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Formation of Acid-base Neutralisation Complexes
in Sulphuryl Chloride

Ram Chand Paul, Sarjit Singh Sandhu, and (Miss) Saroj Bala Vij

Formation of acid-base neutrslisation complexes of solvo-acids and solvo- and ansolvo-bases in sulphuryl

chloride has been investigated with a view to elucidating the polar character of sulphuryl chloride. The
results obtained confirm the viewa of the earlier workers.

Guiman' from astudy of the conductance of the Lewis acids antimony pentachloride,
titanium tetrachloride, and stannic chloride in sulphuryl chloride has concluded that these
combine with Lthe solvent molecules to form solvo-acids. From a study of the conductance
of the tertinrybase pyridine in the same solvent, he concluded that it reacted with thesolvent
molecule to form a solvo-base. From this behaviour and from the conductometric titra-
tions of solvo-acids and solvo-bases, lie has pointed out that sulphuryl chloride ionises as

80,01, == SO0,C1*4Cl-

The present work describes the formation of acid-base neutralisation complexes of

solvo-acids and solvo-and ansolvo-bases insulphuryl chloride to elucidate the polar charac-
ter of sulphuryl chloride and to confirm the viows of earlier workers.

With the Lewis acid antimony pentachloride in the solvent sulphuryl chloride, com-
plexes of isoquinoline, guinoline, pyridine, <-and B-picolines, and dimethylaniline have
been prepared. Antimony pentachloride has already been used as a solvo-acid in phos-
phoryl chloride? and in arsenic trichloride® where it has been shown to act as a mono-
basic acid. The organic tertiary bases combine with sulphuryl chloride molecules to give
solvo-bases. The formation of neutralisation complexes between the Lewis acid antimony
pentachloride and the bases isoquinoline, quinoline, pyridine, x-and B-picolines, and
dimethylaniline can be represented as follows:

8bClL, + SO.Cl, ——- SbCL.80,Cl, === SbCl+S0,01*
Lewis acid. Solvent Solvo-acid Tonisation of the solvo- acid.
B480.Cl, -+ B.SO,CL, == CI"+BSOClIt

Tert. base Solvo-base Ionisation of the slovo-base.

SbClg+80,C1t+CIm+B.80,Clt —— = 50,Cl,+B.S0,CL8bCls
Neutralisation complex.

1. Monatsh., 1954, 85, 393, 404.
2. Gutmaan, Z.anoryg. aligem. Chem., 1952, 270, 179; Monaish., 1954, 85, 1077.
3. Gutmann, Z. anorg. allgem. Chem., 1951, 266, 331, Monalsh., 1933, 84, 1191.
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Thus the formation of the neutralisation complex is due to the combination of
80.Cl* and CI™ to give only feebly ionised SO,Cl, molecules. Complexes of this structure
" have been isolated from the tertiary bases isoquinoline, quinoline, and pyridine. In the
cases of «-and A-picolines and dimethylaniline, the complex molecules lose 3 moleoule
of the solvent to give desolvated complexes of the type B.SbCl;. The desolvation can be
represented as:

BSO,C1SbCl; —— B.ShCl,+ SO.CI,

Stannie chloride has a tendency to form liexachlorostannate ions which makes it &
powerful Lewis acid. Gutmann® has used it as & solvo-acid in sulphuryl chloride during
the study of conductometric titrations in this solvent. Titanium tetrachloride also hasa
similar tendency and forms solvates in various solvents, e.g., phosphoryl chloride3,*
and acetyl chlorides, Gutmann'"? has used titanium tetrachloride in sulphuryl chloride
a8 a Lewis acid. The formation of solvo-acids in the case of both the tetrachlorides
can be represented as:

MC1,+280,C1, — MCI,.250,Cl, == MClg*~4 280.Cl+

Formation of neutralisation complexes between these dibasic acids and mono-acid
bages can be represented as :
MClg" +250,C1* +-27B.S0,Cl*]+2C1- —— 2S0.Cl,+2.B.50,CIL.MCl;
The complex may be desolvated in two stages to give the complexes of thefollowing
composition:
2[B.80,C1]. MCl;—80,Cl, —> B.SO,CLB.MCI,

2[B.SO0.Cl].MClg—280,Cl, ——> 2B.MCl,
Quaternary ammonium chlorides will ionise in this solvent as:
QCl == Q' + OI”

i.e., these will directly inerease Cl™ jon concentration in the solution and will thus act as
ansolvo-bases. Formationof complexes between the dibasic solvo-acids and ansolvo-bases
{quaternary ammonium halides) can be represented as :

250,Cl* + MCle—+2Q++2CI- —>  2Q.MCl+280,C],

In these complexen also the formation of the feebly ionised solvent molecules is res-
ponsible for the complex formation and in fact represents the neutralisation of the acidie
species with basic species, both peculiar to the solvent.

