

and a c i d h a l i d e s were detected. The hydrogen of the 

carboxyl group was assumed to be evolved as halogen 

hydracid. 

Taking into account the s i m i l a r i t y between the 

products obtained i n t h i s reaction and those products, 

obtained i n other reactions proceeding by f r e e r a d i c a l 

mechanisms (TablelUE), a free r a d i c a l mechanism is: 

proposed for t h i s reaction. This- i s supported by 

the i s o l a t i o n of hexachloroethane, whoise presence can 

be most r e a d i l y accounted for by such a mechanism. 

Although only traces of acid halides were 

detected at the end of the reaction i t i s . possible 

that quite large amounts were present during the 

process, but that during the period i n which a l l traces-

of chlorine t r i f l u o r i d e were blown out with N 0 gas 
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they,., e s p e c i a l l y the more v o l a t i l e f l u o r i d e , were; 
c a r r i e d out of the reaction vessels.. The more 

reactive acid fluoride. 1 would also be speedily removed 

by reaction. I t i s thus possible that the acid 

halide might be an intermediate i n the reaction. 
19 

Cady and Kellog , by the action of fluorine on 

t r i f l u o r o a c e t i c acid,have prepared t r i f l u o r o a c e t y l 

hypofluorite. I t i s possible that analogous 

hypohalites; might take part i n the present reaction. 

Bearing i n mind the unstable nature of t r i f l u o r o a c e t y l 

hypofluorite i t i s no/t expected that, at the temperature 

of the experiment, the suggested t r i c h l o r a c e t y l 

hypohalite would e x i s t for long periods or would be 

isolated.. 

The free r a d i c a l s necessary to i n i t i a t e the 

process probably came from the chlorine t r i f l u o r i d e . 

Tafttier 1 suggests that chlorine .tr.ifluoride s p l i t s 

as below 

C1P-. > 2P* + C1F. 

but since the present work throws no further l i g h t 

on the subject we w i l l merely assume that chlorine 

t r i f l u o r i d e furnishes, f l u o r i n e and chlorine atoms. 

An a l t e r n a t i v e source of free r a d i c a l s i s from the 

suggested t r i c h l o r o a c e t y l hypohalite 
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1. CC1-.C00H + X. > CC1-C00X + HX 
5 2 3 

2. c c i 5 c o o x * CCl3COO' + X* 

However the attack of halogen atoms on the aci d would 

probably be as follows 

3. CCljCOOH + X' > CCl^COO- + HX 

so i f e i t h e r , or a combination,, of the above mechanisms 

operates the r e s u l t i s the formation of CCljCOO* and 

X* r a d i c a l s and HX. 

The rapid production of large amounts of carbon 

dioxide i s almost c e r t a i n l y due to reaction or 

decomposition of the CGl^COO* r a d i c a l . Several possible 

mechanisms are given below. 

4. C01-000- e c i , « + C0 o 

3 3 2 
5. CC^COO' + x 2 * c c i 3 x + CO^ + X' 
6.. CCI^COO' + X- 3» CCl^X + c o 2 

The decomposition of CH^COO' i n analogous, manner to 
20 

reaction 4 i s not observed! i n the gas phase' but methyl 

r a d i c a l s have been detected i n the liquid, phase 

decomposition of a c e t i c acid. I n the l i q u i d phase the 
21 

reunion of two r a d i c a l s has a low probability so* that, 

reaction 6 should occur only to a limited extent. 

Thus the i n i t i a l formation of carbon dioxide i s probably 

due to reactions 4 and/or 5.. The action of chlorine 
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t r i f l u o r i d e on t r i c h l o r o a c e t y l chloride also produces; 
carbon dioxide and therefore t h i s source must be 
considered. The mechanism of the production of carbon 
dioxide from the a c i d chloride w i l l be dealt with 
later.. 

The carbonyl h a l i d e s can be formed by one of two 

sets of reactions 

a) From carbon monoxide and halogen atoms and 
22 

molecules according to the Bodenstein mechanism. 

7. CO + X" *• 'COX 

8a. -COX + X 2 C0X 2 + X« 

8 b. COX- + X» > C0> + X 2 

but the reaction 9 i s doubtful i n the l i q u i d phase 

reaction. 

b;) By oxidation of the C C l ^ r a d i c a l by the oxygen 

known to be present i n very small amounts. 

9. . CC1 5* + 0 2 * C0C1 2 + -0C1 

To furnish the required carbon monoxide and t r i c h l o r -

methyl r a d i c a l s a t r i c h l o r a c e t y l r a d i c a l i s the most 

probable precursor. This r a d i c a l can originate i n 

several ways 

10. ai- From the acid halide 

10. b) CC1,C00- > CC1_C0> + 0« 

The dichlorodifluoromethane and c h l o r o t r i f l u o r o -



95. 
methane are e a s i l y explained as being derived from the 
other halogenated methanes. 

21. a) CC1 4 + F* s> CCljP + G,l» 

b) 001^+ F - > CG1 2F 2 + CI-

c) C G l g P 2 + F» > CC1P 5 + CI-

or even from the hexachloroethane. 

22 a 0 CC1JJCI- + F> * CG1,F + CGI • 
3 3 3 3 

The required CCl^ and CCl^F can be formed as below 

2.2 b. CC.l^' + X 2 > C.C15X + X* 

Thus,- by a series: of reactions, many of which have; 

b:een accepted as parts; of the. mechanism of other 

reactions most of the reaction products have been 

accounted for. 

Trichloroaoetyl chloride; 

The same reaation products were obtained but i n 

s l i g h t l y d i f f e r e n t proportions and because of t h i s and 

the diff e r e n t oxygens content of the t r i c h l o r a c e t y l 

chloride a l t e r n a t i v e reaction mechanisms must be 

postulated. The i n i t i a l evolution of large quantities 

of chlorine and l i t t l e e l s e indicate we have the forma

tio n of the acid f l u o r i d e 

2001^0001 + C1F 3 > 2CC1 3C0F + 2G1 2 

The r a d i c a l mechanism 

CCl^COCl. + F- > CC1 5C0- + FC1 

i s ruled as i t would y i e l d the active t r i c h l o r o a c e t y l 
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r a d i c a l and there would be much more fluorine i n the 
ex i t gases i n the early stages. When the concentration 
of the acid f l u o r i d e i s s u f f i c i e n t l y large i n the acid 
chloride (which acts as diluent, to moderate the vigorous 
reaction between chlorine t r i f l u o r i d e and the acid 
f l u o r i d e 1 ) reaction s e t s i n . The i n i t i a l reaction 
below i s postulated 

12. CC1 3C0P?+X» CCljCO* + FX 

The t r i c h l o r o a c e t y l r a d i c a l can then react as below 

13. CG15C0* + X 2 * CCljX + GO + X* 

14.. 2CG13C0* * C 2 C 1 6 + 2 ( 3 0 

(Reaction 14 only to a very small extent since l i t t l e 

hexachloroethane was i s o l a t e d i n the reaction between 

chlorine t r i f l u o r i d e and t r i c h l o r o a c e t y l c h l o r i d e ) . 

The lack of even tr a c e s of carbon monoxide i n the 

e x i t gases must be attributed to the presence there 

of much halogen, and the formation of one halogen atom 

per molecule of carbon monoxide formed. 

Tanner^" suggested a different mechanism 

15. CC1 5C0F + X. ^ CC^- + COFX 

This followed by 

2CC13**+ M > C 2 C 1 6 ° + 

(to a very small extent) 
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cony + x 2 » c c i 5 x + x* 

would equally w e l l explain the observed f a c t s . 

