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TasLE I

ARrEAS or SoLips CALCULATED BY THE NEW METHOD OF HARKINS AND JURA AND BY THAT OF BRUNAUER, EMMETT AND
TELLER®
Areas in square meters per gram

—~————————B.E.T. method-———- v —mvn
—=-New method of Harkins and Jura—- N: in-Bu- n- Hep-
n-Bu n-Hep- g = H-.0 H20 tane tane
N2 H:0 tane tane 16.1 1148 11.3 56.6 64.0

TiO- (Standard) 13.8 13.8 13.8 13.8 13.8 13.8 10.5 13.8 13.8
TiO, IT 8.7 8.4 8.7 8.6 11.7 8.8 8.7
8i0; (Quartz) 3.2 3.3 3.3 3.2 4.2 3.2 3.6
BaS0O, 2.4 2.3 2.2 2.3 2.4 2.8 2.1 2.7 2.4
ZrSi04 2.9 2.7 2.8 3.5 2.7
TiO; 4+ AlOs 9.6 11.8 9.5 12.5 9.5

# This is Table 11T of the paper by Harkins and Jura (ref. 3) with a columu of calculations for the areas by B.E.T.
iethod using water isotherms with an assumed cross-section of 11 3A.% for the water molecule.

Harkins and Jura plots where cross-sectional areas
(in sq. A. per molecule) of 14.8 for water; 56.6 for
#n-butane; and 64 for n-heptane are arbltrarlly as-
signed. However, an assignment of 11.3 sq.

to water in place of 14.8 gives, as shown in Table
I, substantially as good average agreement as
obtained by Harkins and Jura, there being only
one serious discrepancy in each comparison.
Nevertheless, one gets such good agreement only
by assigning values of 11.3, 56.6 and 64, for water,
n-butane and n-heptane, rather than 10.5, 32 and
45 sq. A. that one would calculate from the density
of the liquids in the prescribed manner. It, there-
fore, seems that the cross-sectional areas that
have to be assigned to adsorbate molecules to ob-
tain areas agreeing with those calculated from ni-
trogen isotherms are sometimes larger than those
calculated from liquid densities by factors of as
much as 1.5. This is consistent with the results
reported by Beebe, Beckwith and Honig!® who
found that values of about 19.5 sq. A. had to be
assigned to krypton miolecules in measurements at
—195° to obtain surface area values on a variety
of adsorbents in agreement with those gotten from
1554

(15) Beede, Tuts Jour~ar, 67,

(1945).

Becekwitlt aud  Honiy,

nitrogen isotherms. This value, 19.5, is about 3077,
larger . than one would calculate in the normal
way from the extrapolated value for the density
of liquid krypton at —195°,

As pointed out above, until many inore data
are obtained, it is impossible to say which method
will, on the average, give the more reliable and
more nearly correct area measurements. Mean-
time, it will be well to keep in mind the various
points raised in the present discussion and to pro-
ceed with caution in cross-comparing areas of
porous or finely divided solids obtained by the use
of different adsorbates.

Summary

A correlation has been pointed out between the
heat of adsorption of nitrogen and the molecular
area that has to be assigned to adsorbed nitrogen
molecules to bring about agreement between the
method of Brunauer, Emmett and Teller and that
of Harkins and Jura for measuring the surface
areas of finely divided or porous solids hv low
temperature nitrogen adsorption isotherms. The
significance, usefulness and limitations of the two
methods are discussed,
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The System Sodium Carbonate-Sodium Sulfate-Sodium Hydroxide-Water at 100°?

By StanNLey J. GREEN? AND FrANCIs J. FRATTALL?

Introduction

The pilot-plant investigations by the Federal
Bureau of Mines covering the extraction of alu-
mina from Pennsylvania high-iron, diasporic,
nodular clays by the lime-soda sintering process
presented a problem of sulfur elimination from
the plaut liquors. Oxidation of the pyrite which

(1) Published by permission of the Director, Bureau of Mines,
U. S. Dept. of Interior, Not copyrighted.

