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ABSTRACT

This work presents dats for the separation of
materials imvelved in the chleorosulfonation of bengene
QaingA@arhan tetrachloride as an inert extraction solvent.
Egullibrium and tle line data for the liguld ternary
systemss carbon tetrachloride - chlorosulfonic acid -
sulfurle acld; bengenesulfonyl c¢hloride - carbon
tetrachloride - sulfuric seld; benzenesulfonyl chloride -
chlorosulfonic aeld -~ sulfurie scld and for the gquaternary
system bengenesulfonyl chloride « earbon tetrachloride -
chlorosulfonic sc¢id - sulfuric acld have been determined.
The tie line date has been correlated by the method of
Othmer and Toblas.

Data for two chlorosulfonations made under differing
conditions 1s aslso given.
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INTRODUCTION

Chlorosulfonation 18 used industrially in the
preparation of chemical intermedletes In the manufacture
of dyes and drugs. Commercial practice is to use batch
reactions for this process. This work is an attempt to
further the knowledge nesded to develop & continuous

chlorosulfonsation process.

The basic reaction involved in chlorosulfonation mey

be expressed

ReH + 8 ClSOgH —- R*80gCl + H 80, + HCL

Some of the possible slde reactions may be expressed

R*H + ClSO0zH — R'SG%H + HCl
R*H + R“&%G&-’R‘%%*R + HCl
2 R'E‘Fﬁgsﬁé T"‘R’S@%'R + 2 Hﬁ@

In the batch process large excesses of chlorosulfonie
selid are used $o drive the reesction to completlon and to
inhibit the formation of by products. In present practice
this valusble raw material 1is lost for reuse when it 1s
eonverdted to other products during the purifiecation of the
sulfonyl chloride.



A continuous chlorpsulfonstion process in which
stolehlometric amounts of the rew materiels e¢an be used
or in which the unreacted raw materials can be used or in
which the unrescted meterials can be recovered for reuse

would be attractive commereially.

This work is en amplification and contimmation of
garlier work on this problem (9). Lange in his investi-
gations into the reaction had chosen benzene as the organle
reactant because of the avallaebility of information and
the simplleity of its reaction with chloresulfonle scid.
The reaction was to be carried out with an inert solvent
present which would help drive it to completion by extract-
ing the product from the acld medium as it wag formed.
Carbon tetrachloride was chosgen as the extraetlon sclvent
because It possesses the necessary physlceel and chemiesl

properties and is readlly avallable,

lLange's work had progressed to the point of having
completed several exploratory reactions and determining
some of the data for the guaternary system benzene sulfonyl
chloride - carbon tetrachloride - e¢arbon tetrachloride -
chlorosulfonie acid - sulfuric meid including several of

the ternary systems involved.



yTAL METHOD

Equilibrium Data

Equllibrium data was obtained by the e¢loud point
method. Known one-phase mixtures of two components were
made wp and titrated with the third component while beilng
stirred until a second phase or ¢loudiness appeared. The
welght of esch component was obtained from the weight in-
crease of the mixture because of the addition.

Tie Line Dats

Tie line dats wss obtained by making up three-
eomponent mixtures which would separate lnto two phases,
The phases were allowed to separate intc layers, The
waights of the two separated layers were obtained. The
separated layers were then analyzed for thelr various

gomponents,

The layer to be snslyzed was extracted with & known
welght of water. The layers from the extractlion were
separated and welighed. An asliquot of the water layer was
titrated wilth standard sodium hydroxide sclution to a
phenolphthalein end point. The weight of swlfurie seld
in the layer was determined by the use of simultaneous
equations 1nvaiv1§g welzght change of the layers 1& the
water extraction and the aeidity of the water layer.



Sulfuric Acid (continued)
gu. P50,CL + gm. H,80, = welght change of layer

- equivalents in layer

Checks were made on the sulfuric acld determinations
by precipitating with barium chloride from & welghed
aliquot of the water extraction leyer and welghing the
ashed precipitate to determine the total sulfate present
in the sample. These methods are not applicable when

¢hlorosulfonic acld 1s present.