T h^e remain to be explained, i n the case of the. 

acid chloride, the presence of oxygen and carbon 

dioxide and i n the case of the aci d , the presence of 

the a c i d h a l i d e s and of oxygen. The more obvious; route 

for the formation of the acid halide from the acid 

1. & 2., or 3. CC^COOH S» CC^COO* 

10b. CCI^COO* > CC1 5C0' + 0' 

16a. CC13C0- +-X-- > CC^COX + X* 

b. CC1,C0' + X» ^ CCl^COX 
3 3 

i s not possible as the a l t e r n a t i v e reaction 

CC15G0' + x 2 > CC1 5X + CO: + x* 

24 
occurs. while 16b i s very u n l i k e l y to take place to 
any appreciable extent i n view of the improbability of 

21 
two r a d i c a l s meeting. Hence the acid halide must 

come d i r e c t l y from the acid 

e.g. 17. CCljCOOH + X» > CCl^OX + #0H 

or as suggested by Tanner.^ 

18. CC15C00H + X 2 — > CC15C0C1 + HX * 0-

The hydroxyl and oxygen r a d i c a l can then produce mol.ecialar-
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oxygen as below 
19. 0- +0* + M ? 0 2 + M 

20. «0H + X 2 > 0* + HX + X» 
25 

The oxygen atoms can also be removed by the reaction 
25. CX 4 + 0' > C0X 2 + X 2 

This i s also an a l t e r n a t i v e route to the phosgene. 

The production of carbon dioxide from the acid chloride 

( v i a the acid f l u o r i d e ) i s very d i f f i c u l t to account 

f o r and the following reactions are highly speculative. 

They are not considered to be the only reaction 

mechanisms i f they are even possible. 

26. CClyX). + CCljCOCl > CCljCO-CO-CCl^ + Cl» 

The (CCl^COOrj being immediately attacked by halogen 

atoms or r a d i c a l s . 

27a. CCl^CO-CO-CCl^ + X 2 > OCl^X + C2C1^X + C0 2 

b. CCl 5CO-CO-CCl 3 + X» > C C l j ' + C 2C1 5X + CQg 

and the GgCljX then being completely halogenatedi 

28. C 2C1 3X + X 2 > C 2G1 3X 3 

An a l t e r n a t i v e route can involve the oxygen atom or 

hypofluorite r a d i c a l . 

29. CC1 3C0P + X* >• C 2C1 3X + -OP 

30. *0F +cci 3 eo'F- ?• CC1 3P + c o 2 + F« 

or the hypofluorite r a d i c a l can. give atomic oxygen 

31. L*0F + X 2 • XF + X* + 0.. 
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which could e a s i l y react as below 

32. CC^COF + O CC1 5P + C0 2 

Thus the above mechanisms can explain a l l the. products 

obtained. The two maxima i n the rate of production 

of carbon dioxide when the experiment was c a r r i e d out 

i n the two reaction v e s s e l s can be explained as follows,. 

The i n i t i a l reaction occurs i n the f i r s t v e s s e l where 

acid h a l i d e s are formed which d i s t i l over into the. 

second v e s s e l , carrying some aci d with them,, where 

they are retained by the r e f l u x condenser. As the 

reaction proceeds the amount of organic material 

i n the f i r s t v e s s e l decreases, both by reaction and 

d i s t i l l a t i o n and the r a d i c a l s have a smaller chance 

of meeting molecules with which they can react but 

there i s a larger chance now of recombination and a-

l e s s e f f i c i e n t use of r a d i c a l s formed, leading to a 

d rop i n the rate of production of carbon dioxide* 

When the centre of reaction i s transferred, to the 

second reaction v e s s e l the same cycle of events takes 

place. 

There was always found ( i n the reaction involving 

the acid) a quantity of hexachloroethane i n the f i r s t 

reaction v e s s e l . This would react '. with chlorine 
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t r i f l u o r i d e to give some chlorofluorinated ethanes and, 
by f i s s i o n of the carbon bond halogenated methanes. 
The accounts for the i s o l a t i o n of l e s s halogenated 
ethanes after 6 hours reaction than after 3 hours 
reaction. 
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POSSIBLE REACTION ROUTES 

CC1,C0 GO 

10b 13 & Ik CC1 GG1,C00 

00; ,cca,x 
7 4 8a 21 

1,2 & 3 COX «O I 2 P 2 

CG1,C00H CC1F 

17 & 18 

GIF 
GCUC0C1 » GC1,C0F 
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GAS CHROMATOGRAPHY 103 

The application of t h i s technique to the present problem 
can be divided into two parts. 

(a) The estimation of carbon tetrachloride i n the 
mixtures of halogenated methanes and the separation of 
methyl esters of t r i h a l o a c e t i c acids were carried out 
using the semi-micro apparatus as described i n the f i r s t 
part of t h i s t h e s i s , (pages 33-42). The conditions 
and packing were suitably modified to obtain a 
reasonable separation. 

(Esters - 'dinonyl' phthalate (4 parts) on C e l i t e 
545 (10 parts) 126°» pressure 18 cms., Ng 
flowrate 34 ml./nin. 

CCl^ 'dinonyl• phthalate (as above) 60°, pressure 
37 cm., N 2 flowrate 30 ml./min.) 

(b) The chromatography of the gaseous halogenated 
methanes required a modified apparatus (Diag. 7 )• The 
nitrogen was passed through a d r i e r , surge tank and 
manometer as before and then through the f i r s t arm of the 
detector. From here the nitrogen passed through the 
gas pipette and into the column, packed with 
di-n-butyl phthalate (4 parts) on Cel i t e 545 (10 p a r t s ) . 
The emergent mixture of nitrogen and vapours passed through 
the second arm of the detector and out to the atmosphere 
v i a a cold trap, flowmeter and drying tube. 
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DIAGRAM 5 
Chromatograms_for the separation of halogenated 
methanes at ~2Q " 

Ca l i b r a t i o n 

c c i 2 P 2 C1,F 

Gaseous sample of i n e r t s 

"ifc : 2t5 
Liquid sample of i n e r t s 

lb Time^in^min. 2tT 
Chromatograms for the separation of halogenated 
methanes at 60 

Authentic CC1, 

IT 

Unknown mixture 

JU iS Time i n min. 
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PI AG RAM 6 

Chromatograms f o r the s e p a r a t i o n o f the methyl 
e s t e r s of t r i h a l o a c e t i c a cids and connected compounds 

Mi x t u r e of methyl e s t e r s prepared 
from r e a c t i o n residue 

Dimethyl 
carbonate 

Methyl 
t r i c h l o r o a c e t a t e 

1 . 

10 0 

Authentic methyl t r i c h l o r o a c e t a t e 

A u t h e n t i c d i m e t h y l carbonate 

if 10 

Authentic methanol 

To" 

Authentic methyl t r i f l u o r o a c e t a t e 

10~ Time i n min. 20 
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DIAGRAM 8 
Gas p i p e t t e (1/4 f u l l s i z e ) 

C a l i b r a t e d p o r t i o n 
(8.09 ml.) 

