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tween the composition of Solid Solution A and
Na2C03.
TasLE 111
THE SYSTEM Na;C03-Na;SO~NaOH-H,0 art 100°

Solution Wet residue
composition, composition,
weight per cent. weight per cent.
Naz- Nas- Na- Naz- Naz- Na- Solid phase
Soln, CO:r SC¢ OH CO; SO: OH® identification
Univariant Line A
1 28.3 3.2 0 49.8 37.3 0 NaCO0sH:0, $.8
2 28.¢ 3.1 0.9 53.5 24.5 1.0 Na:COsH:0, 8.5
3 26.4 2.9 2.5 54.6 22.0 2.5 NaCOsH:0, S.S.
4 25.4 2.8 2.6 61.6 23.8 0 Na3;COsH:0, S.s.
5 23.3 2.6 4.2 .. . .. NaiCOsH0, S.8,
6 23.8 2.5 3.8 62.6 184 0.9 NaCOsH:0, S8
7 21.5 2.3 5.4 56.9 16.8 2.3 Na,COsH:0, S.S,
8 17.9 1.9 8.6 67.1 13.6 0.6 Na:COsH:0O, S.5.
9 17.4 2.0 8,7 61.5 15.3 1.6 Na:COsH:0, S.5.
10 4.0 1.7 12.0 8.7 12.6 © NaCOs HO, 8.5,
11 10.8 1.2 15.4 .. o .+ NaCOsH:0, S.5.
12 8.0 0.8 18,9 552 8.3 0.2 NaCOs:H:0, S.5.
13 5.0 0.6 23.2 30.9 7.1 9.2 NaCOsH:0, SS.
14 3.2 0.5 269 51.9 6.8 11.0 Na;COs:H:0, S.5.
Univariant Line B
1 4.0 26.6 0 19.3 70.5 0 NazSOs, 8.8,
2 3.4 24.5 1.5 18.3 71.8 1.8 Na2S04 S.S.
3 3.0 21.8 3.4 .. . e e
4* 2.9 21.9 3.3 15.2 84.8 0  NasSO0S.S.
5 2.4 19.86 5.1 15.3 78.8 0 NagSOs. 8.8,
6 2.2 17.3 7.0 12.9 79.7 0.4 NasSOy S.S.
7 2.5 11.7 11.8 .. . .. NasS0 S.S.
8 2.1 7.5 18.3 12.0 73.5 0.2 Na04 S.S,
9 2.3 4.7 21.4 12.9 71.9 2.6 NasSO4 S.S.
10 1,3 2.0 30.4 11.0 63.6 8.0 NasSO« S.S.

o NaOH calculated by difference. * Solution 5 given 68
hours agitation time, all others 20 hours. ¢ Solution 3
given 68 hours agitation time, all others 20 hours.

Similarly along line "B’ the extrapolated tie
lines intersected the Na,SO4~Na,CO; axis at
points between NasSO, and Solid Solution B.  No
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attempts was made to study completely the com-
position of the solid phase in the area of xNu,SCy
Na,CO; which covers the major portion of the
diagram, since it was felt that an adequate
estitnate of this composition could be made by
utilizing the data illustrated in Fig. 3.

Acknowledgment.—The authors wish to ex-
press their appreciation to Albert Kauffnian and
Howard Jaffee of the Petrographic Departinent
at this station for doiug the microscopic work,
aid to Richard A. Brown, Chemical Fugiieer,
i charge of the Alkaline Alumina Proicer, and
John E. Couley, Chief of the Chemic ! Dugincer-
ing Uunit, for valuable suggestions and criticisis
during the iuvestigation.

Summary

1. The wajor portion of the 4-corprutent svs-
tem NayCO;-NaySO~NaOH-H.O at 100° has
been determined, involving the deterniivation of
parts of the three related 3-component systems,
namely: (1) Na,CO;-NaOH-H,;0 (2) NSOy
NaOH-H:0 and (3) NasCO;-N2.50,-11,0 at the
same temperature. Ordinary cheinical methods
were used in solution and solid phasc analses and
the petrographic mticroscope was cwmpliveld to
identify the solid phases.