The organle layer from the water extraction of the
sanple was welghed and then dlstilled in a one plate
column until the overhesd temperature began to rise
sharply above 100°C., The distillation flask was then
cooled and weighed. The difference in weight from the
original distillation sample wag taken as the welght of

carbon tetrachloride in the layer,

The scidity in the water extraction layer unaccounted
for by the sulfurie acid previously determined was assumed
to be due to benzenesulfonyl chloride which had hydrolyzed
during the extraction. The residue from the distillstion



Benzepesulfonyl Chloride (eontinued)

of the solvent layer gave the amount present in that
layer. The sum of the quantitles in easch layer gave the

amaunm of benzenesulfonyl chloride present in the sample.



Run 3£ seld Leyer

asid layer £5.0 g
watay sdded 58.0
golvent layexr 446
weter layer 76,0
Bfolvent layer distillation
M i
5% Y o b5 S
CCly 1.8
Ps001 Bl

Wateyr layey mmrm&thx

15.2 ml. of 0.878 ¥, sodiuz hyfroxide meutral~
1208 & £,9449 zn. aliquet of the water layer.

15.8 ml. X 0,878 mm{f&w = 360 meg.
= 38«4 gm.

Barius sulfate wﬁ;&muﬁm of water layey
: v suz.fuﬁa wm ew:lmﬁ Lron




etion {contimmed)

Bengenesulfonyl chloride determination

water layer

golvent layer
regidue from distillation 3.1 gn.
total P80gCL 4.8 gm.



Besction Date

The reactions were c¢carried out in & 250 ml. sepapratory
funnel equipped with a water ecooled condenser. Agltation
was echieved by bubbling a small stream of nitrogen through

the reaction mass.

After the separation of the layers the acid was ex-
tracted with water which also c¢aused some of the phenyl-
sulfonyl benzene which was formed in the reactlon to
erystallize. The layers were then filtered to remove this
solid,

The solvent wes then stripped from the orgenie layer
and the residue was refluxed for one hour with an excess of
sodium hydroxide selution to convert the benzenesulfonyl
c¢hloride to the sodlum salt of benzenesulfonic ecid,

.

After eooling the mixture was filtered to remove the
rhenylsulfonyl benzene which had e¢rystallized. Welghlngs at
each stepr in the procedure slliowed a determination of the

emounts of products formed to be made,



Moterdsls

The materials used Iin this work were:

Benzene
4.C.8. reagent grade special thiophene free
Catalog No. CB 209
Matheson Coleman and Bell

Benzenesulfonyl chloride
Figher "resgent® grade
Catalog No. B 287
Fisher Scientific Company

Catalog No. 2862
Matheson Coleman snd Bell

Carbon tetrachloride
Reagent greade
J.T, Baker Company

Chlorpsulfonic aeid
Practical grade
Catalog No. P 669
Distillation Products Industries Inec.



Materisl {continued)

suifuric acid
38 Normsl 100,921 0,154
Hartmeann - Leddon Company

These materisls were used as received with no

further purifiestion.



B, P. Density Solubility gn./100 gm
6‘} m'm‘ m ﬁﬁ. m. ‘! ;

36,47 -111 -85 82,3° s, s,

C1S0;H 116,52 80  151.5 1.787 a. a.

EpS04 $8.08 10,49 340 4. 1.834 oo d.

CChg 153,84  -22,6 76,8 1,598 0,089 oo o oo
CeHg 78,11 5,56 80.1 0.879  0,07%® oo o

P50gC1  176.68 14,5 B251.6 1,378 1, v. 8. s.

@sOgiHe  187.18 156 0.433% v, 8, h. v, s.

geogp 218,26 185 .81 1,252 sle 84 hs 8.h. S, 8.
gs0sH 188,17 50 a. Ve B, V. S. 1. sl. s,
PS0s8a 180,16 450 4. a7 sl. 8. h.

