
, j o  i'i

Contribution from the 0ak Ridge N ati.r.al Laboratory CheaiJtry Divis^^^)^ j " /  $L>

DENSITY AND REFRACTIVE INDEX Or .v\.,YL FLUORIDE SOLUTIONS^

By Janes S. Johnson and Kurt A. Kraus
 ̂O * /  7

? « -  * ' i  /

(1) This document is  based on work performed for the Atomic Energy Commission a t
the Oak Ridge National Laboratory. __________________________________________

In the course of an u ltracen trifugal investigation of uraryl fluoride solutions, 

th e ir  densities and refractive  indices were measured as a function of concentration.

The measurements were carried out near 25 and 30°C and i f  necessary extrapolated 

to  25.0 and 30.0°C from the observed tonpai^eture coeffic ien ts. Most density data 

were obtained pycnometrically (25 cc ssnples) and a few with gradient tu b e a ^ #  The

(2) a. K. Linderstrom-Lang? and H. Lana, Conpt. Rend. tra v . lab . Carlsburg 21, 315*
(1938).

b. C. Anf Insen, Preparation and Measurement of Isotopic Tracers. J . Edwards,
Ann Arbor, Michigan, p. 6 l.

refractive  index measurements were carried out with a Bausch and Lonb dipping re frac - 

tometer (calibrated with "known" solutions) using sodium-D lig h t (reproducibility  

-  .OOOOli).

The m aterials used and the analy tical procedures were described e a r l i e r ^ .  Al-
(3) J« S. Johnson and K. A. Kraus. J .  Am. Chem. Soc. 7U« Uli36 (1952).

though the accuracy of the density measurenents was approximately one part in 10,000,

the accuracy of the  determinations a t high UÔ F., concentration is  considerably le s s , 

In view of the uncertainty in the uranium analyses ( *■' 0.2$ in  the uranium concentra

tio n ).

1« Density. The density data which are lis te d  in Table 1  could be f i tte d  to  

the  quadratic equation

l/d  “ Vdo  ♦ aT. * (1)

where d is the density of the solution, d0 the density of the pure solvent, and £2 

the woight fraction of Tb* empirical constants a and b were obtained from the

in tercept and slope of a plot of ( l;d  V -O  • ?.2 V3# At a - -.9120 and

b o .0587, and at 30°C. a •’ -.9120 and b * .0569 give aa*-isfa' tory f i t  as shown in 

Table 1 and Figure 1. For comparison, the e a rlie r  data of Dean'^- have been incladea 

(la) 0. R. Dean. Report CC 2092. September
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mAliOilI i l l i  U u l f l r t  n u l l  ^
In  figu re  1. Since Dean reported his d ensities only to  0.1$, h is  values are in  ex- ^

l
c e lle n t agree—nt with the ones determined here and thus indicate th a t  there i s  mo 

systematic error In the uranism analyses.

Assuming th a t the  density  of uraryl fluoride  solutions follows Equation (1), the 

apparent molal volume a t 2$°C was computed by the equation

i y  ■ M2 (l/*o + » ♦ W j) * 308.07 (0.0909 ♦ 0.0567?,) ■ 28.0 ♦ 17.5 F , (2) 

where Jj^ * 308.07 is  the  molecular weight of uranyl fluoride*

Since i t  had been shown earlier^) (5) th a t uraryl fluoride in  the  concentration

(5) J .  S* Johnson and K. A* Kraus, J* Am* Chem* Soc* (in  p r in t) .

range studied does not appreciably d issociate  in to  ions (i*e* essen tia lly  is  a non

e lec tro ly te  under these conditions), the large  Tariation of ^  with concentration i s  

su rp rising . Tor non-electrolytes ^  would have bean expected to  change l i t t l e  with

concen tra tion^). I t  Is  of in te re s t th a t extrapolation of ^  to  F2 ■ 1 yields

(6) See fo r example, H. S. Harned and B. B. Owen. E lectrolytic Solutions* Reinhold 
Publishing Co#, New Tork, 1950 (Second Edition) p. 260.

i y  ■ U5*5 ec which may be compared with the molal volume V » U8.3 co of so lid  UOgFg

which was calculated from the crystallographic value of the density ( f  -  6*38)^)*

(7) V. H* Zachariasen, Acta Cryst* 1, 277 (19ii8).

o.