B7 

7 Column To vacuum 
apparatus 

f2 

Vacuum apparatus (1/10 f u l l aize) 

i.'.cl.eod f8uge 
f i t s i n here 

To manometer 
4> 

14 To gas B14 p i p e t t e 

Bulb b. 
To 2nd / I I bulb Hulb a. 1 r 

bulbs 
CC1? CC1„F„ CC1,F To cold t r a p 

and pump. 
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The gas p i p e t t e was connected t o a vacuum system i n 

which pure samples of halogenated methanes and the unknown 
mixtures could "be handled. 
Method of operation 

The condensed sample of halogenated methanes produced 
i n the r e a c t i o n was allowed t o warm up t o room 
temperature and pressure and the gas produced allowed t o 
leave the t r a p p i n g system (Diag 10 ) "by tap 8 and was 
c o l l e c t e d i n a r e s e r v o i r of s i m i l a r c o n s t r u c t i o n t o those 
i n Diag, Ml, r e j e c t i n g the i n i t i a l p o r t i o n used t o 
remove a i r from the connecting tubes. The removable 
bulb of the vacuum apparatus (bulb a* Diag 8 ) was f i l l e d 
w i t h the gas and then attached t o the vacuum apparatus. 
The apparatus ( i n c l u d i n g the c a l i b r a t e d p o r t i o n of the 
gas p i p e t t e , which had taps 2, 3 & 4 open and taps 1 & 5 
closed) was evacuated and then the pump and i t s 
p r o t e c t i n g c o l d t r a p sealed o f f from the vacuum system. 
Tap 6 was closed and tap 7 opened and the.sample condensed 
onto Anhydrone i n bulb b t o remove any water present. The 
sample was then allowed t o warm up and expand i n t o the gas 
p i p e t t e t o a known pressure through -:t-ftp 6 which was now 
opened. Tap 2 was closed, the gas pumped out of the space 
between taps 2, 3 & 5 and then tap 3 closed. 

The chromatography apparatus having p r e v i o u s l y been 
allowed t o come i n t o e q u i l i b r i u m (Column temperature 20°, 
No f l o w r a t e 33 ml/fain, e n t r y press, atmospheric Hp 10 cm.) 
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w i t h the n i t r o g e n f l o w i n g through tap 4 a l l t h a t remained 
was t o introduce the sample wi t h o u t d i s t u r b i n g the 
e q u i l i b r i u m . To accomplish t h i s the tap 5 was opened 
(causing a d e f l e c t i o n of the galvanometer) and a f t e r a 
few minutes tap 2 was opened momentarily t o b r i n g the 
pressure of the c a l i b r a t e d p o r t i o n of the p i p e t t e t o 
t h a t of the streanu When a l l was again i n 
e q u i l i b r i u m the sample was blown i n t o the column by 
opening tap 2 and then i n one movement opening tap 1 
and s h u t t i n g tap 4. The gas stream now passed through 
taps 5, 2 & lo 

The c a l i b r a t i o n of the apparatus was c a r r i e d out 
i n a s i m i l a r f a s h i o n , using pure samples of CCl^F, 
CClgS'g and CC1]P3# The e s t i m a t i o n of these gases when 
diss o l v e d i n the CCl^ produced i n the r e a c t i o n •was 
c a r r i e d out by i n j e c t i n g a known volume of s o l u t i o n 
c o n t a i n i n g them through the serum cap onto the column 
i n the normal .way. 



ANALYSIS 
110 

E s t i m a t i o n of c h l o r i d e 
Daring these experiments i t f r e q u e n t l y became 

necessary t o determine the amount of c h l o r i d e i o n 
present i n s o l u t i o n s of v a r y i n g o r i g i n ( f r o m the 
a l k a l i n e s u l p h i t e scrubber, s o l u t i o n s of the 
t r i c h l o r o a c e t i c a c i d i n t h e r e a c t i o n vessels, s o l u t i o n s 
of sodium h a l i d e s p r e c i p i t a t e d i n the d e t e r m i n a t i o n of 
COXg and Xg), u s u a l l y c o n t a i n i n g a l a r g e excess of 
other s o l u t e s . On t h i s account a d s o r p t i o n 
i n d i c a t o r s d i d n o t seem an a t t r a c t i v e p r o p o s i t i o n and 
i n view o f t h e e r r o r s p o s s i b l e i n other measurements 
(e.g. the C l F j could o n l y be measured t o j i g . , 
i . e . + 3%) i t was not considered necessary or 
de s i r a b l e t o produce an elab o r a t e method of a n a l y s i s . 
The e s t i m a t i o n o f c h l o r i d e by t i t r a t i o n w i t h s i l v e r 
n i t r a t e s o l u t i o n i n n e u t r a l s o l u t i o n w i t h potassium 
chromate as i n d i c a t o r proved e n t i r e l y s a t i s f a c t o r y . 

Reagents AgNOj 0.01 N 
KgCrO^ 2 g./lOO ml. aq. s o l u t i o n 

NaOH and HNOj 2N, 0.1N and 0.02N 
CaCOj Analar. 

So l u t i o n s c o n t a i n i n g s u l p h i t e were heated t o 
b o i l i n g w i t h excess concentrated n i t r i c acid t o remove 
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the s u l p h i t e as S0 2 or by o x i d a t i o n t o sulphate. The 
s o l u t i o n was cooled and then t r e a t e d i n t h e same 
manner as those of other o r i g i n . The s o l u t i o n was 
n e u t r a l i s e d , u s i n g phenol p h t h a l e i n as i n d i c a t o r 
w i t h p r o g r e s s i v e l y more d i l u t e acids and a l k a l i s . 
(An a l t e r n a t i v e procedure i s t o add a c i d , i f necessary, 
and excess calcium carbonate). The e s t i m a t i o n was 
then c a r r i e d out by t i t r a t i n g the c h l o r i d e w i t h s i l v e r 
n i t r a t e u s i n g potassium chromate s o l u t i o n as i n d i c a t o r . 
( 1 ml.) The si z e of th e a l i q u o t was so chosen t h a t 
a t i t r e of 5 t o 50 ml. i n a f i n a l volume o f 50-150 ml. 
was obtained. 
E s t i m a t i o n of f l u o r i d e 

As i n t h e e s t i m a t i o n o f c h l o r i d e v a rious s o l u t i o n s 
had t o be analysed f o r f l u o r i d e . The t i t r a t i o n w i t h 
t horium n i t r a t e i n a b u f f e r e d s o l u t i o n , u s i n g sodium 
a l i z a r i n sulphonate as i n d i c a t o r was s u i t a b l e f o r 
the s i m p l e r s o l u t i o n s but the s o l u t i o n from the 
a l k a l i n e s u l p h i t e scrubbiir produced poor end p o i n t s . 
The spread of th e end p o i n t was caused by the presence 
of sulphate as was demonstrated by performing the 
t i t r a t i o n s i n the presence o f sulphate. As sulphate 
i s formed i n the process of absorbing halogen 

X 2 + Wa 2S0 5 + 2NaOH ?• Na 2S0 4 + 2NaX + H 20 
l i t t l e could be done t o b e t t e r t h i s d e fect and i t 
was considered s u f f i c i e n t t o acknowledge t h a t an 
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e r r o r o f + 10$ might be present i n the f i g u r e s f o r 
f l u o r i d e determinations. 

Reagents ThCNOj)^ 0.05N 
B u f f e r s o l u t i o n 2 g. NaOH 9.448 g. 

CH2C1C00H i n 100 ml. 
of s o l u t i o n 

Sodium a l i z a r i n 0.05 $ aq. s o l u t i o n 
sulphonate 

NaOH^HNOj 2N, 0.1N & 0.02N 
s o l u t i o n s 

The sample ( i f c o n t a i n i n g s u l p h i t e ) was heated" t o 
b o i l i n g w i t h excess cone, n i t r i c a c i d . A f t e r c o o l i n g 
sodium a l i z a r i n sulphonate was added and the s o l u t i o n 
made n e u t r a l . The b u f f e r s o l u t i o n ( 2 ml./lOO ml. 
of s o l u t i o n ) was added and the t i t r a t i o n c a r r i e d out 
w i t h thorium n i t r a t e s o l u t i o n . F u r t h e r n e u t r a l samples 
were prepared and b u f f e r added. Enough thorium 
n i t r a t e s o l u t i o n was added t o p r e c i p i t a t e most of the 
f l u o r i d e , the p r e c i p i t a t e was f i l t e r e d o f f and the 
t i t r a t i o n completed on the f i l t r a t e . 
E s t i m a t i o n o f carbon d i o x i d e 

I n order to check the amounts o f carbon d i o x i d e 
c a l c u l a t e d from t h e gas analyses conducted i n the Orsat 
apparatus the sodium carbonate present i n the s o l u t i o n 
from the a l k a l i n e s u l p h i t e scrubber was decomposed 
by a c i d t o give carbon d i o x i d e which was measured ias 
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a gas. 