HClHs0 20,32 g HCL 108.6
Cly*Hol 4.1 £ Bgd 66
CeHg.H20  8.83 £ Hg0 69,25



Run 2
23%¢
Ran 3
£3%¢

Run 6
24°¢

Run 7
259¢

End point overrun due to leaking burette

ggs "
HpS03
cCl,

Ci8U-H
HoB04

CCl
€18

HpS04

5*314
Hps0y

ol
C15858

HpS04

ﬁgs 9.4

18,8
217
0.9

18,7
44.9
S8

15.6
4l.9
2.1

14.8
42,6
3,0

15.5
51.8
B.6

12,5
51.6
DR

30.4
67.4
2.8



Material odahs
Rum 8  ClS0E 17.1

0 21,3
259¢ g@if 0.4

98 £ sulfurie acid was inadvertantly used. The
water present reacted with the chloresulfonie
ae¢id causing the loss in weight due to the
evolutlion of gaseous hydrochloric aecid,



Figure 1. f/\\,/ﬂ\‘/"\
Equilibrium data for the /"f_7’§:w/\A7/\ —— ® Present data

| /
) e \EL" @.;3/ - \ 4 —)
system carben tetrachloride- A7 /UK N0 /\ T T © lange

chlorosulfonic acid-

sulfuric acid at 23-259C
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NATANTA




Materlsl  Welght gm. = Welght g

an 9  @S0,C1 7.8
i cc1; - 175.9

Two phases were not found when titrating benzene-
sulfonyl chloride with ¢arbon tetrachloride.

Ran 10 HeS0, 8.2 7.9
280,81 16.8 56,5
23%¢ CClg 4.6 15.6
H,.50, 12.5 60.7
23°¢ cb1, 1.3 6.3
Run 12 $§80gCL 7.0 £9.0
ccl 17.0 70.6
23°¢C Hp80, <0.1 <0.4

Benzenesulfonyl chloride and earbon tetrachloride
were misecible, Sulfuric acid when sdded formed &
second phase immediately.

Run 13 @S0, 13.2 59.2
ccy 8.0 35.9

End point overrun slightly.

Run 14  Hgs0 7.8 20,7
gEochy 23.4 62.1
23°¢C ce1, 8.5 17.2



Run 18
839C

Run 16
23%¢

Run 17
23%¢

Run 18
23°¢

Run 18
23%¢ .

Run 21

2390

Run 282
23%¢

Bun 23
2300

HpS04
poghs
cCl4

$E0gCL
CCl4
Hp80,

£5.8
7.6
- 3N7

16.3
14.5
2.9

15.9
7T
1.1

4.8
£4.8
9.8

15.4
15.8
<0.08

See note Run 12,

#5020
CC
HpS04

4.9
18.8

See note Run 18.

Welght £
73.5

£1.7
4.8

48.4
43,0
8.8

89,3
8.0
2.7

37.5
49,0
33,5

19,4
62.1
18.5

19.9
80,1
<0.8



Figure 2.

Ecuilibrium data for the

system benzenesulfonyl

chloride~carbon

tetrachloride-sulfuric

acid at 23°C




Material Welght gm.

-N
12.7
i5.9
8.4
Gverran end point silightly.
Glseg,u 4.8

c 0.5

Welght &



Run

30

31,386

10
iz

8 b 18 10
wt.fraetion wt.fractlon 8 b
Ho80, in €C1, in

a@%& fayey salven%\layar

Values from snslysis of layers.

0.1032 0.973 8.67 0.,01747

- 0.0950 0.9648 8.60 0.0%65
0.1085 0.977 8.75 0.0835
0.3018 0.9574 £.315 0.0445
0.£914 0.9788 £.09 0.02165
0.000 0.9749 oo 0.08578
0.9818 0.989 0.01856  0.01112

Values obtained from analyzed wvalues extrapolated
to the equilibriwm curve.

0.8 97.96 8.5%8 0.021886
10.5 88,44 8.58 0.01885
£9.5 97.83 £2.06 0.0228
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: © Analyzed values ::

n + Analyzed values extrapolabted to the equilibrium curve —

. © —

a 6]

.}a- i
4 @ oo

4 #-

0]

+

(o]
0.01 | 1 I I N Y I I [ R S I I I l l I N Y I I
0.1 1.0 10
l -8

Fizure 4. Correlation of tie lines in the system carbon tetrachloride- chlorosulfonic
‘ acid-sulfuric acid according to the method of Othmer and Tobias.
a wt. fraction HpSO,
b wt. fraction CCl,



Run 24  HpS04 43,1 | 34.2

250261 £3,8 18.9
‘cc1§01 59,2 . 46.9

- The two layers formed were separated.
S0lvent 85.5 5343
Aeld  BT.3 4 46,6

An alﬁigmt of the acid layer was drowned on
erushed lce and neutralized with sodlum hydrox-
1de solution.