(2) Fornierly, Associate Chemical Engineer, Bureau of Mines,
College Park, Md. Present location at Acme Coppersmithing &
Machine Co., Oreland, Pa.

(3) Formerly, Assistant Chemical Engineer, Bureau of Mines,
College Park, present lncation Navy Dept., Bureait of Ships, Wash-
ington, D. C.

occurs in the clays and combustion of sulfur-con-
taining fuel produce sulfates during the sintering
treatment and account for the presence of sulfate
in the leach liquors, Because these liquors are
recycled in the process, the sulfate concentration
gradually increases and affects the efficiency of the
several operations. It has been proved experi-
mentally in the laboratory that sulfate not only
detrimentally affects the amount of alumina ex-
tracted but also interferes with the recovery of
soda from the processed liquors.  Efficient re-
covery of soda is necessary in order to make this
method of alumina production economical.

The plant liquors from which soda is to be re-
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covered contain the sodium salts of aluminate,
carbonate, hydroxide, sulfate and a small amount
of silicate.

The presence of so many compouuds in these
solutions produces a complex system for phase-
rule study. However, preliminary tests indicated
that the alumina and silica do not attain satura-
tion nor do they affect appreciably the solubility
of the other constituents. Therefore, the AlO;
aund SiO. concentrations can be ignored in the
phase study. It wuas essential to determine the
100° isotherm of the 4-component system Na,-
C03-N2a,S0.~NaOH-H,0 iu order to develop
uiethods of sulfate removal, as data for this sys-
tem at the desired temperature were 110t available
in the literature.

Related to the study of the 4-compouent sys-
tem, neglecting silicate and aluminate, are the
three teruary systems, namely: (1) the systemn
Na,C0;-NaOH-H,0; (2) the system NasSOs-
Na,COs~H,0: and (3) the system NasSOs~
NaOH-H;0. At 60° and at lower temperatures.
systemn 1 was studied by Freeth,* and in the range
of 30 to 140° by Prichodko.® Several investi-
gators®78¥ reported on system 2 at various tem-
peratures from 25 to 70° and from 150 to 330°,
but their data do not include solubility at 100°.
System 3 was stiied by Prichodko at tempera-
tures of 30 to 140°. The work conducted by
Schroeder, et al.,* on the effect of sodium hydrox-
ide and sodium carbonate on the solubility equi-
libria of sodium sulfate at temperatures of 150 to
350° suggested a discrepancy in Prichodko’s data.
Taking these into consideration, it was necessary
that all three ternary systeins be deterinined to-
gether with the 4-component system at 100°.

Experimental Methods

The work was carried out iu four 2.5-liter iron vessels
suitably constructed for the removal of sainples, measure-
ment of temperature aud agitation. A few trial runs
showed that a scraper blade resting unearly flush with the
walls of the vessel was necessary to eliminate caking and to
provide efficient agitation. The agitalors were driven at
approximately 240 r. p. m., and the temperature was
maintained coustant, in an electrically heated oil-bath, at
100 = 1°

The reageuts ewployed in the experiments were Baker
c.p. analyzed chemicals. Tlese consisted of anhydrous
sodium carbonate, crystals of sodium carbouate mono-
hydrate, anhydrous sodium sulfate, and sodiuin hydroxide
(special). In additioa to these compounds, it was neces-
sary to prepare the double salt, burkeite, 2Na.SO4 Na.CO;,
which was doune by evaporating a solution containing the
single salts in the proper ratio.

Tlie ternary systems were deteriniued by preparing first
a saturated solution of one of the compouents and then
placing it in the tliermostat with about 10*/} excess solids
to ensure saturation. By limiting the solids in contact
with solution to this value, equilibriuin was attained in a

4) F. A. Freeth, L'rany. Koy. Soc., 223B, 35 {1922).

(9) 3. V. Prichodko, J. Applied Chem., U. 8. 3. R., &, 31 (1942).

