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A series of experiments were cenducted to determine the efficiency
of the sulfoastion of chlerobeuzene by equimolar proportions of sul-
furie acid in variows ergamic medin under azeotropic conditions. The
efficiency of the system was shown to be time dependent, and based upon
the conditions and, yields of 20% were obtained.



44

i1x

¥i

INTRCOUCT T08

OBJBCTIVE

EQUIPNENT AN MATERIALS
EXPER DEENTAL

CONCLUS IONS

10

14

i



Experimental Conditions of Sulfoaation
of Chlorobenszene

Mode of Reuctant Addition

Comparison of Aseotrope with Nea-
Azsotrope Experiments

15

17

i8

i1



Equipment Set-Up

Couparison of Ameotrope Effect With/Noa-
Aawotrope Effect

Yield A a Function of Time

19

iv



I. JNRMUCIION

Sulfonic scgids ave primerily of value for their wse in the pre-
paration of intermedistes for dyestuffs. In such application the sulfo
growp enhances dyestuff coating and wwtting properties because of its
property of imcreasing the water selubility of a eompound. The free
agids are of about the same asidie strength as sulfurie seid; with p-
chlorocbensene sulfonio acid being a low melting hygrosecopic solid with
s melting point of appreximately 689C.

It is wsually diffieult to iselate the sulphonic scids dws to their
grest solubility in water and their relative nen-velatility. Fer prag-
tisal usage, the isolation of the acids is not attespted, since the
salts underge the desived synthetic resctions useally obtaimsble with
the free acid. |

Aromatic sulfonation is wost commonly accomplished by trestment of
the aromatic by comcentrated sulfuriec seid or olemm. It iz assumed that

fonization of sulfurie seid oscurs and rescts as fellows:}
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+
2H-0-800-0H —— 2HO0-302-0H + HSO4

I,

2HO + 592-—* Ol

+
The positive ion S0,-OH is the active electrophilic agent which attacks
the aromatic nucleus at the position of highest electron density during

the reaction,

- 4
-— S04-OH
b ~ \So‘a" _Hio_fLA
l))’;‘— SO oh ~—— l + -~ | + H'LSOQ.
H

In general, there is a marked decrease in the activity of a chlo~
rine atom adjscent to an aromatic nucleus. The explanation involves
resonance and is move descriptively explained in terms of w bonds.
Since a 7 bond leads te a considerable attraction between the bonded
atoms, a carbon-carbon double bond is stronger than a carbonegirbon
single boud. However, a 1w bond is weaker than a < bond, therefore, a
carbon-garbon double is less than twice as strong as a ¢arbon-carben
single bond. On this basis, it is easier to break the 7 compeonent of

a double bond (which is thereby converted into a single bond) tham it
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iz to bresk a siagle bond of the J'type. The strong permsnent in-
ductive offect of electron attraction exerted by the chlorine atom

" on the bensene nucleus by reduoing the elestron density of the entire
benzens nucleus, causes a partial loss of the v bond influence. This
lesssaing of v bond effest and grester dependence wpom the < bends
renders chlorobensene more resistent than benzens to the electro-
philic attack of sulfounstien. Electron diffraction stuiies of chlore-
bensenes indfcats a shortening of the usual aliphatic C-Cl bond about
0.06 A, corresponding to sbout a 15% double bomd?.

While the electres density of the entire aromatic nucleus is low
making an attack by an electrophilic reagent difficult, the refer-
ences pars position is desctivated the least, resulting in the pre-
ferantial formation of para-chlorcbensess sulfonie seid.d

In stendard laboratory preparations shlorcbenzems is sulfonated
slowly with cencentrated sulfuric scid at 100°C, 4 o with oloun® of
various conscestrations at faster rates and reduced tenperstures. The
preferred conditions are: emough 10X olewn to contain ome mole of sul-

fur trioxide per mole of chlorebensens and at a temperature of 00°%.°
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Chlorobenzene when heated with 20% oleuwm at 300°C gives chiefly the
345 disulfonie acid.” Ona commercial basis monochlorobenzene vapor
is continuously passed into the bottem of a column containing a flow
of hot (2629C) 95% sulfuric acid (approximately four moles of acid
per mole of chlorobenzene) ylelding a mixed product of monosulfonic
acid and sulfone.® Calculations indicate the yield of p~-chlorobenzene
sulfonic acid based on chlorobenzene to he approximately 355-58%, and

based on sulfuric scid the yleld is approximately 14-15%.