- Ss%gle - 1.5408 |
HaQ 14.8 mi, of 1.8385 W,

The sample analyzed 78 ¢ sulfurie aeld, butl the
end point faded very rapidly. More saaim hydrox-
ide was added. The sample now snalyzed 82 4 sul-
furie seid, but the end polnt faded again.

Run 25  An sttempt was made to form benzenesulfenamide
- Prom the anIaﬁi chloride by reaction with
- smmwonlum hydroxide. The amide 1s a solld which
is insolx in water. On filtration of the
precipitated product the filter broke through
and the sample was lost,

Run 26 Run 25 was repested. 10.5568 gn. of benzenesulfon-
¥1 chloride wes rescted with 80 ml. of conven~
trated ammonium hydroxide solution. 7.9704 gm.
of derivative were recovered. This recovery
sccounted for only 85 £ of the benzenesulfonyl
chloride. The filtrate on standing for several
Wm i hed more crystals of the derivative fomm



Material Velght am.

Run 29 303.4 7.0
#5001 16.7
52384 &. e

A two phase nixture was formed. The entire sem-
ple was drowned with 25 ml. of water. The water
end solvent layers were separed. The water layer
wes neutralized with 206.5 ml. of 0.871 N. sodiunm
hydroxide. The solvent layer wes distllled,

CCly 8.1 25,2
P50.,L1 18.3 47.4
Rpsh, 8.8 27.3
Run 30 HyS80 37.6 31,8
ﬂgﬂg 1 23.4 19.4
CCl, 59.4 49.3
Acid layer 48.8 41.%2
Solvent layer 69.7 §8.8

Agld layer analysis

A 13,3941 gm. sliquot of the 111.7 gn. water
layer required 107.5 ml. of 0.878 N. sodium
hydroxide for neutralization.

HpS0, 36,5 87.9
ctl, 1.9 4.3

Sodvent layer anslysis

The 47.5 gm. water layer required 20.0 mi., of
00,0953 N. and 44.2 ml, of 0.878 N. sodium hydroxide
for neutraslization.

HpS0, £.0 2.9
Cglé 56.6 81.7
280,C1 10.7 15.4
Run 31  Hgs0 24,0 £1.9
gEosd1 7.2 43.0
Aeld layer 3.7 30.3
Solvent layer 75.8 69.8

Aeid layer analysls

Water added 39 .4

Solvent layer 7.1

Water layer 63.6

46.4 ml. of 0.878 N, sodium hydroxide neutralized
a 5.8233% gnm., alliquot,



Run 31 (continued) = :

Egga 18,86 60.1
PECeCL 10.5 33.5
CCly 2.0 6.4
Eolvent layer analysis

Water added - 20.0

Solvent layer T0.9

Water layer 227

25,1 ml, of 0.878 N. sodium hydroxide neutrallized
a 6.6591 gm. sliquot.

HeB80 2.9 5.9

g0t 35.8 47.6
Run 32 HoS0 9.9 19.8

gEot 39.8 39.7

CCl, 40.6 40,5

Agid layer 23.0 2.4

Solvent layer 75.1 76,6

Aeld layer analysis

Water added 89.0

Solvent layer 4.6

Water layer - 78.0

15.9 ml. of 0.878 N, sodium hydroxide peutralized
a £.9449 gm. aliquot,.

0.5262 gm. of barium sulfete wss obtained from
a 1.0177 gm. allquot.

Hos0 16,5 71.8
250,01 5.0 £1.7
CCly 1.5 6.5
Solvent layer analysls
Water added 268.6
Solvent layer T4.1
Water layer 25.9

1.7k ml, of 0,878 N. scdium hydroxide neutralized
s 6.0165 gn. eliquot,

0.2724 gm. of barium sulfete was obtained from
an 11.0780 gm. aliquot.

