
REFERENCE 

J. S. JOHNSON AND K. A. KRAUS, “DENSITY AND REFRACTIVE INDEX 
URANYL FLUORIDE SOLUTIONS,” J. AM. CHEM. SOC. 75: 459494595 (1953). 



THE JOURNAL 

OF THE 

AMERICAN CHEMICAL SOCIETY 

ALLEN D. B~rss 

JOHN C. BAILAR, JR. 
PAUL D. BARTLETT 
HERBERT E. CARTER 
ARTHURC.COPE 
PAUL C.CROSS 
ARTHUR W. DAVIDSON 
JOHN T. EDSALL 
PAULJ. &ORY 

VOL. LXXV 

JULY43iEPTEMBER 

I953 

W. ALBERT Noms, JR., EDITOR 

ASSISTANT EDITORS 

EDITORUL BOARD 

I. M. KOLTHOFF 
WALTER M. LAUER 
JOHN A. LEERWAKERS 
J-s J. LINGANE 
FRANK R. MAYO 
S. M. MCELVAIN 
MELVINS. NEWMAN 
KENNETHS.PITZER 

MARSHALL GATES 

CLIFFORD B. Puwm 
FREDERICK D. Rossm 
VERNER SCHOMAKER 
GLENN T. SEABORG 
E~MOND E. SILL 
WILLIAM E. VAUGHAN 
W.H. WOODSTOCK 
L. ZECHMEISTER 

EASTON, PA. 
MACICP RINTINO COXPANY 

1953 



NOTES Vol. 75 

Density and Refractive Index of Urmyl Fluoride 
Solutions’ 

BYJAMESS.JOHNSONANDKURT A.KRAUS 
RECEIVED APRIL 8, 1953 

In the course of an ultracentrifugal investigation 
of uranyl fluoride solutions, their densities and re- 
fractive indices were measured as a function of 
concentration. 

The measurements were carried out near 25 and 
30’ and if necessary extrapolated to 25.0 and 30.0” 
from the observed temperature coefficients. Most 
density data were obtained pycnometrically (25’ 
cc. samples) and a few with gradient tubes2 The 
refractive index measurements were carried out 
with a Bausch and Lomb dipping refractometer 
(calibrated with ‘“known” solutions) using sodium-D 
light (reproducibility h 0.00004). 

The materials used and the analytical procedures 
were described earlier. 3 Although the accuracy of 
the density measurements was approximately one 
part in 10,000, the accuracy of the determinations 
at high UOzFg concentration is considerably lest, 
in view of the uncertainty in the uranium analyses 
(* 0.2% in the uranium concentration). 

1. Density.-The density data, which are listed 
in Table I, could be fitted to the quadratic equation 

l/d = I/& + aFz + bFz* (1) 
where d is the density of the solution, & the density 
of the pure solvent and F2 the weight fraction of 
UO2F2. The empirical constants a and b were 
obtained from the intercept and slope of a plot of 
(l/d - ~/&)/Fz VS. F2, which is a straight line. At 
25”, a = -0.9120 and b = 0.0567 and at 30”, 
a = -0.9126 and b = 0.0569 give satisfactory fit 
as shown in Table I. Dean4 earlier measured 
densities of U02F2 solutions in the range 13 to 66 
weight per cent. His densities agree -with those 
calculated by equation I to ca. 0.1% except for the 
saturated solution, where his points scatter con- 
siderably more. Since his densities are reported 
to four significant figures, the agreement clearly is 
within his experimental error and indicates that 
there is no systematic error in the uranium analyses. 

Assuming that the density of uranyl fluoride 
solutions follows equation I, the apparent molal 
volume +y at 25” was computed by the equation 
6 = MZ (l/do + a + bFd = 308.07(0.0909 + 0.0567 F2) = 

28.0 + 17.5 F2 (2) 

where iI& = 308.07 is the molecular weight of 
uranyl fluoride. 

Since it had been shown earlier”p5 that uranyl 
fluoride in the concentration range studied does not 
appreciably dissociate into ions @.e., essen tially is a 
non-electrolyte under these conditions), the large 
variation of & with concentration is surprising. 
For non-electrolytes & would have been ex :pecte;l 
to change little with concentration . 6 It is of in- 
terest that extrapolation of & to Fz = 1 yields 
4 = 45.5 cc. which may be compared with the 
mVolal volume V = 48.3 cc. of solid UOzF2 which 
was calculated from the crystallographic value of 
the density (p = 6.38) .? 