2. In this system for the conceutration range
studied, three flelds were encourntered which are
Na,CO;-Hy0, solid solution of the varving com-
position, (1.4-2.2)NasSOsNayCO; and NaS(

3. The results of this study are precent
veniently on a ternary
stant total discolved solids.

Ruceived NovEMBER 23, 1945
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Dipole Moments of Linear and Cyclic Polymethylpolysiloxanes

By ROBERT O. SAUER AND DARWIN J. MEAD

In connection with an extended study in this
Laboratory of the physical properties! of polysil-
oxanes we have had occasion to investigate the
dielectric behavior of the pure liquid polymethyl-
polysiloxanes reported recently by Patnode and
Wilcock.? We sought to gain an. insight into the
structure of the polysiloxanes, and we hoped, in
particular, to obtain at least an approximate value
for the silicon—oxygen-silicon bond angle from the
dipole moments computed by means of Onsager's
equation.? Uponevaluation of the accepted physi-

(1) The properties so far discussed include: (a) crystal habit and
configuration [Burkhard, Decker and Harker, THI$ JoURNAL, 67,
2174 (1945)]; (b) molar volume and viscosity [Hurd, ibid., 68, 364
(1948)1; (c) vapor pressure and viscogity relations [Wilcock, ibid. 68,
691 (1946)]; (d) molar and group reﬂ'iction [Sauer, ibid., 68, 954
(1948)].

(2) Patnode and Wilcock, THis JOURNAL, 68, 358 (1946).

(8) Onsager, TKIs JOURNAL, §8, 1490 (1936). Béttcher [Physica.
6, 59 (1939}] has analyzed a large amount of experimental work in

cal constants appearing in this equation it reduces
to
2 4+ n?
2= (.0482 X 10736 I:I LA R
# X eni T Ep

4 j’ {e. s u)
= 0
at 20.0°, in which

1 = dipole moment (gas phase) of tiwe woleeide

I’ = thc wolar volume

e = diclectric coustant of the pure liquid substance, and
n = the refractive index

Although, according to Ousager, the refractive
index should include the contribution of the atouic
polarization as well as that of the electron polari
zation we have set # = n¥p. Equation 1 may e
condensed to the forin

o = 0220 X 10~B/P* (e. 5. 1) ()

the light of the Onsayxer formula. 1n general, results are obtajueil
which check well with those found by thie usual methods.
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in which P* represents the quantity in the brack-
ets,

Our attention has been called to the fact that
the oxygen bond angle in cristobalite has been de-
termined! and found to be in the neighborhood
o 150°. “There exists the definite possibility that

it bond angle in the polymethylpoly-
1ies g bt sinsdlarly have a value in the range
150 = 10°. Since such a value would be some-
what atrvuriance with the accepted valence geoni-
etry of the oxygen atom as shown by the simpler
colpowtds, Jor example, water, oxygen fluoride
und dunethyl ether, it seemed of some interest to
interpret our dieiectric constant data from the
structural point of view.

W ilso wished to examine the dipole moments
of the linear compounds (CH;)sSi[{0Si(CHs)slg-
CH; as a function of g, the number of oxygen
atows per imolecule,  Of interest in this connection
is the apparently well-established equation

w=CVg 3)

in which ¢ is the nuinber of equal dipoles per mole-
cule and  is a constant usually associated with
the value of the individual group monients. Equa-
tion 3 has been found generally valid for the «,w-
dihiydroxvalkanes® (alkylene glycols), the a,w-
dibromoalkanes® (alkvlene dibromides), a number
of cellulosic 1naterials® and peptides,” the poly-
meric internal esters of w-oxyundecanoic acid,®
and for certain of the vinyl type polymers, such as
polychloroprene® and polyvinyl acetate. &*

Experimental

Starting Ma-erials.-~ Qur samples of the compounds
(CH;3),S1[{CSi1{CH;)s], CHs, ¢ = 2, 3, 4and 5, and [(CHy)e-
8i0lq, ¢ = 4. 5, 8, 7 and 8, were kindly provided by Dr.
Winton Patnode of this Laboratory and were portions of
th.e same materials used by Hurd!® for his density and vis-
cosity studies,  The dielectric constants of these com-
pounds were measured as received, and the molar volumes
tound by Hurd were used in our calculations. The hexa-
methyldisiloxane was prepared by hydrolyzing trimethyl-
chlorosilane of about 989, purity (as shown by chlorine
analyses) without solvent, distilling the water-insoluble
layer froni phosplioric anhydride, and carefully refraction-
atinig the distillate in a column of about 15 theoretical
plates. The densities, d¥; (vac.), and refractive indices,
7, of the two samples used in our work were: (A)
0.7638, 1.3772; (B) 0.7637, 1.3774.