6) W. A. Caspari, J. Chem. Soc., 125, 2381 (1924).

7y J. E. Teeple, “The Industrial Developinent of Searles Lake
Brines,"” A, C. 3. Monograph 49, pp. 66-72.

(8) N. 8. Kurnakov and 8. Z. Makarov, d»n. Iust. dual. Phys.
Chem. (Leningrad), 4, No. 2, 307-363 (1930).

(9) Schroeder, e¢ al., THis JOURNAL, 58, 843 (1936).
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reasonable time, as found by tests. This was done by
withdrawing samples of solutions periodically for analysis
uutil no change in composition was evident. Thereafter,
the phase study was conducted by the method described by
Teeple,” which consisted of making small additions of the
third component to the saturated solution, After each
addition, samples were removed and analyzed. During
most of the work, it was fouud that twenty hours was
sufficient time to reach equilibrium when a simple salt
cowprised the solid phase, and two or three times this
amount of time for complexes in which the solid phase con-
sisted of a solid solution.

Liquid samples at the teniperature of the solution were
obtained by introducing a fritted-glass crucible (10 mm.
diaineter) counected to a 10-ml. pipet into the solution
vessel and then forcing a fixed volume of filtered solution to
enter the pipet by blowing compressed air into the vessel,
This filtered solution was delivered into a weighing bottle,
then weighed and diluted for chemical analysis. For sam-
ples of solid phase, however, the pipet was replaced with a
20-num.-bore tubing connected to a 250-ml. Erlenmeyer
flask into which slurry was delivered and immediately fil-
tered on a Buchuer fuunel.

The method of initial cowplexes of kuowu composition
was also used to determiune several points of the system
Na,CO3—Na,S0,-H.0 and especially the invariant points;
this method served as a check on the method employed by
Tecple,

The 4-component systri was obtaiied according to the
nicthod of Teeple by determining ouly its univariant lines.
Complexes at the two iuvariant points in the Na.COs-
Na.504-H,0 systewn werce prepared, aud to these conplexes
siall quantities of solid sodimn hydroxide were added,
thus developing the univariant lines.  As the field of high
sodiu hydroxide was not pertinent to our problem, these
two lines were sutficient 1o define tlie wajor portion of the
4-compoilent systeni,

Cliemical analysis of the liquids liaving no sodiuin
liydroxide present cousisted in determiuing carbonate as
COs by the gravinetric absorption inethod; sulfate gravi-
wetrically by precipitating in acid solution as BaSOy;
and total Na.O gravimetrically by the triple acetate
metliod, The Na,O deteriuiunation served as a check on
the accuracy of the other analytical results and where
results varied by more than 39, these were rejected and
the experiment repeated.  Solutions coutaining both the
carbonate and liydroxide of sodium were aunalyzed by the
Winkler inethod. Thus by titrating one poition of a
saniple to the methyl orange eudpoint the total alkalinity
was dctermined, and by titrating the secoud portion against
phenolphthalein after piecipitation of carbouate with
barium chloride, the alkaliuity due to sodiumn hydroxide
was fouud. Froin the difference of these two titrations
the carbonate present was calculated.

The wet residues were analyzed as such, and their com-
positiols were plotted in conformity with Schreineinakers’
rest method of establishing the nature of the solid phases.
The chemical conipositions of the wet residues were deter-
mined from an analysis of their water, carbon dioxide,
sulfur trioxide and total Na.O contents; the sodiuni
hydroxide iu the solids were establislied by calculations, A
portiou of these wet residues was dried it air for a period of
eighteen liours or more and examined by the powder
immeision method under the petrographic inicroscope.
Values of the optical properties of the salts encouuntered in
this study appear in standard texts on petrography.l?
Utilizing this techique, chemical analysis of the solids was
coufirined, and this method alone would have beeun suffi-
cient for identificarion liad it not been for solid solutions.
In those cases, where solid solutions were elicountered, the
wicruscope could not be relied upon solely hecause varia-
tions occurred i the relative amounts of the constituents
in solid solution and consequently correspouding varia-
tinuts i1 optical properties were observed whiclt inorosduee:]
ulicertainties in this methnd of detection.

