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ABSTRACT 

Densities and water contents of nearly dry and of water-saturated TBP-Amsco 

125-82 solutions were measured. From these the molar volumes of TBP and this di luent 

were calculated to be 273.6 and 246.4 ml, respectively, i n  the pure dry state. Within 

experimental accuracy, the molar volume of water was 18 ml in a l l  solutions. Using 

this value for water, the molar volume of ni tr ic acid in TBP-Amsco 125-82-HN03-H20 

solutions was calculated, from data previously presented (I), - to be between 40.9 and 

43.7 ml, the specific value depending on the TBP/diluent ratio. Solutions of TBP and 

the diluent are nearly ideal with respect to additivity of volumes, the maximum devi- 

ation from ideality being ~ 0 . 4 % ~  or -1 ml per mole of solution based on a diluent gram 

molecular weight of 185. The water content of TBP saturated with water at 25OC cor- 

0 
responds to a mole ratio Y H,~'KP = 1.045 k 0.001. 
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INTRODUCTION 

The purpose of this report i s  to present data on the densities of TBP-Amsco 125-82- 

H 2 0  solutions and to summarize some of the thermodynamic properties subsequently 

calculated from these and previously reported densities (1) - of similar solutions that 

also contained nitric acid. 

Densities of the organic phase have frequently not been measured by people 

studying the equilibrium extraction of nitrates by TBP-hydracarbon diluent solutions, 

although such data are needed for accurate calculations of thermodynamic equi librium 

constants and for the eventual calculation of distribution coefficients under conditions 

not specifically studied experimentally. Tuck (2) - measured volume changes of d i  luent- 

free TBP during the extraction of nitric acid and determined a molar volume of 41.5 ml 

for this acid. He also reported a change in  the slope of the organic volume vs H N 0 3  

concentration at a point corresponding to a mole ratio (HNOcJorg/(TBPs) = 1. At  

higher ratios he reported a value of 55 ml as the molar volume of nitric acid. Tuck's 

interpretation of his data was based on the assumption that one mole of water i s  displaced 

from the TBP phase for each mole of nitric acid entering it, an assumption which was shown 

to be correct (1) - only for (HN03),,9/(TBPJ ratios up to -0.13. At  higher organic acidities 

the water content first remains constant at a (H20)or/(TBPs) value of 0.77 in  the region 

0 .13~(HN03)  /(TBPs)c 0.4, and then decreases according to - A ( H ~ O ) ~ ~ ~ / A  (l-tN03)org 
erg 

-0.5 as the acidity i s  further increased to a value (HN03)or$(TBPs) = 1. 

Data of the present report include densities of TBP-Amsco 125-82-Hz0 solutions con- 

taining 5 to 100 vol % TBP in the diluent. Derived thermodynamic functions include the 

partial molar volumes of TBP, Amsco 125-82, HNO3, and H20. 
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EXPERIMENTAL 

Solutions of TBP i n  Amsco 125-82 were synthesized by weight using materials 

purified as described previously (1). - Weights of each were corrected for water con- 

tents determined by the method described by Kelley e t  al. (3). - The picnometric density 

at -25'C and water content of each solution were determined, at least i n  duplicate, 

before and after vigorous contacting with water (Table 1). Duplicate densities with 

10-ml pycnometers showed differences between 0.0000 and 0.0003 g/ml; water analyses 

were duplicated within a few per cent. 