Ho80 D.86 0.4
CCly 40.5 54.4



Run 33

Run 34

28

Material Welght pm. Helght 4
£1.6 21,6

Piouk 32,2 32.4
CClyg 45,9 46,0
~Aeid layer | 26,6 26.5
Solvent layer = Ti.0 73.5

Aeid layer analysls |

Water added . 57.1

Solvent layer £.8

Water layer 78,7

14,5 ml. of 0.878 N. sodiunm hydroxide neutralized
a 2,3595 gn. allquot.

The barium sulfatse precipliate was lost when
the cruclible cracked.

19.5 79.8
ﬁﬁggél 4.2 C17.2
Solvent layer analysis

" Water added ' 35,8
Solvent layer 6?.9
Water layer 37,9

4,95 ml., of 0.878 N. sodiun hyﬁrexide neutralized
2 4.5647 gm. aliquot. -

0,8880 gn. of barium sulfate was obtained from
a 11.7994 gm. aliquot.

ng@ 1.2 1.7

R50e0L 24.9 35.6

Cal4 44;1 63“3'
34.6 30.9

5.3 4.7

71.9 64.3

Acid layer . 36.4 33,7

Selvent layer 71.5 66.3

Acid layer anslysis

Water added 54,2

Solvent layer 2.0

Water layer 87.8

£25.2 ml, of 0.878 N. sodium hydroxide neutrslized

‘a8 B2.6038 gm. aliquot.

The sepsration of the water extraction was poor,
the solvent layer was emulsified,



26

Materiel  Welight gm. Weleht £

Run 34 (contimed)
Solvent layer analysis
Water edded 40,9
Solvent layer 69.6
Water layer 40,7
12,45 ml. of 0.878 N, sodium hydraxide neutfalized
the water layer.

00.536 . 0,75
9& & 3.6 5.0
cc:!.,; 67.4 94.8

Run 35 28,2 26.2

pRoghy 56,9 52.8
ol 22.6 21.0
Acid layer 40.4 38,0
Solvent layer 66.0 62,0

Aeid layer snmlysis
water added 103,7
Solvent leyer 12.3
Water lsyer 131.8
5,12 ml. of 0.878 N. sodiwm hydroxlde neutralized
a 1.1647 gm. sliguet.

g0 £1.2 52.9
0af1 16.8 419
cc1s 2.1 5.2

Solvent layer anslysis

Water added 86.3

Solvent layer &7.86

Water layer 713.1

20.2 ml, of 0.878 N, sodium hydroxide neutralized
a 9.1228 gm., aliquet.

6.8 2.8
Eﬁﬁg&l 40.0 61.5
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GRERBEER SREBEER

FEATE

b % ~B "
whe fm&em wt. fmatimn a b -
vent War
values from welghts of layers

0.7385 0.83E 0,361 0.208
0.745 f 0.342 0,830
0,700 0.428 0.924
0.823 .218 0.930
0.808 O.842 0.645
0.893 0,120 0.047
0.678 0,739 Z.44

values from analysis of layers

0.780 0.797 O.R82 0,285
Q820 0. 775 0.2)9 0,28}
0,360 0.817 0.163 0.826
gvm O’nwg 3‘-¢6&6 }uﬂﬁ

0.718 0.544 0.393% 0,838
0.798 0,628 0.2583 0.593
0.947 0.948 0.066 0.062
0,629 0.290 0,891 .45

values from analyzed values extrapolated to the
equilibrive curve

0.905 0.833 0.1076  0.200
0600 0.458 0,866 3«;6@8
0.695 0.543 Q.439 0,841
0,788 0.637 0,874 Q.588

0,944 0.940 0.0683 0.0639
0.420 AN 1.58 B.EB
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Figure 6. Correlation of the tie lines in the system

benzenesulfonyl chloride-carbon tetrachloride-
sulfuric acid according to the method of Othmer and
Toblas,



Reaction charge

G180 61.5 gm,
cmf?n 76.3
Ce¥a 23.9

During the reaction there were lesses of liguid
from the tep of the condenser,

Aeld layer 81.5
Solvent layer 80.6

Aeld layer analysis

Water sdded 92,0
Solvent layer 4.7

S i
#50gC1 2.6

The water layer of the water extraction of the
aeid layer was extracted with benzene which
after separation was evaporated. 0.4 gn. 9500
was precovered.