(10) Winchell, **Microscopic Characlers of Artiiicisl Auersls.”
John Wiley and Sons, luc., New York, N. Y., 1031.
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The temperature of the solution in the reaction vessel
was measured at the time of sampling. These readings
indicated that the temperature was maintained at 100 =
1.0° throughout the experimnental work.

Experimental Results and Discussion

Solubility of Na,CO; in Aq, NaOH,—The
data for this system are calculated in Table I,
aud a plot of the solution compositions appears
in Fig. 1. No attempt was made to define the
system in the region of saturated solution of
sodium hydroxide because the plant liquors, as
explained previously, never would reach such high
alkali concentrations. In the concentration range
studied, the solid phase in equilibrium with the
solution was examined under the petrographic
wicroscope and identified as Na,COzHyO. The
chemical analyses of the wet residucs in Table I
further confirin this conclusion,

A comparison of our data with those of Pri-
chodko® was mnade graphically, aud our values for
the Na,CO; concentrations were found to be 1 to
39, higher. Although no explanation can be
proposed for this disagreenient, it should be 1eu-
tioned that this author used at 100° the ampule
technique, whereby a sealed ampule containing
the complex is subjected to temperature changes
and the points of appearance aud disappearance of
heterogerieity are recorded; the average tempera-
ture is taken as the saturation temperature.

TanLe I

SOLUBILITIES IN AQ. NaOH at 100°
Wet resitlue

Soelution conmiposition, composition,
wesght per cent. weiglit per cent.“
Solid 1rhase NaCOy NaOH Na:COs NaOH
Na,CO;-H.,O 30.8 0.0 .. S
Na.COzH-0 28.9 1.1 .. 0
Na.CO;-H.0 27.5 2.0 82.2 0
Na,CO;- 1.0 23.8 4.6 87.6 0
Na,CO,- H,0 20.3 7.5 .. Ce
Na,COxH.0 20.2 7.6° 80.0 0
Na,CO;-H.O 16.6 10.5 1.7 2.6
Na.CO;-H.0O 12.8 13.8 8+.3 0
Na,CO;-H.O 9.4 17.1 83.3 0.7
Na,CO; HoO 7.6 19.0 8.7 3.8
Na,CO.:-H,0 5.9 21.9 81.0 2.0
Na.COyH.0 2.7 29.7 69.2 8.8
Na,S0, Na.S0; NaOH Na.50, NaOH
NasS0, 30.0 0 :
Na,S0, 229 4.0 .
Na.b0, 16. Z 8.0 65.0 0
Na,S0, 12, 121
Ny 1.)_ 5 15.4
NagsO, [ i
NapS0, [y 230
Na,50; 2 25
NSO, 201 a1.6 ..
NS0, 1.7 5502 S0.9 4.8
¢ NaOH calculated by difference. ? Agitation time

forty-four hours, all others twenty hours.
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Good agreement however, exists with, Freeth’s*
60° isotherni, indicating that there is a very small
change in solubﬂlty between 60 and 100°

s T T T
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5 15 25 35
NaOH coucentration, weight per ceut.
Fig. 1.—Solubilities i1 aq. NaOH at 100°.

Solubility of Na,SO4 in Aq. NaOH.—The
data for this system are shown in Table I and
plotted in Fig. 1. The solid phase in the range
of concentrations studied was anhydrous sodium
sulfate,

The wet residues of this systeu primarily were
identified by means of the petrographic micro-
scope. Crystals were obtained from the fritted
glass crucible and were immediately pressed be-
tween filter paper to remove as much of the ad-
hering mother liquor as was possible before the
microscopic examination. Several chemical anal-
yses were made and these confirin the results ob-
tained petrographically.