The sulfonation of chlorobenxene by sulfur trioxide in nitro-
benzene is second order at 25° to 100°C with respect to sulfur tri-
oxide. Sulfurie acid retarted the reaction at lower temperatures but
not appreciably at higher temperatures. The reaction was retarded by

compound formation between sulfur triexide and the sulfonic acid.?

It is noted that from the form of the equations on page ] that
sulfonation is different from ordinary substitution reactions due to

the reversibility ef the reaction.

The easiest and most economical methed of controlling the equili-

brium and forcing the reaction to completion is to remove one of the
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products. In the case of high boiling reactants, this can be accom-
plished by simply allowing the water to distill out as it is formed.
When either reactant iz volatile, however, the distillation problem
is more complex. Advantage may be taken of the fact that carbon
tetrachloride, chloroform, etc. form ternary constant boiling mix-
tures with water and chlorobenzens, whereas they do not form binary
constant beiling mixtures with dry chlorobenzene., Ths phase con-
taining carbon tetrachloride and chlorobenzene is continuously re-
turned to the reaction mixture from am automatic separator as shown

in Figure 1.

If the chlorobenzens is itself used as the azeotropic agent then
the reaction should be accompanied by excess sulfone formatiom, a pro-

cess which is favored by an excess of the hydrocarbon.

Previous work on sulfonation of ehlerﬂbaazaaé.iadieatnd that the
control of the reaction at approximately 60°C produced p-chlorobenzene
sulfonic acid concurrent with the reduced formation of 4-4' dichlore
diphenyl sulfone. 10 s temperature along with consideration of pre-

viously mentioned azeotropic conditiens suggested the use of carben
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tetrachloride, chloroform, and carbon disulfide respectively as re-

action media,

The use of equimelar quantities of sulfuric acid and chloro-
benzene serves two purposes. First, this lessens use of sulfuric
acidy amd consequently is expected to increase the economy of the
reaction. Secondly the use of excess sulfuric acid is undesirable

since it promotes palysubstitutian.s
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II. QRJECTIIVE

The objective of this work is to u&ertain\wheth&t any advantage
is gained by the use of azeotrops conditions in the preparation of
p-shlorobenzene sulfonic acid when equimolar propertions of chloro-
benzene and sulfuric acid are used. This is not an attempt to realize

the highest yield but rather a study of the efficiency of the methed.



IXI. EQUIPMENT AND MAIERIALS

The equipment was set as per Figure 1. Heat was supplied with 2
powerstat controlled electris heating which was set at a constant
setting for each group of particular experiments. The flask was a
four-neck 500 cc. flask equipped with a teflon blade stirrer, thermo-
meter, and dropping funnel inlet, and a reflux or azeotrope outlet.

The cooling water in the condensor was set at a rate fast emough to
force condensation in the lower quarter of the condensor so as to mini-

mize loss of vapor,
The materials used were:

A, Chlorobenzene - Fisher Scientific Company. This material
was redistilled and the fraction beiling at 131.132%

was collected and used in the experiments.

B. Sulfuric acid - J. T. Baker Chemical Co. Assay 97.1%

H2S04. Used as received.

C. Carbon tetrachloride - J. T. Baker Chemical Company.

Technical grade. Used as received.



D.

E.

G

Chloreform « J. T. Baker Chemical Co. Technical grade.

Used as received.

Carbon disulfide - NM grade Fisher Scieatific Company.

Used as received.



~10-

IV, EXFERIMENTAL

An experimeut typieal of the mamuer in which all wers conducted is
described as follows: With the equipment set up as per Figure 1, 3%
¢c. of carbon tetrachloride diluent was added to flask A. The stirrer
B and elestric hesting mantle H was set in operation. When the carbon
totrachloride resched reflux tewperature, as evidenced by condeasate
collecting in trap Gy 51 e (0.5 mole) chlorpbenxene in E and 27 ¢ (0.5
mole) sulfuric acid in D were added simultamecusly over a five mimute
period. The condenser couling water was adjusted so that _tho vapors

| condensed in the lower quarter of the comlenser. The condensate dropped
inte trap G where the water and carbon tetrachloride separated and the
heavy carbom tetraghleride flow continuously back iate flask A. The

temperature was read from readings of thermometer C and recorded.