A sample of the s o l u t i o n c o n t a i n i n g the sodium 
carbonate (5 ml.) was placed i n a f l a s k w i t h sodium 
c h l o r i d e ( t o reduce the s o l u b i l i t y of t h e carbon 
d i o x i d e ) , sodium hydroxide ( i g.) and i o d i n e (2 g . ) , 
t o o x i d i s e the s u l p h i t e according t o the equation 

SO* + 20H" + I 2 > SO^ + H 20 +• 2 I -

Concentrated h y d r o c h l o r i c a c i d was added i n a separate 
c o n t a i n e r and t h e f l a s k attached t o a gas b u r e t t e . 
When steady c o n d i t i o n s were obtained the concentrated 
a c i d was t i p p e d i n t o the a l k a l i n e s o l u t i o n and the 
l i b e r a t e d carbon d i o x i d e measured a f t e r c o n d i t i o n s 
were agai.n steady. A blank experiment was c a r r i e d 
out t o al l o w f o r the carbon d i o x i d e i n the o r i g i n a l 
a l k a l i n e s u l p h i t e s o l u t i o n . 
E s t i m a t i o n of t r i c h l o r o a c e t i c a c i d 

The a l k a l i n e s u l p h i t e s o l u t i o n s could e a s i l y 
c o n t a i n sodium t r i c h i o r o a c e t a t e c a r r i e d over as the 
ac i d h a l i d e and se v e r a l attempts were made t o o b t a i n 
the f r e e a c i d . Samples of the scrubbing s o l u t i o n 
were made a c i d w i t h h y d r o c h l o r i c acid ( n i t r i c and 
s u l p h u r i c acids would be e x t r a c t e d a t a l a t e r stage 
and are d i f f i c u l t t o remove) the S0 2 b o i l e d o f f and 
the s o l u t i o n , s a t u r a t e d w i t h sodium c h l o r i d e , 
c o n t i n u o u s l y e t h e r e x t r a c t e d . N e g l i g i b l e amounts 
of a c i d were obtained from the ethe r e x t r a c t . 



Attempts t o i s o l a t e the S-benzyl thiuronium27 
s a l t were more s u c c e s s f u l and the presence o f 
t r i c h l o r o a c e t i c a c i d was c l e a r l y demonstrated (m.p. 
of S-benzyl t h i u r o n i u m s a l t 149°C. mixed m e l t i n g 
p o i n t w i t h a u t h e n t i c specimen 149°C) but attempts 
t o make the method q u a n t i t a t i v e were not s u c c e s s f u l . 
I n s p i t e of attempts t o reduce the s o l u b i l i t y of the 
p a r t l y s a t u r a t e d w i t h sodium c h l o r i d e the r e s u l t s 
were not r e p r o d u c i b l e . Consequently attempts t o 
estimate t r i c h l o r o a c e t i c a c i d were abandoned. 
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ACTION OF CHLORINE ON SOME HYDROCARBONS 

Ch l o r i n e , d i l u t e d w i t h n i t r o g e n was passed through 

bubblers o f the l i q u i d (2 x 12.,5 ml.) or over the 

s o l i d hydrocarbon packed i n a gl a s s tube (50 cm. x 

1.5 cm. I.D.). The emergent c h l o r i n e was passed i n t o 

N. aqueous potassium i o d i d e s o l u t i o n and the l i b e r a t e d 

i o d i n e t i t r a t e d w i t h sodium t h i o s u l p h a t e s s o l u t i o n . . 

P a r a f f i n wax (cubes o f £ cm. edge) absorbed the l e a s t 

(25$) f o l l o w e d by i s o p r o p y l e benzene (41#)„ 

naphthalene (cubes o f i cm. edge 84$) and benzene (86$). 

The amount absorbed was c a l c u l a t e d a f t e r steady values 

were obtained and takes no account of the amounts used 

to) produce s a t u r a t i o n o f the s o l u t i o n which took 

longer i n the case o f benzene and i s o p r o p y l benzene (6 mins.) 

than f o r naphthalene and p a r a f f i n wax ( 1 mi n . ) . The, 

amount o f c h l o r i n e i n s o l u t i o n was also estimated 

i o d o m e t r i c a l l y and found t o be very small i n comparison 

w i t h t h a t r e t a i n e d by any o f the absorbents. 

ACTION OP CHLORINE TRIFLUORIDE ON SOME HYDROCARBONS 

The c h l o r i n e t r i f l u o r i d e was d i l u t e d w i t h n i t r o g e n 

and passed, through bubblers o f the l i q u i d (2 x 12.5 ml. ) 

or through tubes (50 cm. x 1.5 cm. I.D.) packed w i t h 
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the s o l i d . P a r a f f i n wax (cubes o f £ cm. edge) would 

n o t remove c h l o r i n e t r i f l u o r i d e a t a r a t e o f £ g./hour 

when d i l u t e d w i t h n i t r o g e n (75 ml./min.). Cyclohexane 

would n o t remove c h l o r i n e t r i f l u o r i d e a t a r a t e o f 

1 g./hour when d i l u t e d w i t h n i t r o g e n (60' ml../min.). 

Doubling the amount of cyclohexane d i d not improve t h e 

r e s u l t s . Benzene d i d not remove c h l o r i n e t r i f l u o r i d e 

passed under t h e same c o n d i t i o n s as f o r cyclohexane. 

As the l i q u i d hydrocarbon became green during these, 

experiments and i n view o f the r e a c t i v e nature of 

c h l o r i n e t r i f l u o r i d e i t was thought t h a t the. emergent 

halogen ( d e t e c t e d by starch/potassium i o d i d e paper) 

was i n f a c t c h l o r i n e but no attempts were made at 

accurate a n a l y s i s . 

ACTION OF CHLORINE TRIffLUORIDE ON TRICHLOROACETIC 

ACID AND TRICHLOROACETYL CHLORIDE 

APPARATUS 

The apparatus can most e a s i l y be described i f i t i s 

d i v i d e d up i n t o s e c t i o n s , some o f which are common 

to s e v e r a l types o f experiment. 

A H metal s e c t i o n i n which r e a c t i o n occurs 

The c h l o r i n e t r i f l u o r i d e was passed through a 

flowmeter and mixed w i t h n i t r o g e n t h a t had been passed 
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through a copper furnace, and ovejr sodium' hydroxide 

p e l l e t s t o remove oxygen, carbon d i o x i d e and water. The 

mixed gases then passed through a s a f e t y t r a p i n t o the 

two r e a c t i o n vessels i n s e r i e s , the second of which was 

surmounted by a watereooled condenser. The r e a c t i o n 

products then passed i n t o the second s a f e t y t r a p and 

leave t h i s secjtion o f the apparatus. 

Experiment type A 

The r e a c t i o n products l e f t the second s a f e t y t r a p 

and passed, through a s t a i n l e s s s t e e l tube i n t o a s o l u t i o n , 

o f sodium hydroxide (140 g. 3.5 mole) and sodium s u l p h i t e 

(442 g. of the heptahydrate 1..73 mole) i n water ( t o make 

1 f;750 ml. of s o l u t i o n ) contained i n a 2L. three necked 

f l a s k equipped w i t h a mercjary seal s t i r r e r and l e a d f o r 

the unreacted gases. These were then l e a d over anhydrous 

calcium c h l o r i d e (tube 50 cm. x 1..5 cm. I.D.) and i n t o the 

t r a p p i n g system ( d i a g . io')• The incondensable gases 

were passed through a flowmeter and c o l l e c t e d i n an 

a s p i r a t o r . 