Belvent layer snalysis

Wam added | 6‘?‘.5
2.0

13,0

Mhm was recovered from the benzene extraction
of the water layer.

£.6 gm, @S was recovered from the filtration
after reaction.

Total recoveries

80 5.7
pooed N
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Run 36 (contimued)

Yield
#o0ep — 9.3 %
gsaggi = £8,9 %

Bun 37 Reaction charge

Clsi ‘ 73.8 °
cc:égaﬁ T2.4 =
HaCl 15,0
CeHg 25.9

There were ligquid losses from the top of the
condenser during the reaction. The reactlon
mass on standing, after the sglitation had been
stopped, set u in e porous solld form, Water
was added until the solid mess was disolved.
The organic layer was separated and the water
layer was extracted with benzene.

Solvent layer analysis

Solvent layer 53.4
B 34
ﬂsegl 15.3

Water layer analysis

After evaporation of the benzens
tion 0.5 gm. P50pP was recovered.

frox the extrace

Total recoveries

— 0.8 4%

20.4 %

iﬁ
x
I

L ]



DISCUSSICH
Methods

In general, of the methods employed to ebtain the

date glven, the cloud point determinations for the equilib-
rium curves were found to be the most reliable. Several
times slmost exsct duplicates of compositions were found
while doing this work, Rung 3 and & in Table II and Runs
14 and 19 in Table III illusirste this. These duplications
were not made intentionally but were found in the course of
making determinations at random intervals of composition
along the curve,

The themigally analyged samples showed less relia-
bility. This 1s due In part to the number of transfers
involved in making up the semples, separating the layers,
extrecting the layers with water, and reseparating the
water extractlon layers. There were measurable losses in
each one of these operations. The most noticeable was o
particularly large loss in the acid lesyer of the originsl
two phase samples. On traﬁsfering the sample to the separa-
tory funnel the gluss of the flask used in making up the
sample was wetted by the aeid layer and severasl rinses with
the organle material of the sample would not completely
remove the acid material from the flask. The other transfers

d4id not show this charascteristic.



It was found early in this work that the aecid
determinstion method deseribed in lenge's work was not
reliable in the presence of benzenesulfonyl chloride.

The phenolphthalein end point that was obteined by this
method faded very rapldly and the coneentration of aeid
found was dependent upon how rapldly the titration wes
carried out. Therefoare a new method of determining the
compositions was developed, At flrst 1t was assumed that
the benzenesulfonyl chloride remeinsd in the solvent layer
of the water extraction but it was found that the material
balanees on this material were poor, (Runs 24 & 30).

{nce it was realized that the benzenesulfonyl chloride was
beling distributed between the scld and solvent layers in
the water extrsction and this situatlion was corrected for,

the materisl belances became more relisble,(Runs 31.35).

Another source of error in the anslytical resultis
obtained in this work was the fact that some of the
separations were made before the layers in the separstory
furmel had completely eleared of very fine droplets of
material from the other layer. At times 1t was necessary
for the samples to stend for seversl days before the

layers were clear.
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Eouilibrium Dats

Carbon tetrachloride - Chlorosulfonic acld - Sulfuric
acid

In the earlier work on this system (5) the data which
wag presented gave an equilibrium satursation curve of an
0dd configuration., The initisl work in this psper was done
to check this. Table I Runs 1 through 8 present new data on
this system. Figure 1 shows the curve derived from the
equilibriwn data obtained in this paper and the previous work.
Figure 1 does not inelude data obtained by analysis of
extraction layers, only that obtained by phase equilibrium

methods whieh seem to be more reliable.

The point which was plotted for Run 8 was calculated
sssuming that the water present in the system hydrolyzed
the c¢hlorosulfonic secid to form sulfuric acid and hydro~
chloric aclid. The loss in welght in the sample between
the addition of the sulfuric acid and the weighing after
the addition of the carbon tetrachloride was szsumed to be
due to the lossz of hydrochloric acid, which left the system
as 2 ges, This method glves a point which lles close 1o
the eurve obtained by lange and on the curve obteined in
this work. |
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The new data which was obtained presents a different
shape for the equilibrium curve which does not have the
odd conflguration found in the previous work. It appeers
that the data which had been cbtained by the snalysis of
equilibrium leyers was responsible for this difference in
the shapes of the curves. This error in the anslysis could
be due to & poor separatlon of the layers dus to the
material In the bottom layer wetting the glass and not

draining properly.