In these compounds the tetrachlorides act as dibasic acids and these complexes cor-
respond to normal salts. These normal complexes, however, dissolve on the addition of
more of acidic solution to form probably the acidic complexes which are highly soluble
and cannot be isolated. The formation of the acid salts can be represemted as:

2B.S0,CL. MCls + 250,C1MCl; — 2(B.SO.Cl. 80,1 MCl;)

4. Gutmann, Z. anorg. allgem. Chem., 1952, 269, 279.
5. Manhas ef al., J. Chem. Soc., 1050, 325.
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where B represents e tertiary organic base, M represents Ti or Sn, and Q, a quaternary
smmonium chloride.
e

The process of desolvation may not bring about a change in the co-ordination number
of titanium and tin and may be due to the space and energy requirements. The process may
be represented as:

oo o 01\‘?1 o
2[B.S0,CI*). Cl—M—Cl — B.SOLCI. | + 800,

a” Na o’ [ \B |

! — —

Partly desolvated complex.

— cl —_
|
— B—M—B + 280,01,
ol Na

Completely desnivated complex.

whereas in the case of antimony pentachloride complexes, the desolvation can be represent-
ed as:

Loa e ', cl cl
BSOCI*. : Cl—§b—Cl : —> B—Sb—Cl + S0,Cl,
I c” \a | ¢ \a

Degolvated complex.

The various ncutralisation complexes isolated are recorded in Table I.

EXPERIMENTAL

Sulphuryl chloride was fractionated in an all-glass standard joint apparatus and the
fraction distilling between 67° and 69° was collected. The distillate was kept over a
little mereury overnight to remove free Cl, or HCL. It was distilled over mercury and
the fraction distilling at 68-68.5° waa collected. It wasdistilled immediately before use at a
take-off ratio of 1:10.

Titanium tetrachloride was kept over copper turnings toremove free chlorine present
and it was freshly distilled over copper turnings in an all-glass apparatus in an atmos-
phere of dry nitrogen before use, The fraction distilling at 132.5°/7356 mm was collected.

Stennic chloride was prepared by the action of dry chlorinegas on tin metal. Pure
tin (100 g.) was taken in a retort, equipped with a long air condenser and a receiver having
a calcium chloride guard tube to protect the product from moisture. A current of dry
chlorine gas was passed slowly and the flask was heated gently on alow flame. The reaction,
being exothermic, does not require continuous heating. The yellow fuming stannic chloride,
thus formed, was collected in the ice-cooled receiver. The distillate was treated with pure
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tin to remove free chlorine. The colorless liquid was fractionated in nitrogen atmosphere
and the product coming at 113-14°/ 742 mm was colleeted (yield 175 g.)

Antimony . pentachloride (Riedel-Dehaen Ag. Sulze Hanover) was used as such.
since there were chances of its being dissociated into trichloride during distillation.

Quinoline (35 g.) was dissolved in 200 ml of dilute hydrochloric acid (1:4) and the
solution heated to 60°. A solution of zinc chloride (23 g.) in hydrochloric acid (125ml)
was then added dropwise when a white complex separated. The reaction mixture was
cooled to room temperature and crushed ice was added. The mixture was thoroughly

- stirred. The precipitate was filtered and washed with dilute hydrochloric acid.

The complex was then suspended in a small quantity of water and 10%, NaQH solu-
tion wasadded dropwise till the solid was completely dissolved. A layer of quinoline separa-
ted which was extracted with ether. The ethercal lnyer was separated and the ether
distilled. The residue was fractionated over KOH and the distillate coming at 227-30°/734
mm was collected. It was then kept over KOH beads and was freshly distilled in an

all-glass apparatusin an atmosphere of dry nitrogen. The fraction boiling at 228-29°/734 mm
was collected for usc.

Pyridine, - and S-picolines. dimethylaniline, and isoquinoline were purified by
refluxing over KOH beads for about 2 hours. These were then distilled in an atmosphere

of dry nitrogen and fractions boiling at the following temperatures were collected in
glass-stoppered bottles.

B.P. B.P.
Pyridine 112.5°/737 mm Quinvfine 228-29°/734 mm
o{Picoline 125.5-26°]735 Isoquinoline 232°1937
pB-Picoline 143°1742 Dimethylaniline 192.5-03°/732

Triethylbenzylammonium chloride was purified by crystallisation in a dry atmos-
phere from absolute ethanol at about 60°.

The complexes were prepared by dissolving the acids and bases insulphuryl chloride
in fixed molar proportions and cooling the mixture in an ice-bath for some time
for complefion of the reaction. The filtration was carried out in a dry atmosphere in a
sintered glass funnel. The complex was washed with pure dry benzene and dried in
vacuum. The sample was analysed for chlorine by Volhard’s method, antimony estimated

iodometrically, and nitrogen was estimated by Jackson and Smith’s method®. Tin and
titanium were estimated as their dioxides.

In the case of complexes No.7, 14,15, and 20, there seems to be an admixture with
the inert solvent which could not be removed. In consequence, the analytical results are
low, but the ratio metaljCl is correct in these cases. Complex No. 18 (diguinolino-tita- -
nium tetrachloride) has been obtained by subjecting complex No. 17 to vacuum.

6. J. Amer, Chem. Soc., 19840, 62, 544.
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