The micthyl silicoue oil (0~-74) was prepared by '‘equili-
brating” hexamethyldisiloxane with the hydrolyzate of
pure dintethvldichlorosilane according to the procedure of
Patnode aud Wilcock.? After washing thoroughly with
water to retiove all traces of sulfuric acid and after drying
the samnple for our diclectric measurements the following
constants were obtained: 4% (vac.) 0.9650, »%p 1.4036.

(4) Niewwenkamup, Z, Krist,, 92, 82 (1935); 96, 454 (1937).

(3) Smyih and Walls, Turs Journar, 53, 527, 2115 (1931); 64,
2261 (1932).

(6) sakurada and Lee, Z. piaysik. Chem., 48B, 245 (1939).

(7) Wyman and MchMeekin, THis JourNaL, 56, 908 (1933).

(&) Bridgman, Ti1s JoURNAL, 60, 530 (1938).

(9) Althongh not specifically stated in the paper by Svirbely and
Lander [Tu1s Journar, 67, 2189 (1945)] it appears that the dipole
moment »f Carbowax 4000 (8.91 D) is compatible with equation 3;
the value oi (7 for this substance (¢ == 86) is 1.07 D whereas 1.14 D is
the accepted value of the moment of ethyl ether [Fuchs, Z. Physik,
63, 824 (1930); Stuart, ¢bid., 51, 400 (1928) 1.
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The value of tlie specific refraction computed frome these
data (Rp = 0.2532) indicates™ an average molecular weight
corresponding to the formula (CHj;):Si[OSi(CH;):]ssCHs
(methyl-to-silicon ratio, 2.030). Our experience with such
“equilibration”” products indicates that there are substan-
tially no cyclopolysiloxanes present.

Measurement of the Dielectric Constant.—Dielectric
constants at 20.0° and 60 cycles were measured with the
Schering bridge.1112 The (guarded) cell was of the plati-
uum-glass type described by Mead and.Fuoss.’® The di-
electric losses were very low in all cases (tan 6<0.0003).
The results of our measurements and the calculated values
of P* P*/q, and uare given in Table 1.

TABLE [
Compound m
(CHj)3Si- 1720 p* X
[OSi{(CH3)21oCH:  (mls.) n¥p e’ (mls.) P*/q 1918
¢ = 1, sample A 212.5 1.3772 2.17g 11.3 11.3 ,0.74
sample B 212.5 1.3774 2.17 11.0 11.0 .73
g =2 288.4 1.3848 2.30» 20.4 10,2 .99
g =3 363.9 1.38%3 2.394 30.6 10.2 1.22
g =4 439.4 1.3925 2.455 40.8 10.2 1.40
g=25 515.0 1.3948 2,504 al.4 10.3 1.38
il 0-74, ¢ = 66  78.4% 1.4036 2.72 10,2
[(CH3):8i01]q
g =4 310.2 1.3968 2,894 24.8 6.2 1.00
g =D 386.4 1.3982 2.505 37.5 7.5 1.35
g =0 459.9 1.4015 2587 50.3 8.4 1.5%
g =17 533.3 1.4040 2.67%x 0654 .3 1.78
¢ =8 605.5 1.4060 2.74; 70.6 10.0 1,96

“¢” < 0.0009. * This quautity has been computed as
the average value per oxygen atoi.