Experiment type B 

I n t h i s case the second s a f e t y t r a p was f i l l e d w i t h 

s o f t glass tubes t o prevent a t t a c k o f the g l a s s immediately 

a f t e r the g l a s s - t o - m e t a l connection by p r i o r removal 

of a l l substances l i a b l e t o a t t a c k glass. The r e a c t i o n 
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DIAGRAM ' 10 

Trapping system f o r halogenated methanes 
(1/5 f u l l s i z e ) 

#4=n=5? • 
To r e s e r v o i r 
f o r gaseous 
i n e r t s To gas 

r e s e r v o i r s 
and Orsat 

B29 ' 

The glass t o metal 
seal consisted of 
a Neoprene washer 
around a glass tube 
so t h a t i t came . 
between the n i p p l e 
and s e a t i n g of a 
p e t r o l union. 

Gases 
co n t a i n i n g 
i n e r t 
compounds 

This u n i t repeated 
three times 

Benzene bubblers 
(1/4 f u l l s i z e ) 

Glass to.Jmetal 
seal 

-B29 
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products were passed through benzene (2 x 12.5 ml.) i n 
bubblers (diag.l"o)» designed to f a c i l i t a t e speedy 
replacement of the glass-to-metal j o i n t and then over 
dry potassium fluoride ( i n tube 50 cm. x 1„5 cm. I.D.,). 
After passing over antimony metal (2-6 mm. diam.) i n 
a tube designed to prevent blockage (diag. U ) and over-
antimony metal powder on glass, wool (to ensure complete 
removal of halogen) the gas stream was lead into one 
of the bubblers containing the solution of sodium iodide 
i n acetone (diag.11 ) and from there to one of the two 
gas storage bulbs (diag. U ). 
Experiment type C 

The safety trap was prepared as f o r B. The 

reaction products were led into the'solution of sodium 

iadide i n acetone i n the bubbler and the e x i t gases; 

passed out of the apparatus v i a a flowmeter and 

calcium chloride tube.. 

PREPARATION OF REAGENTS: 

Tr i c h l o r o a c e t i c a c i d 

This was d i s t i l l e d under reduced pressure, 

r e j e c t i n g the i n i t i a l water containing d i s t i l l a t e . 
T r i c h l o r o a c e t y l chloride 

This was prepared according to the method of 
28: 

Rabcewicz et a l . T r i c h l o r o a c e t i c acid (420 g. 2.,6 mole) 
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and anhydrous zinc chloride (25 g.) as c a t a l y s t were 
heated to 150° i n a 1L. f l a s k equipped with dropping 
funnel and r e f l u x condenser. R e d i s t i l l e d benzotrichloride. 
(580 g. 2..96 mole) was added dropwise (40 min.) and heating 
continued, for a further 60. min.. when l i t t l e hydrogen 
chloride was being given off. The crude product was 
then d i s t i l l e d off up to 155° (480 g..). This was 
r e d i s t i l l e d to give pure t r i c h l o r o a c e t y l chloride 
(b.p. 117-120°' 326 g. 1-8 mole 70# y i e l d , eq. wt. by 
hyd r o l y s i s 90 .2 theory requires 90.9). 
Sodium iodide 

Heating at 184° for. 6 hours at 2..0 cm. pressure 

produced a s u f f i c i e n t l y dry sample. 

Potassium fluoride 

As for sodium iodide. 

Acetone 

This was d i s t i l l e d a f t e r standing over potassium 

permanganate and anhydrous magnesium sulphate. 

Benzene "• 

R e d i s t i l l e d from sodium wire. 

Antimony metal 

Oven dried at 110°. 

The displacing l i q u i d i n the gas storage bulbs and i n 

the Orsat apparatus was a mixture of. gl y c e r o l (500 ml.,), 



123. 
water (430 ml.) and cone,, sulphuric a c i d (70 ml.). 

METHOD OF OPERATION 

Experiment type A 

The clean dry apparatus was purged with Ng. The 

t r i c h l o r o a c e t i c a c i d ('or acid chloride) was weighed 

into the reaction v e s s e l s (80$ i n the f i r s t reaction 

v e s s e l ) , the a l k a l i n e sulphite solution was placed i n 

the f l a s k and the apparatus again purged with Ng. The 

cold traps were immersed i n ref r i g e r a n t and when e q u i l i 

brium was established chlorine t r i f l u o r i d e was admitted, 

diluted with Ng. The i n i t i a l chlorine t r i f l u o r i d e 

rate of 1 g../ho.ur was increased a f t e r 5 min. to 5 g./hour 

at which rate i t was maintained for 6 hours 9 The 

rate of flow of Ng was kept as low as was necessary to 

prevent blocking of the s t a i n l e s s s t e e l tube (8 m I.D.j 

leading into the a l k a l i n e sulphite scrubber (30 ml./min..)., 

At the end of the 6 hours the chlorine t r i f l u o r i d e 

cylinder was shut and passed f or ^-lhour; to ensure, 

complete removal of the v o l a t i l e products from the 

reaction v e s s e l s . The apparatus was then sealed off 

into various sections. The trapping system containing 

the halogenated methanes was dealt with as described i n 

the chromatography section. The a l k a l i n e sulphite 

scrubbing solution was made up to 2L. and aliquots used. 
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to determine the chloride,, f l u o r i d e , carbon dioxide and 
t r i c h l o r o a c e t i c acid as described i n the a n a l y t i c a l 
section. 

The contents of the reaction v e s s e l s were usu a l l y 

s o l i d . This s o l i d was melted out and dissolved i n 

water. The halogenated ethanes were f i l t e r e d off 

and the aqueous f i l t r a t e made up to a known volume 

i n order that the chloride and fluoride present might 

be determined. 

In experiments using the aci d chloride an 

ali q u o t of the l i q u i d remaining i n the reaction v e s s e l 

was placed i n a f l a s k equipped with dropping funnel and 

ethanol/Drikold r e f l u x condenser. Excess cone, sodium 

hydroxide solution was added, and the halogenated 

ethanes f i l t e r e d off as before and the f i l t r a t e made, 

up to a known volume. 

The connecting tubes, l i d s of reaction v e s s e l s 

and condenser were washed with methanol, and the 

halogenated ethanes so removed pre c i p i t a t e d by adding 

excess water to the methanol solution.. The gas i n 

the aspirators was analysed for oxygen and carbon 

monoxide.. 

Experiment type B 

The clean dry apparatus was purged with N 0» 
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The t r i c h l o r o a c e t i c a c i d (or acid chloride) was weighed 
into the reaction v e s s e l s and the apparatus again purged", 
with Ng. The solution of sodium iosdide i n dry acetone 
(saturated - about N. ) was placed i n the bubblers and 
when equilibrium was established! chlorine t r i f l u o r i d e 
was passed as i n the previous type of experiment. 

The gas stream, a f t e r removal of halogens and 

hydrogen fl u o r i d e , was passed for 30 min. through the 

ioidide solution. Forthe f i r s t 10 min. period of t h i s 

time the gases leaving the iodide solution were allowed', 

to leave the apparatus v i a a flowmeter. At the end of 

t h i s 10 min. period i t was assumed that the acetone was. 

saturated with carbon dioxdde etc., and f o r the next 

20 mins. the gases passing from the solution of sodium 

iodide i n acetone were c o l l e c t e d to be analysed l a t e r 

f o r carbon dioxide, oxygen and carbon monoxide i n an 

Orsat apparatus, using as adsorbents 30?& KOH solution,, 

a l k a l i n e pyrogallol and ammoniacal cuprous chloride. 