Benzenesulfonyl c¢hloride - Carbon tetrachloride - Sulfurle
acid

The equilibrium curve obtalned from the data had only
one immiscible binary ss would be predicted from Lange's
work if sulfuric seld eontaining no water were used. Ths
migselbility of the benzenesulfonyl chloride ~ sulfuric aeld
palr was complete over all of the range tested. The lmmis-
eibility found in Lange's work was due to the fact that the
gulfuric acld used contalned some water which would be
immiseible with the benzenesulfonyl chloride. The sulfuric
acid used in this work contalned no free water therefore

the palr was found to be completely misecible.

The equilibrium curve determined by the date is smooth
and no difficulties were experienced in obtaining this
data,
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Benzenesulfonyl chloride - Chlorosulfonle acid - Bullfurle

seid

From the date obtalned in this work showing the mis-
eibility of benzenesulfonyl chloride and sulfurie acid
plus that obtained by Lange this system would appear to
be completely miscible.

Benzenesulfonyl chloride - Carbon tetrachloride -
Chlorosulfonic acld - Sulfuriec acid

The data that has been obtained in this system does
not appear %o be very aceurate. In the present work the
chlorosulfonic acid used in Runs 27 and 28 had been steored
for approximately'nina months and upon reuse it was found
that the cap on the bottle, a phenolic resin, had decomposed
to the point where it was not sealing the botile pro-
perly. Therefore the sulfurlc acid coneentration is prob-
ably higher then thet reported. On plotting these peints
on a three dlmensional model of the tetrahsdron represent-
ing the quaternary system it was found that the points were

not elose to the expected equilibrium surface.

The data obtalned by Lange for thls system suflfers
from the fact thet it was obtained by snalytical methods
which were found to be inmccurate and develops an oddly

sheped equilibrium surface.



Tie Iines

Carbon tetrachloride - Chlorosulfonlc seid - Sulfuric
aseld

"lLange'a data was used to correlate the tie lines in
this system., The correlation method used 1s that described
by Alders (1) page 5% which was developed by Othmer and
Tobias. In order to obtain a more exact correlation than
that from the data savallsble more extensive work would
be necezsary in the arsa of the ternary system approaching
one hundred percent carbon tetrachloride., This work does not.
seem to be werranted since the aree of solubility is small
enough to assume that all of the tie lines in this systen
wlll pass througzh the one hundred percent earbon tetrachloride
point if extrapolated through the soluble =mrea of the graph.
Since one point on the correlation plot 1s at Infinity 1t
would appear that the line for this plot is nearly hor-
izontal,

Benzenesulfonyl chloride - Carbon tetrachloride - Sulfurie
aeld

The tie lines determined in this system were
obtained by two different methods. The welghts of the
equillbrivm layers and the composition of the originsl
sample were used to determine one set of lines. The
analysis of the equllibrium layers was used to find the
other. 4 third set of points used in the correlation was



determined by extrapolating the tle lines determined by
snalysis to the eguilibrium curve, This was done because
most of the snalyzed compositions did not fsll on the

equilibrium curve.

The tie line determined from the welghts of the
layers were subjeet to a wide variation in eguilibrium
couposition with & smell change in the weight of either
of the layers. These lines were valuable for showing a
trend in the change in equilibrium ecompositions but could

not be relied upon for mny exset measurements.

More consisteant results were obtained from the
tie lines determined by analysis. These results while not

exact gave & correletion by the method used.

- The method used for correlating the tie lines has
the defect of reguiring much grester accursey in the deter-
mination of points near the one hundred percent area of
either of the two immisecible components. Also 1f there are
two immiselble pairs in the gysten there will be one point
at infinity. Both of these points sre apparent in the
system carbon tetrachloride - chlorosulfonie acid -
sulfuric acid.