When the desired reagtien time was complete the electric hesting
mantle power was shut off and the stirrer continwed for another five
minutes to allow for coeling below the reflux tempersture. The re.
sction mixture was slowly stirred futo 500 oc water te dilute the acid

and wash traces of sulfonmic acid out ef the warm carbon tetrachloride.
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The water and carbon tetrachloride layers are separated by the use
of a geparatory funnel and the orgamic layer washed twice with 50 ce
water. The water layer and washes are combined and treated with a siur,ry
of technical calcium hydroxide until the mixture is permanently basic te
1itmus paper. The slurry, comtaiming a precipitate of calciwm sulphate
and undissolved calcium products from the technicsl calcium hydroxide
slurry, is filtered and the filter cake washed with two 100 cc water
washes. The filtrate contains excess dissolved caleciwm hydrexide and
is treated with an excess of carbea dioxide to form caleium bicarbonate.
The solution is heated and the volume reduced to 600 ce. At this peint
all soluble oaleiwm bicarbemate has been converted to relatively ine
soluble calcium carbonate amd the solution is filtered leaving a water

solution of the soluble calcium salt of p-chlorobenzene sulfonic acid.

The filtrate is divided inte three portions and evaporated slowly
to dryness. Care must be taken to evaporate very slowly im the finmal
stages to prevent bumping or spattering of the salt. The yield is cal-
culated on the basis of (Cl-Coll4-S03)2Ca. The water of crystallization

is lost in drying when the evaporation is carried out with care.
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Varions sumples of the calciwm salt isolated were plased in cupi-
1laty tubes and hested in a Venderkemp "Malt-Peister". It wes observed
thet samples previeusly dried sarefully st 150° - 200°C showed ne signs
of water vapor condensatien iR the ceoler wpper pertiems of the eapillary
tubes upon Meating. Hewsver, smples dried st temperatures w to 100%
nnder redused pressure showsd signs eof water vaper comiensation in the
sapillery mn

Examination of the carbon tetrachloride layer by distillation amd
mnua M sarescted, chlorobenxens, traces of p-chlorebensene
sxifouyl shloride, trases of beasens sulfonyl ehleride uad less than 2%
444’ dichlorophenyl sulfene. The sulfeayl shlorides were enly found in
instances whexe carbon tetrachlovide was used as the erganic diluent and
a alight oder of phosgens detected. The formaticn ef phesgens and the
sulfonyl chlerides way be explained by the t»lim equations:

I, Cl-Gglis ¢ HaS04 — (Gollp + Cl30gH
2. CgHy + ClS0gH + CCl4 — CaligS02C1 + COCIg + HCL
3. Cl-Colg + C190gH ¢ CClq —Cl-Cglg802C1 ¢ GOClg + HCL

Varfations were used in the mode of addition of the reactants, and
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the results ave shewn in Teble 1IX.

In oxder to ascertain how much of the yield could be attributed te
the effect of aseetroping, & series of experiments were gomiwoted where-
by the reastion mixture wos mevely refluxed with mo attempt being made
to trap the water out of the vaper or condensate. To determine whethar
hest pluysd the majsr part rather then aseotreping, ruas were sonducted
with the ssme resctauts and sontact time but at romm temperature. Com-

parisen of the yields is shewn im Tuble XII.
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V. QONGUSIONS

A comparison of data indicates that Azeotrope conditions faver in.
creased yields of p-chlorcbenzene sulfouic acid when chlorobenzene is
treated with equimolar quantities of sulfuric acid. The yields de not
approach theoretical, but it is felt that the azeotroping-time conditions
are not strong enough to remove enough water to swing the equilibrium
beyord the point reached in these experiments. If the azeotroping-time
conditions are strengthened, by better azeotrope agents and inoreased
time, it may be assumed that larger yields of p-chlorobenzene sulfonic
acid would be attained. Conditions may also be shifted to faver ine
creased formation of 4-4' dichlorophenylsulfone and subsequent reduction
to the desired sulfonie acid wpon continued removal of water from the

sulfuric acid mixtures.