At the end of the 30 minutes the phosgene containing 

gas stream was diverted into the second sodium iodide 

i n acetone bubbler and the c o l l e c t i o n of the gas sample 

stopped. The previous cycle of operations was then 

repeated during the next and subsequent 30 min. 

i n t e r v a l s and i n t h i s way 12 gas samples and 12 solutions 
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containing iodine (equivalent to the phosgene absorbed) 

were obtained. The solution of sodium iodide i n 

acetone containing iodine was washed into a beaker with 

dry acetone and the iodine t i t r a t e d i n acid solution 

with 2N sodium thiosulphate solution. The bubbler 

was immediately r e f i l l e d with a fresh solution of 

sodium iodide i n acetone. The reaction v e s s e l s were, 

treated as for experiment type A. 

Experiment type C 

The apparatus was prepared and charged with 

t r i c h l o r o a c e t i c a c i d (or acid chloride) and solutions 

of sodium iodide i n acetone as for experiment type 

B. The iodide solution was changed, and the iodine 

t i t r a t e d every 30 minutes as above but no gas samples 

were col l e c t e d . The reaction v e s s e l s were treated as 

for experiment type A. The samples of iodide solution 

retained for fluoride determination were f i l t e r e d and 

the sodium chloride and fluor i d e (insoluble i n dry 

acetone) washed free of iodine and most of the sodium 

iodide with dry acetone. The sodium ha l i d e s were then 

dissolved i n water and fluoride determined as described* 

i n the a n a l y t i c a l section. 
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Action of C1F, on CC1,C00H at 100° 

Experiment type A 

CCljCOOH 
C I P 5 

Products 

105.5. g. 
35.0 g. 

(0.64 mole.) 
(0.38 mole.) 

The al k a l i n e sulphite scrubbing solution 
contained 

C I " 25.5 g. 

F" 11.9 g. 
CO, 18.2 g. 

(0.72 mole.) 
(0.63 mole.) 
(0.41 mole.) 

Halogen ated methanes 

cci 4 

CC1,F j 
CC1 2F 2 

ecu, 

19-2 g. 
6.1 g. 
1.8. g. 
4.9 g. 

(0.13 mole.) 
(0.045 mole.) 
(0.015 mole.) 
(0.046 mole.) 

Halogenated ethanes 
6.5 g. (CgClg containing a l i t t l e 

fluorinated material -
Recovered CC13C00H 11 g. 

Experiment type B 

106.5 g. 

0.028 mole.) 
(0.067 mole.) 

CC15C00H 

C1P* 26.5 g. 

(0.65 mole.) 

(0.29 mole.) 
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E£o ducts 

COXg 0..167 eq. as estimated according to 
the equation. 
COXg + 2NaI CO + NaX + Ig 

The approximate composition i s 

CO' 2.3 g, 
CI 2.6 g. 
P 1.8 g. 

These were recovered 1 g. of CgClg, 34 g.. of un-

reacted CCl^CCOH, containing 0.3 g- CI and 0.>2 g. P.= 

Analysis of the e x i t gases showed that they 
contained COg 12..8 g* 

0 2 0).15 g. 

CO1 2.3 g. (including that from COXg) 

There were formed 0.167 eq. COXg which i s equivalent 

to 2.4 g. CO i . e . actual CO produced i s 0.3 g... 

Experiment type C.. 

CC15C00H 101 g.. (0v38 mole.) 

C1F 3 35 g. (0..62 mole.) 
^rodue;ts_of _reaction 

COXg + Xg 0.736 equivalents containing 
approximately 
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CI 17.3 g. (0.49 mole.) 
P 4.7 g. (0.25 mole.) 

There were also recovered 
C 2Clg 3.5 g. (0.015 mole.) 

and unreacted CCljCOOH 16.5 g. (0.10"i mole.) 
Combining these r e s u l t s i t i s seen we have from 
105.5 g. of CCljCOOH and 35.0 g. of C1F 5 the 
following: 

Products 

Halogens 
containing 

Halogens as 
CC15C0X and HX 

c 2 ci 6 
6.5 g. (0.028 mole.) 

cci 4 19.2 £• (0.13 mole.) 
CCljF 6.1 g. (0.045 mole.) 
C C I 2 P 2 1.8 g. (0.015 mole.) 
CC1F 3 4.9 g. (0.046 mole.) 

s 
C co 
( 
( CI 

2.3 g. (0.084 mole*) 
s 
C co 
( 
( CI 

2.6 g. (0.073 mole.) 

[ p 1.8 g. (0.095 mole.) 

( CI 
( 
( p 

14.7 $' (0.41 mole.) ( CI 
( 
( p 3.3 g- (0.17. mole.) 

CI 8.2 g. (0.23 mole.) 

p 7.2 g. (0.39 mole.) 

C0 2 (from a l k a l i n e sulphite scrubber 
a f t e r correction for that from COXg) 

14.5 g. (0.33 mole.) 
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C0 2 (By gas analysis 17.2 g. (0.39 mole.)) 
0 2 0.2 g. (0.0047 mole.) 
CO 0.3 g. (0.0011 mole.) 

Action of CIF^ or CCl^COOH at 70-80° 
Experiment type A. 

Starting_Material : 

CCljGOOH 

C1F, 

100 g. (0.61 mole.) 

29 g. (0.31 mole.) 

Products 

The a l k a l i n e sulphite scrubbing solution 
contained 

CI" 21.5 g. (0.61 mole.) 
F~ 14.4 g. (0.76 mole.) 
COr, 28.0 g. (0.64 mole.) 

Halogenated methanes 

cci 4 

CC1 5F 
CClgFg 
CC1F, 

9*1 g. 
7.7 g. 
0.2 g. 
0.1 g. 

Halogenated ethanes 

(0.059 mole.) 
(0.056 mole.) 
(0JGD15 mole.) 
(0.0009 mole.) 

13.5 g. (CgClg containing a l i t t l e 
fluorinated material) (0.057 mole.) 
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The 1st. reaction v e s s e l contained the 
CgClg above but the second r e a c t i o n 
v e s s e l and 2nd safety trap contained a 
l i q u i d (about 18 g.) consisting of 
GC15C00H, CGljGOX and halogenated 
methanes and ethanes. This was 

analysed as follows. A known weight 

(3.3556 g.) was shaken with water and 

the acid t i t r a t e d with a l k a l i using 

phenol phthalein as indicator (31.76 ml. 

of 0.2110 N. NaOH 0.0670 eq.). The 

neutral organic l a y e r was washed and the 

aqueous solution and washing made up 

to 100 ml. and halogens estimated 

( C I " 00053 eq. F~ 0.00226 eq.). 

The organic l a y e r was dried (MgSO^) and 

d i s t i l l e d under a s t a t i c vacuum to give a 

l i q u i d (1.2940 g.). By sublimation and by 

ethanol extraction of the MgSO^, a s o l i d 

(CgClg 0.3836 g.) was obtainede 

These f a c t s are interpreted as follows. 
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The 3-3556 g. of mixture contain 

CCljOOF 

CCljCOCl 

CCl5COOH 

0.376 g. (0.00452 eq.) 

0.096 g. (0.00106 eq.) 

0.184 g. (0.00112 eq.) 

(Total acid 0.6670 eq.) 

C 2 X 6 

1.294 g. 

0.384 g. 

Total 2.334 g. 

The d e f i c i t of 1.022 i s attributed to los s 
of CX^ and C 2Xg i n the washing procedure. 
Accordingly t h i s amount i s added i n 
proportion to each of the values obtained 
for the amounts of CX^ and C 2Xg 
present. i . e . 

