Table I. Freezing Points of NaOH-KOH Mixtures

Wt. of NaOH F.P,°C. Eutectic, ¢ C. Trans., °C.
0.0 409.5 . 247.0
3.7 390.8 171.5 234.2
7.3 368.2 166.5 227.0

10.9 348.5 .. 222.8

13.8 328.0 168.8 223.5

19.0 296.2 A 219.2

22.4 272.8 . 215.5

26.1 230.5 169.8 219.2

31.2 207.8 170.0 .

35.4 180.5 169.5

38.3 e 169.8

43.1 174.5 168.8

46.1 186.2 168.2

52.9 202.0 170.0

57.8 217.0 170.5

72.0 252.2 170.8

81.1 273.2 170.0

83.2 275.8 170.2

90.8 291.5° 169.8 ..

93.2 298.0 169.5 293.0
100.0 319.8 Ce 294.6

®The freezing point and transition point are apparently superira-
posed as only one halt in the cooling curve was found.

solutions with a minimum in the liquidus curve. The
formation of solid solution on the potassium side has
been inferred from the fact that the solid-solid transition,
initially at 247, is lowered as much as 28° on the addition
of sodium hydroxide. That the sodium hydroxide content
of the solid solution is limited is evidenced by the fact
that the transition temperature becomes substantially
constant when the sodium hydroxide content of the system
reaches about 10%. If the possibility of solid solution
formation is disregarded, a heat of fusion of 2200 cal. per
mole may be calculated for potassium hydroxide from the
freezing point lowering. A similar calculation from freezing
point lowerings produced by potassium carbonate yields
a value of 1870 cal. per mole. With potassium carbonate
as solute the transition temperature is lowered by a maxi-
mum of only 6°. Presumably there is some, but less, solid
solution formed in the KOH-K.CO; system. Hence the
value of 1870 is still too high but should be nearer to the
correct heat of fusion. No calorimetric measurement of
the heat of fusion could be found in the literature to check
this point. Since the eutectic halt was found with only
3.7% sodium hydroxide, the extent to which NaOH may
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Figure 1. Solid-liquid equilibrium
in the KOH-NaOH system

be incorporated as a solid solution in the low temperature
form of KOH must be very small. On the sodium hydroxide
side of the diagram the solubility of KOH in solid NaOH
appears to be smaller since the transition temperature is
lowered but 2-3°. Furthermore, a heat of fusion of 1560
cal. per mole as calculated from the lowering of the sodium
hydroxide freezing point is in reasonable agreement with
the calorimetric value of 1520 calories (1).
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Refractive Index of Phosphoric Acid

Solutions at 25°C.

O. W. EDWARDS, R. L. DUNN, and J. D. HATFIELD
Tennessee Valley Authority, Wilson Dam, Ala.

ONLY A FEW measurements of refractive indexes of
phosphoric acid solutions have been reported (2, 3) since
Wagner (10) in 1907 published results for solutions in the
range 0 to 4M at 17.5°C. None of the results are widely
useful because each set covers only a short concentration
range and was made at a different temperature and with a
different spectral source line.

In a study by the Gouy method of the diffusion of phos-
phoric acid solutions (4), data were obtained on the refrac-
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tive increment over the concentration range 0.04 to 16M
(0.4 to 90% H;PO.). From these data were obtained refrac-
tive indexes at 25° C. and 5460.7 A. of aqueous phosphoric
acid solutions over the concentration range covered.

The Gouy apparatus was slightly modified (4¢) from that
of Gosting and coworkers (7). When the instrument is used
to determine diffusion coefficients, the boundary between
the two interdiffusing solutions is formed in a collimated
beam of monochromatic light. The gradient of refractive
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For phosphoric acid solutions, n = 1.333977 + 0.001999w''* + 0.07155w +
0.0868841w""— 0.2375104w” + 0.3625678w°°—0.1669960w°, where n = refractive

index at 25°C. and 5460.7 A. and w

concentration, weight fraction, of H:PO,

over the range 0-0.90. The data show that, over the small concentration increments
used in measurements of the diffusion of phosphoric acid solutions, n is virtually a linear
function of concentration, so that a solution of Fick’s diffusion equation based on the
linear assumption is valid for the concentration increments used in the measurements,

index results in a series of interference fringes that move as
diffusion progresses. The total number of fringes, Jjn,
depends on the difference in refractive index (refractive
increment) of the two solutions. The operation of the instru-
ment and the procedure for photographing and analyzing
the interferograms are described by Gosting and coworkers
5, 8).