Theory and Discussion.of Results
A glance at Table I indicates that P*/g, and
consequently u/+/¢, is approximately constant;
hexamethyldisiloxane is the only member of the
group of linear polymethylpolysiloxanes for which
a significant deviation exists. Empirically, we
then have the two relationships:

P* = 10.2¢ (mls./mole) 4)
and
u = 0.70+/g (Debye units) (85)

Hence, equation 3 is valid for these linear silox-
anes. This validity is readily explained by the as-
sumption of a large (145° or larger) valence angle
for oxygen as demonstrated by the following dis-
cussion.

In molecules of the type formula (CHj)sSi—
[0Si(CH3)2]},CH; the total moment u of the mole-
cule can be thought of as being the resultant of
certain vector dipoles of magnitude m (total num-
ber, 2¢) in the direction of and associated with
each silicon-oxygen hond, each dipole itself being
the resultant of several bond moments. The mag-
nitude of x will then be a function of ¢, of the oxy-
gen bond angle «, of the silicon bond angle 8 (ex-
cept for ¢ = 1), and of the scalar value of .
Assuming free rotation around each silicon—oxy-
gen bond and the tetrahedral angle for silicon,
i.e., cos B = —1/;, one may express the value of
p in terms of (a) the equal scalar moments m as-
sociated with each silicon—oxygen bond, (b) the

(10) Sauer, THIS JOURNAL, 68, 954 (1946).

(11) Hague, °*'Alternating Current Bridge Methods,” Pittman,
I.ondon, 1932, pp. 2414,

(12) Fuoss, THIS JOoURNAL, §9, 1703 (1937).
(13) Mead and Fuoss, ibid., 61, 2048 (1939).
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oxygen bond angle a, and (c) the number of oxy-
gen atoms in the siloxane chain (q). Thus, by ap-
plying the analytical method described by Eyr-
ing!¢ the following relation is obtained:

pt/g = 2m?® (1 + cosa)
{ 2 3 1 4 cosa

N N

The term 2m?2(1 + cos «) is seen to be the square
of the moment associated with an isolated silox-
ane (Si—O-Si) linkage, i.e., pl. Further, it is
readily apparent that as ¢ approaches infinity the
second term in the brackets of equation 6 van-

ishes. Thus, we may write
ut 4,2l tcosa 5 2
(g)q—>w = 4m 3 Fcosa '3 +fcosa ™

in which it is seen qualitatively that if cos « is
close but not quite equal to —1, equation 3 will
be valid for the higher members of this polysilox-
ane series since the term 2/(3 + cos a) will be
close to unity. On the other hand it & = 110° the
coefficient of u in equation 7 would be 0.75, and
the constant C in equation 3 would then be equal
to 0.867 u, rather than u;.

Substituting the results on hexamethyldisilox-
ane and on methyl silicone oil 0-74 in equation 7
we find that 2/(3 4+ cos @) = 0.91. This result
indicates that « is considerably larger than the
tetrahedral angle.

In order to compute the silicon-oxygen-silicon
bond angle in hexamethyldisiloxane from the di-
pole moment it is necessary to estimate the
amount of ionic character in the silicon—oxygen
bond. We have used the empirical equation

Amount of ionic character = 0.16 (xo — xg1) +
0.035 (%0 — xs)® (8)

suggested by Hannay and Smyth!' which, for
Xy — xsi = 1.7, yields 0.37 as the amount of ionic
character rather than the 0.50 estimated previ-
ously.!® The silicon—oxygen bond moment may
then be taken as 2.8 debye units (using 1.60 A. as
the internuclear separation) directed toward the
silicon atom, To obtain m, the net moment asso-
ciated with and directed along each silicon-oxygen
bond in hexamethyldisiloxane, one must subtract
an estimated 1.0 D for the carbon-silicon bond
moment from and add 0.4 D (the resultant of the
nine carbon-hydrogen bond moments) to the sili-
con—oxygen bond moment proper. The estimated
value for m then becomes 2.2 D. Two such vec-

(14) Eyring, Phys. Rev.. 89, 746 (1932).

Kirkwood, THIS JOURNAL, 68, 385 (1941).
(14a) Our original expression was of the form

/g = 2m? (1 + COSa)
1 + cos

_ cos g+1—a(c05a“2]
gl 3 Cosa Z

The Referee has indicated, however, that this may be more neatly
expressed in the closed form of equation 6.