0.376 g. 
0.096 g. 
0.184 g. 

CX^ 1.294 + 0.788 ;» 2.082 g. 
C 2X 6 0.384 t 0.234 * 2.618 g. 

k sample of the CX^ when analysed by gas 

CC1 5C0F 
cei5coci 
CC15C00H 
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chromatography was shown to be mostly CC14 with 
negligible amounts of CClgP and CClgJ^. Tfte 
presence of carbonyl halides has been ignored but 
other experiments (Bee l a t e r ) showed that the 
amount of halogen present as carbonyl halides was 
negligible. 

Thus i n the 18 g. of l i q u i d we have 
CC14 11.2 g. 
CC13CGF 2.0" g,. 
cc i 3 c o c i 0.52 g. 
CC13C00H 0.99 g. 
C 2C1 6 3.3 g. 

E x i t gases Oxygen 
nee i n t h i s reaction we 
c c i 4 20.3 g. 
CCI3P 7.7 g. 

CClgPg 0.2 g. 
CCIP3 0.1 g. 
C02 30.0 g. 
CI" 21.5 g. 
3P~ 14.4 g. 
CC13CC(P 2.0 g. 

cc i 3 c o c i 0.5 g. 
CClgCOOH 1.0 g. 
c 2 c i 6 16.8 g. 

2 ge 
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Experiment type B. 
§tarting_Materials 

CC13C00H 
GIF, 

99.5 g. 
30.5 g. 

0 .61 mole. 
0.33 mole. 

Products 
COX 

w 2 
CO 

2 0.266 eq. of approximate composition 
CO 3.7 g. 0.13 mole. 
CI 6.5 g. 0.18 mole. 
F 1.6 g. 0.084 mole. 

Analysis of the e x i t gases showed that they 
contained 

C0 2 17.2 g. 
0.1 g. 
6.0 g. 

The 0.266 eq. of C0X 2 generated 
3.7 g. CO 

Therefore the actual CO produced i s 2.3 g. 
The 1st. reaction v e s s e l contained a s o l i d (CgClg) 
while the second contained a l i q u i d (15 g.) 
containing CC13C0X (.011 eq. CI", 0.013 eq. F") 
s i m i l a r to that of the previous experiment. 
From t h i s l i q u i d and other parts of the apparatus 
9.5 g. C 2 C 1 6 w e r e recovered. A more complete 
anal y s i s was not attempted. 

Experiment type C. 

CCI3COOH 102 g. (0.62 mole.) 
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ClF-j 34.5 g. (0.37 mole.) 

0.592 eq. of halogen as COXg and X2 was detected. 
The approximate composition was 

CI 12.4 g. (0.35 mole.) 
P 4.6 g. (0.24 mole.) 

Prom the 1st reaction vessel only CgClg was 
recovered while the second yielded a l i q u i d (11 g. 
as "before. No attempts were made at a complete 
an a l y s i s . I n a l l 13.5 g. (0.057 mole.) of CgClg 
were recovered. Combining these r e s u l t s i t i s 
seen that we have from 100 g. of CCI3COOH and 
29 g. of CUT, the following products: 

C 2
C 1 6 16.8 g« (0.070 mole.) 

CCI4 11.2 g. (0.075 mole.) 
CCI3P 7.7 g. (0.056 mole.) 
C C I 2 P 2 0*2 g. (0.0015 mole.) 
CC1P3 0.1 g. (0.0009 mole.) 

Carbonyl ( c© 3.7 g. (0.13 mole.) 
halides ( 

(0.18 mole.) containing! CI 
/ 

6.5 g. (0.18 mole.) 
1.6 g. (0.084 mole.) 

Halogens (CI 5.9 g. (0.017 mole.) 
containing ( 

g. (0.017 mole.) 

(P 3.0 g. (0.016 mole.) 
COg (from a l k a l i n e sulphite scrubber a f t e r 

correction for that generated from COXg 
22.3 g. (0.51 mole.) 
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c 0 2 (toy S a s analysis 17.2 g. (0.39 mole.)) 

CO 2.3 g. (0.083 mole.) 

Actually ( CC13C0:F 2.0 g. (0.012 mole.) 
isol a t e d ( , . 

( CC13C0C1 0.5 g. (0.0027 mole.) 
(, CC1,C00H 1.0 g. (0.0062 mole.) 

halogens as HX and CCI3COX CI 9.1 g. (0.25 mole.) 
[ V 9.8 g. (0.52 mole.) 

0 0.1 g. (0.0032 mole.) 

Action of C1P3 on CC13C0C1 at 100° 
Experiment type A. 
Starting_MateriaJ§ 

CCI3COCI 111.5 g. (0.61 mole.) 
CIS1 3.2 g. (0.35 mole.) 

3 
^Products The al k a l i n e sulphite solution contained 

C l ~ 33.0 g. (0«93 mole.) 
Y° 7.8 g. (0.41 mole.) 
C0 2 5.9 g. (0.13 mole.) 

The halogenated methanes were composed of 
CCI4 1.5 g. (0.0098 mole.) 
CCI3F 6.9 g. (0.050 mole.) 
C C 1 2 * 2 0.1 g. (0.00083 mole.) 
CCIF3 0.1 g. (0.00096 mole.) 

The f i r s t reaction vessel was empty and the 
l i q u i d remaining i n the second reaction v e s s e l 
(79.0 g.) was analysed as follows: 
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A sample (9*5 g.) was dissolved i n excess NaOH 
solution and the CgCl6 f i l t e r e d off (0,2 g.). 
The f i l t r a t e was made up to 250 ml. and the halide 
estimated (0.0013 eq. CI " and 0.037 eq. 3P~). 
This indicates the presence of 

CC13C0C1 0.2 g. 

CCI3CQF 6.1 g. 
CgClg 0.2 g e 

This rather large d e f i c i t i s accounted for i n the 
loss of the v o l a t i l e l i q u i d during the vigorous neutral 
i s a t i o n i n spite of the COg/ftthanol condenser. 
The r e l a t i v e proportions of these products was 
therefore used and the l i q u i d from the reaction 
vessels i s considered to be 

GCI3COCI 2.5 g. (0.014 mole.) 
CCI3CO]? 74.0 g. (0.50 mole.) 
C 2C1 6 2.5 g. (0.011 mole.) 

E x i t gases contained 0 g 0.1 g. (00031 mole.) 
Hence i n the experiment we have accounted for 134.4 g. 
of products. 

Experiment type B. 

StSE iiSS SE iSi 2 
CCI3COCI 115.0 g. (0.63 mole.) 
CIS13 35.0 g. (0.38 mole.) 

Products 
0.0384 eq. of phosgenes were detected, of 
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approximate composition 
CO 0.53 g. 
CI 0,83 g. (0.023 mole.) 

P 0.29 g. (0.015 mole.) 
Analysis of the exi t gases showed that they contained 

C0 2 3.U g. (0 e077 mole.) 
Or, 0.2 g. (0.6062 mole.) 

and no CO i n excess of that generated from the COXg. 
The l i q u i d remaining i n the second reaction v e s s e l 
(55*5 g.) was analysed i n a sim i l a r fashion to 
that i n the previous experiment. The sample 
(16.6 g.) contained 1 g. CgClg 3.3 g. CCI3CGF and 
9.086 g* CCI3COCI and again there was an apparent 
l o s s of v o l a t i l e halides. 

Experiment type C. 

CC13C0C1 112.5 g. (0.62 mole.) 
Cl?3 30g. (0.32 mole.) 