Wendt and Gosting (I1) assumed that the relation
between refractive index and concentration for aqueous
lactamide solutions up to 2M could be expressed by a
fourth-degree equation, and they determined the constants
in the equation from the observed refractive increments of
Gouy measurements. Similarly, the power series equation,
which is extended until it represents the data adequately,
was assumed to be applicable to phosphoric acid solutions

n=b,+bix+ b’ + bax®+ . .. )

where n is the refractive index, each b is an empirical con-
stant, and x is any convenient unit of concentration.

The refractive increment, An, is represented by the
equation

An=bi(xp - xr) + bz(xaz - xTz), + ba(xsa - xTS) +... (2)

where the subscripts B and T refer to solutions below and
above the boundary, respectively.

Equation 2 was fitted to the data of Table I of reference
(4) by a least-squares procedure. The best fit to the 22
points was obtained with a series in w"? (w = weight fraction
H.PO,, %/100), and a single equation was applicable over
the entire range of concentration studied.

n=1,333977 + 0.0019993w"? + 0.0715540w + 0.0868841w>*
-0.2375104w" + 0.3625678w"* - 0.1669960w® (3)

The first constant is the refractive index of water (air
standard) at 25° C. with the mercury line (A = 5460.7 A.) (9).

Equation 3 reproduced the measurements with a standard
deviation of 0.0000048 in An in the concentration range
0 to about 6% H:;PO,. This precision of An corresponds
entire range of concentration, 0 to 90% H;PO, Equation 3
reproduces the measurements with a standard deviation of
0.000015 in An, or 0.68 fringe. Although j. can be deter-
mined with greater precision than =+0.68 for any two
solutions, uncertainties in knowledge of the concentrations,
and consequently of AC, perhaps contribute more to
variation in j. than does the error in determining j.. Over-all
refractive indexes calculated from Equation 3 should be
accurate to 1 or 2 units in the fifth decimal place.

The relation between w and C (conecn., M H;PO.) is

w=0.097995C/p (4)

in which p is density, grams/ml. Values of p (1) are related
to C by the following equations.
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Concentration Range

Of H3P04
w, Wt. Molarity,
fraction C
0-0.10 0-1 p =0.99707 + 0.000880C**

+0.052086C - 0.001071C** (5)

0.10-0.50 1-7 p = 0.99707 + 0.001031 C** + 0.051341C

- 0.0002306C** - 0.0002492C*  (6)

0.50-0.89 7-16 5 =0.99707 + 0.008600C"*+ 0.0439270C

+0.0021786C**- 0.00051024C* (7}

These equations reproduce the measured densities with
standard deviations of 0.00002 for Equation 5, 0.00006 for
Equation 6, and 0.00004 for Equation 7.

If the refractive index is a linear function of C over the
range of concentration, AC, in the diffusion cell, the solution
of Fick’s diffusion equation is greatly simplified (6). This
requirement is met for phosphoric acid, within the accuracy
of Equation 3, for all solutions in Table I of reference (4)—
that is, when the top, except the most dilute solution
of the diffusion cell is water. The slope, dn/dC, of the
curve represented by Equation 3 as modified by Equa-
tion 4 is indeterminate at C = O, but is 0.01706 at C = 0.001
and decreases to 0.01051 at C = 0.01 and then only to
0.00971 at C = 0.02. With further increase in C, the slope
decreases more and more slowly and with no inflections, and
15 0.00474 at C = 16. The curve is essentially linear for the
short segments of AC given in column 2 of Table I of
reference (4). The maximum deviation from linearity over
these segments is 0.00005 in n when water is the top solu-
tion of the diffusion cell; with all other pairs of solutions the
deviation from linearity is less than 0.00001 in n.
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