The authors’ solution analyses were compared
to Prichodko’s® results and, here again, his values
are about 297 lower in most instances, his points,
moreover, being on a line essentially parallel to
the oue resulting from this work.

System Na,C03-Na,;S04-H,0.-—The data for
this ternary system are presented in Table 11
and were obtained by essentially four different
inethods. Method A consisted i1 adding incre-
ments of anhydrous NasSOy4 to o saturuted solu-
tion of Nd;COs i equilibrium with Na.COy-H,0;
Method B emploved the conunonlv used initial
complex ol knowu composition technigue; while
Method C involved the addition of NusS0, to a
solution just past the invariant pomnt in the high
NaaCOy field 1 coutact with virtually pure bur-
keite and Method 1) consisted of adding NapCO;
to a saturated Na,SO,; solution in coutact with
excess solid. By analyzing the solution on suc-
cessive days, suflicient time was allowed lor
the attainment of equilibrium; the time utilized
for each method is indicated in the footuotes of
‘Table II.
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TaBLE II
THE Sys¢TEM Na,C0;-Na,S0;-H;O AT 100°

Solution Wet residue
composition, composition,
Method weight weight
Solu- of per cent. per cent.
tion detns,® NaeCOs Na:SOs NasCOsz Na2SO« Solid phase?
1 .. 30.8 0 .. ‘. NaCOz H20
2 A 29.6 2.1 84.8 0.8 Na2C03-H20
3 A 28.8 3.4 78.7 1.9 Na3CO0;-H20, S.S.
4 B 28.4 3.2 54,6 21.5 Na:CO;-H:O, S.S.
5 B 28.6 3.4 51.4 26.8 Na:CO3-H.0, S.S.
6 C 24.8 5.4 32.9 58.3 ......... S.5.
7 c 22.6 6.6 .. F N S.S
8° 18.5 9.4 30.1 56.5 ......... S.S.
9° C 17.3 10.3  29.0 39.5  ......... $.8.
10 C 14.9 13.1 27.5 59.2 ..., S.8.
11 B 13.6 14.0 25.6 63.0 ......... S.8.
12 C 8.8 19 .4 25.2 64.8  ......... S.5.
13 C 6.8 22.0 243 68.1  ......... S.8.
144 C 6.8 22.2 244 689  ......... S.8.
15 B 4.0 26.6 19.3  70.5 NasSOq, S.5.
16 D +.2  26.4 8.3 79.8 NaiSOs, S.S.
17 D 4.9 28.0 0.7 99.1 NaS0;
18 D 1.5 28.3 1.6 98.2 NasSO0q
19 . ¢ 30.0 . NazSO4

A, 20 hours; B, 72 hours; C, 44
b 8.S. is abbreviation for solid solu-
¢ Agitation time 116

@ Agitation time:
hours; D, 20 hours.
tion. ¢ Agitation time 68 hours.
hours.

A ternary plot of the system is shown in Fig. 2
wherein is noted a 3-branched curve. The two
outer branches represent equilibrium with Na,-

00,
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CO3H,0 and Na,SQOy, respectively. The middle
branch represents equilibrium with a sulfate com-
pound of varying composition approximating that
of burkeite 2Na;SO4Na;CO; and having a range
in composition of (1.4-2.2) Na,SO4Na,CO:;.

Solid Phase Composition,—Figure 3 shows the
relations between the salt ratios of liquid and
solid phases. The solution data were obtained
by simple calculations while the percentages of
total solids for the solid phase were obtained by
extrapolating the tie lines between the solution
and wet residue compositions as indicated on Fig.
2. The two limits of the solid solution are desig-
nated as Solid SolutiomvA and Solid Solution B
and have the composition 1.4Na,SO4Na,CO; and
2.2Na,S04Na,COs, respectively.