Products 
0.924 eq. of Xg + COXg were detected containing 
approximately 

CI 26.8 g. (0.76 moleo) 
P 3.2 g. (0.16 mole.) 

60 g. of material remained i n the second reaction 
v e s s e l . 
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From these experiments we can state that the 
reaction between GIF (32 g.) and CCl_COOH (111.5 g.) 
produced. 

C 2 C 1 6 
CCl. 
CCI 3P 
GC1 2P 2 

CC1F 3 

2.5 g. 
.1.5 g. 
6.9 g. 
0.1 g. 
0.1 g. 

CGg (from alkaline scrubber 
for that from COXg) 5.1 g. 
By gas analysis 3.4 g. 
COXg containing 

( CO 
( 
( CI 
( 

0.5 g. 
0.8 g. 
0.3 g. ( ]? 

halogen containing 
j CI . 26.0 g 

2.9 g. 

0.011 mole.) 
0.0098 mole.) 
0.050 mole.) 
0.000S3 mole.) 
0.00096 mole.) 
a f t e r correction 
0.19 mole.) 
0.077 mole.) 

0.019 mole.) 
0.023 mole.) 
0.015 mole.) 

0.73 mole.) 
0.15 mole.) 

halogen as CCl^COX carried over into a l k a l i n e sulphite 
scrubber 

( c i 6.2 g. (0.18 mole.) 
(•! 4.6 g. (0.24 mole.) 

A mixture of CC13CGF and CCI^COCI containing 
appreciable amounts of the acid fluoride 

76.5 g. 
Oxygen 0.1 g. (0.0031 mole.) 
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Experiment to determine degree of substitution of CGl^ 
group i n CCl^COOH 
Starting.Materials 

Oil's 15 g. (0.16 mole.) 
CC13C00H 104.5 g. (0.64 mole.) 

A reaction of type A was carried out at 100° for 
3 hours. 

Products 

The al k a l i n e sulphite scrubber contained 
CI 9.0 g. (0.25 mole.) 
P" 7.6 g. (0.40 mole.) 
C0 2 21.0 g. (0.48 mole.) 

Halogenated methanes 
CC1 4 4.9 g. (0.032 mole.) 
CCI3P 1.6 g. (0.011 mole.) 
CClgtfg 0.3 g. (0.0025 mole.) 
CCi:F3 0.2 g. (0.0019 mole.) 

Halogenated ethanes 
CgClg 14.8 g. (0.062 mole.) 

The residue i n the reaction vessels (55.5 g. of solid) 
was analysed as follows. A sample of the crude 

acid (16.5 g.) and 0.5 g. of anhydrous ZnCl were 
heated to 150° i n a 100 ml. f l a s k equipped with 
dropping funnel, reflux COg/BtOH condenser and 
CaCl tube. E e d i s t i l l e d benzotrichloride (20 g. 

2 
0.14 mole.) was added and the mixture kept at t h i s 
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temperature for a further 30 minutes. The s o l i d COg 
was removed from the cold finger and replaced by o i l . 
Using the cold finger as a thermometer well the acid 
chlorides were d i s t i l l e d u n t i l the d i s t i l l a t i o n 
temperature rose to 126°C. (CCljCOCl b.p. 118°) when 
3.5 g. had d i s t i l l e d . The trap containing the acid 
chlorides was f i t t e d with a dropping funnel, r e f l u x 
COg/EtOH condenser and CaClg tube and anhydrous MeOH 
(1 ml.) added. After the i n i t i a l vigorous•reaction 
occurred the mixture was heated to 160°C. and then 
l e f t overnight. The crude ester s were poured onto 
water, separated and washed with water (4 x 20 ml.) and 
dried (MgSO^). The crude product was d i s t i l l e d under 
a s t a t i c vacuum to give 2 g. of mixed esters for 
chromatographic ana l y s i s (see that section f o r d e t a i l s ) 
which showed the presence of only CCl^COOMe and MegCO-j. 
Authentic CPjCOOMe and CCljCOOMe were prepared by the 
same process. 

A second sample (6.4632 g.) was dissolved i n water 
and the p r e c i p i t a t e of G 2C1 6 f i l t e r e d off (1.5509 g.) 
and the f i l t r a t e made up to 100 ml. for 01" and F~ 
estimations. 

There were found for the whole 55*5 g. 
Cl~ 0.0085 eq. ) 

) 0.0108 eq. 
P" 0.0023 eq. ) 
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By gas chromatography there were detected 0.000058 eq. 

of MegCO^. Thus i t i s seen that most of the halogen must 
be present as CCl^COX. Using t h i s information we have 
present i n the 55.5 g. of reaction residues 

13.3 g. 
1.5 g. 
0.4 g. 

40.3 g. 
The connecting tubes etc. yielded 1.5 g. CgClg. The 
exi t gases contained 0.2 g. of Og. Prom previous 
experiments of types B and C we can say that a f t e r 3 hours 
reaction the following had been formed 

0.7 g. (0.026 mole.) 

C 2 C 1 6 
CC1 C0C1 

o 
CClgCOP 
CClgCOOH 

COXg containing (CO 
(CI 
( 
(P 

halogen containing ( c i 3.7 g. 
(p 0.7 g. 

Gas analysis indicated the presence of 

C0« 

0.8 g. (0.023 mole.) 

0.6 g. (©';.029 mole.) 
(0.105 mole.) 
(0.037 mole.) 

u2 
CO 

6.7 g. (0.15 mole.) 
0.1 g. (0.0031 mole.) 
0.2 g. (0.0071 mole.) 

Hence the products from the action of CIP3 (15 g. >• 
0.16 molei.bn.OolgCOOH (104.5 g. 0.64 mole.) for 3 hours 
are 

C Ci 14.8 g. (0.062 mole.) 
2 6 

CCI4 4.9 g. (0.032 mole.) 
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CCI 3F 

CC1P_ 

1.6 g. 
0.3 g. 
0.2 go 

(0.011 mole.) 
(0.0025 mole.) 
(0. 0019 mole.) 

(from alkal i n e scrubber a f t e r correction 
for that from COX2) 19.8 g. (0.45 mole.) (By gas 
an a l y s i s . 6.7 g. (0.15 mole.)) 

COXg containing 
( C O 0,7 g. 
[ CI 0.8 g. 
( 
( r 0.6 g. 

halogen containing 
3.7 g. 
0.7 g. 

(0.026 mole.) 
(0.023 mole.) 
(0.029 mole.) 

( CI 

I-
halogen as CCljCOX or HX 

CC13COT 
c c i 3 c o c i 
CC13C00H 
Oxygen 
CO 

1.5 g. 
0.4 g. 

40.3 g. 
0.1 g. 
0.2 g. 

(0.105 mole.) 
(0.037 mole.) 

CI 4.5 go (0.13 mole.) 
i 1 6.4 g. (0.34 mole.) 

(0.0091 mole.) 
(0.0022 mole.) 
(0.25 mole.) 
(0.0031 mole.) 
(0.0071 mole.) 

Experiment to determine ef f e c t of number of reaction 

vessels 
The experiments types B and C gave r e s u l t s that had 

a rather strange v a r i a t i o n with time. I n order to 
investigate t h i s phenomenon an experiment of type B 
v/as carried out using a single reaction v e s s e l of larger 
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capacity (300 ml.) instead of the two i n ae r i e s . 
The reaction (type B) was car r i e d out i n 10 hours and 
products r e s u l t i n g from the reaction between the C l I ^ 
(57 g. 0.61 mole.) and the CG15C00H (200 g. 1.22 mole.) 
were CpCl> (8.5 g. 0.037 mole.), recovered acid 
(91 g. 0.56 mole.) and C0X2, C0 2, 0 2 and GO as 
represented graphically (Diagram 2:4 3 ) . 
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