The efficiency of the system as used appears to produce ylelds of
approximately 20%.



"TABLE I

EXPER IMENTAL CONDITIONS OF SULFONATION OF CHLOROBENZENE

Wt, Ca Salt
Exp No. M CgHsCl M HoSO4 Media  Temp, °C  Time brs, Grams, % Yield

C~1 0.5 0.5 A 79-82 0.5 6.2 2.9
Cm2 0.5 0.5 A 982 2.0 14.0 6.6
c-3 0.5 0.5 A 7983 6.0 2.0 10.9
C-4 0.5 0.5 A 79-83 10.0 31.8 15.0
C-7 0.5 0.5 A 79-83 12.0 41.0 19.4
C~8 0,25 0.25 A 79.83 12.¢ 43.0 2.1
c~9 1.0 1.0 A 7983 12.0 39.1 18.5
C-10 0.5 0.5 A 7982 0.5 9.8 4.6
Cw1l 0.9 0.5 A 79-82 1.0 10.0 4.7
C-12 0.5 0.5 A 1982 2.0 14.4 6.8
C-13 0.5 0.5 A 79-82 3.0 16.4 1.7
C-14 0.5 0.5 A 79-83 3.0 17.2 8.1
C-16 0.5 0.5 A 1983 3.0 2.1 9.3
Cm17 0.5 0.5 A 7983 8.0 4.2 11.4
C~18 0.5 0.5 A 79-83 13.0 42.4 2.0
D1 0.3 0.5 B 6066 0.5 4.0 1.9
D-2 0.5 0.5 B 60-66 1.0 3.8 2.7
D3 0.5 0.5 B 6066 3.0 9.8 4.6

~e1-



TABLE 1 Comt'd)

. | Wt. Ca Salt !
Exp No. N CuisCl M HSOq Medis Temp. °C Time hrs. Grams. % Yield
D-4 0.9 0.5 B 60-66 6.0 17.2 8.1
D-5 0.5 0.5 B G0-66 12.0 30.3 14.3
E-1 0.5 0.5 c 48-50 1.0 0.5 0.2
E-2 0.5 0.5 ¢ 48-50 3.0 2.9 1.4
E-3 0.5 0.5 c 48-50 6.0 3.8 1.8
E-4 0.5 0.5 c 48-50 12.0 7.1 3.4

A = carbes tetrachloride
B = chloreferm
C = carboa disulfide

-9‘-



IMmLE 11

RODE OF REACTANT ADDITICN

Tine of Tine of Time of Yisld of
Exp. He.  HS04 (mim)  CglisCl (mfn) Rus (r)  Caleium Salt  Yield %

C-2 S S 2.0 14.0 6.6

C-3 S 5 6.0 2.0 10.9

G.l 5 . m 2.0 «“..3 5-6‘

6-2 =) 0 6.0 3.8 11.2

Ged 30 3 2.0 .1 6.7

G4 0 5 2.0 2.2 10.5
0.0 mele iS04

- Constant
0.5 mele ColisCl

“LI-



TMLE I1I

CONPARISON OF AZEOTROPE WITH NON-AZEOTROPE EXPER IMENIS

Exp. MNe. Time of run (hrs) Tewp. °C.  Wt. of Calcium Salt Yield ¥ Remsrks

F-1 12.0 20-25 8.7 4.1
F-2 12.0 20-25 6.8 3.2
Fe3 1.0 20-25 1.2 0.6
F-4 6.0 225 4.3 2.0
F5 12.0 9-62 2.2 13.8 Refluxed, no water trap
Feb 1.0 79-82 8.1 3.8 Refluxed, no water trap
F-7 6.0 9-02 17.9 8.4 Refluxed, no water trap
-7 12.0 79-83 41.0 19.4 Azeotroped w/water trap
c-i1 1.0 ™-02 10.0 4.7 Azsetirvoped w/water tyap
c-3 6.0 79-63 23.0 10.9 Azsotreoped w/water trsp

B e e e e e e e e e i e e

0.5 N804 Constant
0.5 G501 Conditions

3% cclg

)



ig. 1. EQUIPMENT SET-UP
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Fig. 2. COMPARISON OF AZEOTROPE EFFECT WITH NON-AZEOTROPE EFFECT.
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