The Na,CO;3;-Na,SO,~NaOH-H;O System,—
The data describing this system are presented in
Table III and illustrated in Fig. 4. The rela-
tive amounts of the three salts in solution, ex-
pressed in per cent. of total solids on a weight
basis, are indicated in this ternary plot. The
three corners of the diagram indicate saturated
solutions of the respective salts, while the three
sides represent the related three-component sys-
tems previously described. All points inside the
triangle, therefore, represent solutions saturated
with respect to a particular solid phase. The two

NoyCOy - H0 ' Wey S0, Moy 0o\
/ \Sotid Sofh,non s
o v \/ \ \/ L\ Y, 100
100 80 60 40 20 0

Na,CO;, weight per cent.
Fig. 2.—The system NapCO;—-Na,SO~H,0 at 100°: O, saturated solution; @, wet residues
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Nay,SO4, weight per cent. of total solids in liquid phase.
20 40 60 80 100

g 0 ! ‘ T 2

3 2 180 8

=) o]

~ -~
2 g bo%y
58 40 b , 160 B &
R : ) i g A
5= i : ; 5=
272 6ol ;,,____.._“i e k) =g
5.5 [ ! | ‘ .5
2 | g

s 80p— e ‘ ; 20 7,
(@) : )

Q | : g

3 <

2 100l at 3

80 60 40 20 0

Na;CO;, weight per cent. of total solids iu liquid phase.

Fig. 3.—Solid phase composition in the system NasCO;-
Na,S0+H,;0 at 100°.
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univariant lines A and B represent solutions in
equilibrium with two salts. In order to indicate
actual salt concentrations on a two-dimensional
plot of this type, lines of constant total dissolved
solids are presented. For example, a saturated
solution illustrated by point P represents a solu-
tion having a total solids content of 28.39 of
which Na,COj; is 67.5%,, Na,SO, is 209, and Na-
OH is 12.59,. The salt concentrations, therefore,
are 19.19, NayCO;3, 5.79%, Nay;SO4 and 3.59, NaOH.

The two solid phases in equilibrium along uni-
variant line A are Na,CQ;-H,0 and a sulfate-rich
solid solution designated as Solid Solution A
while univariant line B represents solutions in
equilibrium with Solid Solution B and Na,SO,.
These solid phases were identified petrographi-
cally. Also the chemical analysis of the wet resi-
due confirmed this conclusion because in all in-
stances along line "A” the tie-line drawn between
the solution and wet residue compositions inter-
sected the NayCO3;-Na,SO, axis at some point be-

NO:COg

'\
- - 25,0 e
\/ \/
50 40 30 20

NaOH 90 80 70 60
NaOH, weight per cent,. of total solids.
Fig. 4.—Solubility curves for the systein Na;CO;~Na,;SO,~NaOH-H,0 at 100°: area below ab = NaySOy field; area
abc = solid solution of NaySO4 and Na;COs; area above be = NayCO;-H,0 field; O, points fixing equilibria.

1 0 N 32504
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tween the composition of Solid Solution A and
NS.QCOs.
TasLE IIT

THE SYsTEM Na;C03-Na;SO~NaOH-H,0 ar 100°

Solution Wet residue
composition, composition,
weight per cent. weight per cent.
Nas- Na- Na- Nas- Naz- Na- Solid phase
Soln, COy SC¢ OH CO; SO¢ OH® identification
Univariant Line A

1 28.5 3.2 0 49.8 37.3 ¢ Na:CO3H:0, S.S

2 28.¢ 3.1 0.9 53.5 24.5 1.0 Na:CO:H:0, 8.5

3 26.4 2.9 2.5 34.6 22.0 2.5 NaCOzH:0, S.&.

4 25.4 2.8 2.6 61.6 23.8 0 Na;COsH:0, S.S.

5 23.3 2.6 4.2 .. . .. Na:CO3 H20, S.8,

6 23.8 2.5 3.8 62.6 18.4 0.9 NaCOsH:0, S&.

7 21.5 2.3 5.4 369 16.8 2.3 NaCOsH:0, S.8.