(15) Hannay and Smyth, THIS JoURNAL, 68, 171 (1946).

(18) Pauling, ""The Nature of the Chemical Bond,'* 2d ed., Cornell
University Press, [thaca, N. Y., p. 74.

Compare also Fuoss and
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tors forming an angle of 161° with each other give
a resultant moment of 0.73 debye unit.!”

The oxygen bond angle o may also be computed
using the data on silicone oil 0-74 and equation 7,
thus

1 4 cos @
23 Feosa 049

Assuming m = 2.2 D the value of o calculated
from this relation is 161.5°. )

In Table IT we have listed the calculated values
of the dipole moments (in debye units) of the
linear molecules using equation 5 (column 2)
and equation 6 (column 3); in the latter compu-
tation we have used m = 2.2 D and a = 161.5°,
The values so obtained compare favorably with
those found (last column).

4m

TaBLE I1
Values ¢ uleq. 5) nleq. 6) u(found)
1 0.70 0.71 0.74,0.73
2 0.99 0.99 0.99
3 1,22 1.22 1.21
4 1.40 1.40 1.40
5 1.58 1.57 1.56

Because of the assumptions involved in our cal-
culations of 7 it does not appear justifiable to de-
scribe the silicon-oxygen-silicon bond angle in the
linear polysiloxanes more precisely than 160 = 15°,

For the cyclic polysiloxanes we note from Table
I that the values of P*/gq approach the values
found for the linear molecules. This fact appears
to confirm the rather obvious deduction that the
contribution per dipole in a long chain to the mean
square moment should be identical with that ob-
served per dipole in a very large ring.

Acknowledgment.—The authors gratefully
acknowledge the experimental assistance given
by Messrs. S. I. Reynolds and E. G. Chace and
wish to express their appreciation for the help
and encouragement given us by Dr. David
Harker who originally suggested to us the possi-
bility that the oxygen bond angle in the poly-
methylpolysiloxanes might be appreciably larger
than the tetrahedral angle.

Summary

1. Dielectric constants at 20° and 60 cycles are
reported for a series of linear polymethylpolysil-
oxanes: (CH;);Si[0Si(CH;),},CH;, in which ¢
has the values 1, 2, 3, 4, and 5, and for a series of
cyclic polymethylpolysiloxanes: [(CHj3).810], in
which ¢ has the values 4, 5, 6, 7 and 8. By using
Onsager’s equation the dipole moments of these
compounds have been computed.

2. The dipole moments of the linear com-
pounds agree sat1sfactor11y with the simiple empiri-
cal relationship: p 0.70 +/q. For the cyclic

(17) Note added in proof: Since the acceptance of this paper for
publication we have seen the recently available work of Malatesta
and Pinzotti [Gazz. chim. ital., 73, 143 (1944)] who measured the di-

pole moment of hexaethyldisiloxane in carbon tetrachloride at 24.2°,
These authors report g = 0,63 s 0.01 for this analogous compound.
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compounds the dipole moments of the larger
rings appear to approach the values predicted by
this equation.

3. Froni the dipole moment of hexamethyldi-
siloxane (0.74 D.) the silicon-oxygen-silicon bond
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angle has been calculated; its value appears to be

160 = 15°,
RECEIVED! MarcH 11, 1946

(18) Original manuscript received September 18, 1945,
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Preparation of Ethylenesulfonic Acid—Salts and Esters

By WILLET F. WHITMORE AND EDWARD F. LANDAU?

The preparation of ethylenesulfonic acid has
been previously described. Kohler®+%é prepared
the compound by decomposition of ethane-
disulfonyl chloride. Ethylenesulfonic acid has
also been prepared by dehydrohalogenation of 2-
haloethanesulfonic acid,* and by removal of sul-
furic acid from ethionic acid.®

In the course of this investigation, the prepara-
tion of ethylenesulfonic acid by the above meth-
ods has been reinvestigated, and improved meth-
ods for the isolation of its salts in a pure form have
been found.