2. Refractive Index.-The results of the re- 
fractive index measurements are also listed in 
Table I. The refractive indices were fitted to the 
equation 

n’D = nofD + aC + @Yt (3) 

where c is the concentration (molarity), cy and /3 
are constants, and where ?z’D and n”‘~ are the 
measured refractive indices of the solutions and of 
water at temperature t, respectively. Satisfactory 
fit of the data to equation 3 was obtained at 25” 
using (X = 0.02055 and /3 = -0.00185 and at 30’ 
using a! = 0.02049 and B = -0.00183. The devia- 
tions between experimental and calculated values 
are shown in Table I. It is believed that the 
scatter is due, to a large extent, to the inaccuracies 
in the analyses of the uranium solutions. 

Values of the mole refraction (R) of U02F2 were 
calculated according to the equations 

(n2 - 1) K = --_.- x ! Et; + j& 
(n2 + 2) d ( > 

- 02 x f x 
(noI + 2 

loooO 
m (4) 

where rye is the molality of the solution. The re- 
sults of the calculations are also listed in Table I. 
Within the accuracy of the data, R appears to be 
constant (R = 17.1 =t 0.1 cc.) and hence does not 
reflect the considerable change in the degree of 
dimerization of uranyl fluoride which occurs in this 
concentration range. 

(1) This doannent is based on work performed for the Atomic 
Energy Commission at the Oak Ridge National I,abomtov. 

(2) (a) K. Linde=trom-hng and H. Lam, C~mpc. rewd. :YUV. &b. 
Carlsbmg, al, 315 (1938); (b) C. Anfinsen, “Preparation and M-S- 
urement of Isotopic Tracers,” J. Edwards, Ann Arbm, Michigan, 
1947, p. 61. 

(3) Jo S- Johnson and K. A. -us, TIIIS JOURNAL, 74,4436 (1962). 
(4) G. R. De-, Report CC 2092, September, 1944, 
(5) J. S. Johnson and K. A. Kraus, ttnyublished. 
(6) se for example, H. S. Hamed aud B. B. Owen, “Electrolytic 

Sc)lutions,** Second Edition, Reinhold PubI. Corp., New York, N. Y., 
1950, p. 260. 

(7) W, H. Zachariascll, A& Cry~f., 1, 277 (1048). 

(8) W. Geffcken, 2. physik. Gem., BU, 81 (1929). 
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TABLE I 
DENSITY AND REFRACTIVE INDEX OF URANYL FLUORXDE SOLUTIONS 

Density Refractive index 
I  

30" 
wt. %I 
UOtFt 
1.002 
2.495 
4.985 
5.025 
7.481 
9.607 

10.20 
15.01 
20.09 
20.48 
24.89 
30.10 
30.18 
33.39 
40.30 
40.27 
46.36 
50.27 
50.90 
56.90 
57.10 
61.12 
61.63 

d 

1. 0202b 
1.0443 
1.0448 

AdO 
x 10’ 

0 
0 

-1 

0 

+2 
-2 

0 
. -tlS c 

4-4 

t2 

d 

1.0429 

1.0983 

1.2164 
1 .221gb 

1.3632 
1.3632 

1.5509 

1.0967 0 

1.2146 0 

1.3607 i-1 5 

1 A481 i-6 

1.7893 1.7859 

2.1627 -1 2.1589 

25O 3o” 
AdQ 

x 10' 

0 

?PD 

1.33319 
1.33417 
1.33586 
1.33597 
1.33764 
1.33925 
1.33963 
1.34333 
1.34756 
1. .34788 
1 .%x1($3 
1.35705 
1.35705 
1.36059 

Ana 
x 106 

-1 
0 
0 

-8 
-2 

-10 
-5 
-6 
-5 
-2 
-1 

0 
t6 
-i-l 

naoD 

1.33266 
1.33366 
1.33531 

Ana 
x 106 

-4 
-5 
-2 

1.33705 -2 
1.33864 -7 
1.33907 -7 
1.34275 -7 
1.34692 -2 
1.34721 3-3 
1.35114 i-9 

1.35636 4-11 
1.35988 i-5 

Mole 
refraction 

(cc.) 
(25°) 
17 
17.0 
17.0 
17.1 
17.1 
17.2 
17.1 
17.04 
17.09 
17.01 
17.06 
17.09 
17.21 
17.09 

i-1 

-15 
. 

1.36888 -5 1.36825 -9 17.14 
1.37726 -1 1.37647 t6 17.15 
1.38316 t14 1.38239 i-18 17.13 
1.38439 -5 1.38370 -11 17.15 
1.39503 i-1 1.39418 -Ho 17.13 
1.39542 0 1.39457 -t-g 17.13 
1.40392 -26 1.40303 -15 17.14 
1.40475 i-2 1.40407 -9 17.11 

* Ild and An are the differences: calculated values minus experimental values. b Measured by gradient tube method. 