8 17.9 1.9 8.6 67.1 13.6 0.6 Na,C0OsH:0, S.8

9 17.4 2.0 8.7 61.5 15.3 1.6 Na:COsH0, S.8.
10 14.0 1.7 12.0 8.7 12.6 O Na2COsH0, 5.5,
11 10.8 1.2 15.4 o Na2CO3H30, S.8.
12 8.0 0.8 18,9 53.2 8.3 0.2 NaCOsH:0, S.5.
13 5.0 0.6 23.2 50.9 7.1 9.2 NaC0sH:0, SS.
14 3.2 0.5 26.9 51.9 6.8 11.0 Na,COsH:0, S.38.

Univariant Line B

1 4.0 26,6 0 19.3 70.5 © NagSO4, S.5.

2 3.4 24,5 1.5 18.3 71.8 1.8 Na2SO4 S.S.

3 3.0 21.8 3.4 .. . e e

4* 2.9 21.9 3.3 15.2 84.8 0  NuS04S.S.

5 2.4 19.6 5.1 15.3 78.8 O NagSO4, S.5.

[ 2.2 17.3 7.0 12.9 79.7 0.4 NaSOy, S.S.

7 2.5 11.7 11.8 .. . .. Na280y, S.S.

8 2.1 7.5 18.3 12.0 73.5 0.2 Na304 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 65.6 8.0 NasSO4, 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,SONa,CO; axis at
points between Nay,SO, 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 xNa.SOy
Na,CO; which covers the major portion of the
diagram, since it was felt that an ndequate
estimate of this composition could be made by
utilizing the data illustrated in Fig. 3.
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John E. Couley, Chief of the Clhenic 1t Dugincer-
ing Uuit, for valuable suggestions und criticisins
during the investigation.

Summary

1. The wajor portion of the 4-component svs
tem Na,CO3;-NaSO,~NaOH-H,O at 100° has
been determined, involving the deterniivation of
parts of the three related 3-component svstems,
namely: (1) Na,CO;~NaOH-H,O (2) Na.SOs~
NaOH~H,0 and (3) Na,CO;~N1.S0,~11.Q> at the
same temperature. Ordinary chemic:l methods
were used in solution and solid phase anaixges anrl
the petrographic microscope was cuplived to
identify the solid phases.

2. In this system for the concentration range
studied, three fields were encountered which are
NayCOs-H;0, solid solution of the varying com-
position, (1.4-2.2)Na;SONa;COy and Na.sO,.

3. The results of this study are prese cotl-
veniently on a teriiary dagram swith hnes of won-
stant total dissolves! sobids.

Rucerven NovEMBER 23, 1945

[CONTRIBUTION FROM THE RESEARCH LABORATORY GF THE GENERAL ELECTRIC COMPANY]

Dipole Moments of Linear and Cyclic Polymethy!polysiloxanes

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.? Upon evaluation of the accepted physi-

(1) The properties so far discussed include: (a) erystal habit and
configuration [Burkhard, Decker and Harker, THiS JoURNAL, 67,
2174 (1945)]; (b) molar volume and viscosity [Hurd, ibid., 68, 364
(1948)]; (c) vapor pressure and viscogity relations [Wilcock, ibid. 68,
6891 (1946)]; (d) mnlar and group reﬂ'é’ction [Sauer, ibid., 68, 954
(1948) ).

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

(3) Onsager, THIS 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

. 2e +nt o =
u? = 0.0482 X 10~30 I:I'»e Sy e — n’ J' {eo s uly

(T
)

at 20.0°, in which

dipole momeut (gas phase) of the molrcule

= the molar volinne

diclectrie constunt of the pure liquid substayice, aa:d
the refractive index

—T
ol

[

Although, according to Ousagcr, the refractive
index should include the contribution of the atoiuic
polarization as well as that of the electron polirt
zation we have set # = n*'p. Equatio: 1 may e
condensed to the forin

o = 0220 X 1075V P~ (e. 5. 1) )

the lightt of the Onsager formula. 1n general, results are obtaiaed
whicli check well witli those found by tlte usual methods.