Kohler described ammonium ethylenesulfonate
(m.p. 156°) as a yellow crystalline solid, having a
limited solubility in hot 959, ethanol. In contrast
to Kohler’s description, it was found that by util-
izing lower temperatures for the isolation of the
ammonium salt, it could be obtained as a colorless
crystalline material which was relatively soluble
in hot ethanol. However, the melting point re-
ported by Kohler could not be duplicated. It was
also observed that exposure to heat (70-80°)
caused a yellow discoloration of the salt and de-
creased its alcohol solubility.

The above-mentioned patents*® described the
preparation of sodium ethylenesulfonate, but do
not give a method for its isolation. A procedure
for the isolation of the purified salt is described
below.

No crystalline derivative of ethylenesulfonic
acid readily suitable for its characterization has
been described in the literature. It was found
that the S-benzyl thiouronium salt was easily pre-
pared and had a sharp melting point. Three
other aliphatic sulfonic acids were characterized
by their S-beuzyl thiouronium salts, and are de-
scribed in Table I.

The esters of ethylenesulfonic acid have re-
ceived scant attention by previous investigators.

(1) An abstract of a dissertation presented in May, 1945, to the
Graduate Faculty of the Polytechnic Institute of Brooklyn by Ed-
ward F. Landau, in partial fulfillment of the requirements for the
degree of Doctor of Philosophy.

(2) Present address: Celanese Corporation of America, Plastics
Division, Newark, N. J.

(3) Kohler, Am. Chem, J., 18,728 (1897); 20, 680 (1898); 21, 353
(1899).

(4) German Patent 678,730,

(3) German Patent 677,843.
(6) U. S. Patent 2,348,705.

TaBLE I
S-BenzyL THIOURONIUM SULFONATES [CsH;CH,SC(NH,);]
[RSO;]
Sulfur, %

Sulfonic acid M. p., °C. Caled. Found
CHy=CHSO;H 145-146 23.27 22.95 23.67
BrCH,CH.SO;H 125-126 17.98 18.07 18.27
CICH,CH,SO:H 129-130 20.51 20.72 20.74
(CH:—SO;3H). 201-202 24 .42° 24 .48 24,72

@ Caled. for [(CH,SO4)s][CoHsSC(NHo)s lo.

The ethyl ester has been prepared by esterification
of ethylenesulfonic acid with ketene acetal,” and
also from ethylene-sulfonyl chloride and ethanol.
In the course of this investigation, a series of seven
esters of ethylenesulfonic acid from 2-haloethane-
sulfonyl chloride was prepared by a inethod the
chemistry of which is best illustrated by the fol-
lowing equation.

pyridine

—>

CHz==CHSO;OR + HCl + HX
where X = Cl, Br; R = an alkyl radical

The pyridine serves both as a dehydrohalogen-
ating agent and a halogen acid acceptor. The
most satisfactory results were obtained by using
only a slight excess of pyridine and performing the
reaction in an inert solvent (methylene chloride).
The esters so prepared were colorless liquids hav-
ing physical properties as described in Table II.

XCH,CH,S0.Cl + ROH

Experimental

Salts of Ethylenesulfonic Acid

(a) Ammonium ethylenesulfonate was prepared by
Kohler’s procedure®® from 1,2-ethanedisulfonyl chloride.
The following modifications were employed for its isola-
tion:

The mixture of ammonium sulfonates (ammonium ethyl-
enesulfonate and ammonium 1,2-ethanedisulfonate) was
extracted with three 150-ml. portions of hot 959, ethanol.
An alcohol insoluble residue of ammonium 1,2-ethane-
disulfonate remained. The alcoholic extracts, pale yellow
in color, were decolorized by treatment with 5 g. of Darco
G-60 and concentrated by distillation under reduced pres-
sure at 50°, to a volume of 200 ml. Upon cooling this solu-
tion to 5°, the ammonium ethylenesulfonate separated as
a colorless crystalline solid. The yield was 63 g., 559 of
the theoretical, based on 200 g. of 1,2-ethanedisulfonyl chlo-
ride.

Anal. Caled. for CH.SO;N: S, 25.60; N,
Found: §,25.72,25.18; N, 10.9.

(7) McElvain, Jelinek and Rorig, THIS JOURNAL, 67, 1578 (1945).

11.2,