Several atiempis were made to correlate the data for

the ternaries Invelved in this work to give sn indics-
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tion of the properties of the guasternsry systenm,
(2,5,8 & 12). Fene of these attempts was very suscessful
due to the limlted amount of dsta available on the

quaternary and the inaccuracy of the data,

The eriginal methods trled were those of Hunter (8)
and Smith (18) but the work of Franecls (5) showed that
these methods were valid only if there was one immiscible
pair and if the egquilibrium curves were nearly parallel
to the sides of the trisnguler dlagrams. Sinc¢ the system
investigated has two immiscible pairs it would appesr
that more extensive datas is necessary before the equilib-
rium curve can be determined.



Reaction Data

Two resetions were carried out to determine the
effect of the presence of the solvent and the presence
of salt on the resction when stoichiometrie smounts of

the resctants were used.

In both of the reactions the material balances were
péar‘ This was due in part to a small erupiion in each
reaction which esrried liquld through the condenser and a
fine spray of liguid which issued from the top of the
condenser during the resction even when the nitrogen

sparging was stopped.

The reactions were carried out in & separstory

| funnel to obtsin data on resction rates by separsting
the scid and solvent layers of the reaction after 2
specified time, This did not prove feasible because in
Run 36 the layers did not separate readlly after the
agltation was stopped and Run 37 set up into a2 so0lld mass
on standing.

There was no ceooling on the reaction except that
supplied by the condenser. The temperatures therefore
approached the reflux temperature of the solvent which
is sbove the 20-25°C given in the literature.
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In future resctions 1t was planned to carry out the
work in a sultable reaction kettle or flask which would
be cooled by a water and lce bath., The reactlion would be
stopped when obtelining rate data by drowning the reaction
mass with water st the proper time. It was also planned %o
determine the amount of benzenesulfonic acid formed by
neutralizing the acld layer with ammonia to precipitate

benzenesulfonamide.

In both resctions there was e lsrge percentsge of
bengzene which was unaccounted for by losses if it were
assumed that the benzene losses were of the ssme order of
magnitude as those of ecarbon tetrachloride. It is possi-
ble that this benzZens can be sccounted for by the forma-
tion of benzenesulfonie acid which has a high water solu-
bility and would mot be recovered in the benzene extraction
of the water layer.

There were indications of a small smount of unreacted
benzene during the sclvent stripping. During previous
strippings the head tempersture of the still dropped
several degrees at the end of the emrben tetrachloride cut
but in Runs 36 & 37 there was a slight rise in the tempers-
ture before it dropped at the end of the carbon tetrachlor-
ide cut,



¥o definite conelusions sbout the resction easn be
made at the pregent time. It sppesrs that when stoichic-
metric amounts of the resctants ere comblned et high
temperatures, sbove 50°C, large amounts of by products
are formed.



The ternary system carbon tetrachlorids -
chlorosulfonic ascid « sulfuric acid is composed of two
single phese regions separated by a two phase region
which is bounded by smooth curves.

The ternary system benzenesulfonyl chloride -
chlorosulfonic acid - sulfuric acid is completely

The ternary system benzenesulfonyl chloride -
carbon tetrachloride - sulfurie aeid contains one
immiscible pair and its two phase reglon is bounded by

g smooth curve.

The quaternary system under investigation will be
useful in the chlorosulfonstion of benzene only if all
of the benzene is consumed in the reasctlon, If all of
the chlorosulfonic zc¢id is eonsumed leaving excess
benzene in the system it would become necessgary to
investigate the quaternary benzene - benzenesulfonyl
chloride - carbon tetrachloride - sulfurie #0%4. This at
the present time does not appesr to be necessary due to
the fact that in present batch operations an excess of
chlorosulfonic acid is necessary to attaln the desired

product in reasonable yields.



If it is found that the addition of salt to the
reaction to remove the sulfuric acid as it is formed is
sdvantageous in increasing yields it will become necessary
to investigate the systems which would result if sulfurie
s¢ld were replaced by sodium acid sulfate.

Mach more work is required on the reametion to deter-
mine rates, and the ratios of reactants reguired to obtain
optimum yields and recoveries. This informstion will also
be helpful in deslgning the reaction equipment.
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