\

2. Refractive Index* The resu lts  of the  refractive  index measurements are

also  l is te d  in  Table 1 . The refrac tive  indices were f i t te d  to  the equation

2d s i f  ♦ (3)

where c i s  the concentration (molarity), ot and^  are oonstanta, and where and 

Uq are the  measured re fra c tiv e  indices of the solutions and of water at temperature t  

respective ly . Satisfactory  f i t  of the data to  Equation (3) was obtained a t 25°C using 

° <  S  0.02055 tnd /5 's  -0.00185. and a t 30° using o <  ■ o.O?Ol»9 u d / 3  = -0.00183. The 

deviations between experimental and calculated values are shown in Table 1 . I t  is  

believed th a t the sc a tte r  i s  due, to  s large extent, to  the Inaccuracies in  the ana

lyses of the ur&nixmi solutions*



3 s
Values of tho solo refraction (R) of ̂ 0^2 vtr9 eA ôâ Â id aeoording to the 

equation^)

(8) W. Qeffcken, I, Phya. Chen., B$, 81 (1929).____________________________
where n la the Molality of the solution* The results of the calculations are also 
listed in Table 1* Within the accuracy of the date, R appears to be constant 
(R * 17*1 - 0*1 co) and hence does not reflect the considerable change in the degree 
of dineriaation of uracyl fluoride which occurs in this concentration range*

R ■ =------
“ n**2 d

n2 - 1 1 (ge)2 - 1 l_ 1000 (k)
(n°)2 ♦ 2 d0 ■
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Tablt 1

Deuity u l  BafirasUva Iad« of Uraoyl flaorldt Solviioos

P B B O T R x n u o r m  m
25° x>» I * •  i 30° Noli

lafraoiia*H  I
«Vt d Ad<J> 

x  lb*1
d ;fcd(») 

1 10* 8 ?
An(«)
» I6 5 jP sW (©•)

(25«0)

1 .0 0 2 1*33319 - 1 1 .3 3 2 6 6 1 -* 17.

t.* 9 5 L.0202* 40 1.33*17 0 1 .33366 - 5 1 7 .0

* .9 8 5 L.0bb3 0 1 .0b29 0 1*33586 0 1 .33531 - 2 1 7 .0

5.02$ L.ObbB • 1 1 .3 3 5 9 7 -8 17a

1.3376* - 2 1.33705 - 2 1 7 .1

9 .6 0 7 1 .33 9 2 5 -1 0 1.3366* - 7 17*2

10*20 1 .0 9 6 3 0 1 .0 9 6 7 0 1 .33963 -5 1.33907 - 7 1 7 .1

15*01 1.3*333 - 6 1.3*275 - 7 17.0*

20*09 1 .2161* 42 1*211*6 0 1.3*756 -5 1.3*692 - 2 17 .0 9

20.1*8 1 .2219* - 2 1.3*788 - 2 1.3*721 43 1 7 .0 1

2U 89 1 .35188 - 1 1.3511* 49 1 7 .0 6

30*10 1*3632 40 1 .3 5 7 0 5 0 1 7 .0 9

30*18 1 .3 6 3 2 tl3 1 .3 6 0 7 415 1 .35 7 0 5 46 1 .35636 411 1 7 .2 1

3 3 .3 9 1 .3 6 0 5 9 41 1.35966 45 17 .0 9

1*0* 30 1 .5 5 0 9 4b l*5b8l 46

bo* 27 1 .36888 -5 1.36625 - 9 17.1*

b6*36 1 .3 7 7 2 6 -l 1.376*7 46 17 .15

50*27 1 .7893 42 1*7859 41 1 .3 8 3 1 6 41* 1.38239 418 17 .1 3

50*90 1.38*39 -5 1.38370 -1 1 17 .15

5 6 .9 0 1 .39 5 0 3 4l 1.39*18 410 17 .13

5 7 .1 0 1.395*2 0 1.39*57 49 17 .13

61*12 l.*0392 •2 6 l.*0303 -1 5 17.1*

61*63 2*1627 - 1 2*1589 -15 l.*0*75 42 l.*0*07 | - 9 17 .1 1

(*) A 4  tad A n  art tha diffaraneMi ealeulatad valaaa aims axpariaaotal Tilt 
0 >)

S : I * •
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