The two, or three, sets of primary data (Table 1) a t  each ratio (Dil) /(TBPJorg erg 

were used to calculate the molal volume o f  the dry organic solution, Vd and the 'Y' 
- 

partial molar volume of water, V H ~ ~ ,  by use of the equation 

where P i s  the density of the organic solution, g/ml or kg/liter; W H 2 0  i s  the water 
erg 

content, mg/ml; and WDil/WTBp i s  the weight ratio of diluent to TBP. This linear equation 

may be an oversimplification of the volume-concentration relation, but its use should not 

introduce significant errors i n  Vd and VH20 rY 
since one of the two, or three, solutions 

at each (DiI)/(TBP) ratio was nearly anhydrous; i.e., thedegree of extrapolation to calculate 

Vdry i s  very smal I. 
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RESULTS 

Partial Molar Volumes. Except for solutions containing only 5 or 10% TBP i n  

the diluent, and therefore having the lowest dissolved water and density changes during 

the water saturation process, the molar volume of water (Table 1) i s  18 ml, within 

experimental error. In analyzing the densi ty-concentration data of TBP-Amsco 125-82- 

HN03 -H20  solutions, the molar volume of water was assumed to be identically 18 ml 

(Table 2). 

Apparent molar volumes of TBP and Amsco 125-82 were calculated from the 

equations 

and 

where (d and (dDi are the apparent molar volumes of TBP and diluent, respectively, 
TBP 

( ~ i l ) ~  i s  the molality (moles diluent/kg TBP) o f  the diluent, based on an average gram 

molecular weight of Amsco 125-82 equal to 185, VO i s  the molar volume of dry diluent , 
Di  l 

0 
P and P TBP are densities of dry solution and dry TBP, respectively. 

Apparent molar volumes were plotted against the corresponding mole ratio, as for 

TBP in Fig. 1, and the curve through these data was used to obtain the quantities 





Table 1. Volume Parameters for TBP-Amsco 125-82-H20 Solutions at 2 5 0 ~ '  

'42 0 
Partial Molar \ 

Nominal 
Dry Molai H 2 0  Part. 

Weiaht 
in  Dry Solut --.. Conc. bensi tv. Volume Molar Vol, .. , , I /  , 

Jolumes - d 
I on 

I t5r - , . - 
W v v Mole 

d 
(ml/mole) 

Ratio, 
Conc H2° org dry H 2 0  Ratio, - - 

(vol %) W ~ i  I ~ T B P  tmg/ml) (g/ml) ( I lkg TBP) (ml/mole) (D i l)/(TBP) 'TBP ' ~ i  1 

a 
Each density and water value listed i s  the average of 2 or 3 determinations, except as noted. The highest water content 

for each TBP-diluent solution con.esponds to saturation. 
b 
Average of 25 values with standard deviation = 1.343 mg H20/ml. 

C 
Average of  10 duplicate values with standard deviation =- 0.00022 g/ml. 

d 
Based on gram molecular weight of Amsco 125-82 of 185.0. 



for calculation of the partial molar volumes V TBP and 'Dl l 
of TBP and diluent (Table 1) 

from the equations 

m 
TBP 

Only the data o f  Table 1 were used i n  drawing the curve of Fig. 1; the apparent molar 

volumes calculated from the data of Table 2* are shown only for comparison. From these 

calculations the values of = 273.6 ml/mole for diluent-free, dry TBP and vDil= 246.4 
TBP 

ml/mole for TBP-free, dry Amsco 125-82 were obtained. 

Table 2 gives apparent molar volumes lower than those calculated from Table 1, probably 
because the apparent molar volume of dry 'TBP i s  only 1.0248 liters, which i s  2.7 ml lower 
than the corresponding value i n  Table 1. 



Table 2. Volume Parameters for TBP--Amsco 125-82--H70--HNO, Solutions at 25OC 

Dry Molal H N 0 3  Part. 
Apparent Molar Volumes 

Nominal Weight Molar Volta 
Calc. i n  Dry Solution 

TBP 
Volume - 

Ratio, V Dry 
(m l/mo l e) 

Conc dry 'HNO~ Density 
(vol %) W ~ i  I ~ ~ T B P  (I/kg TBP) (m l/mo I e) 1) a,,, %i I 

a 
Based on a molar volume of H 0 equal to 18 ml. 2 
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The partial molar volumes of TBP and Amsco 125-82 do not vary much with 

composition, as would be expected for such solutions. I f  the ideal volume, V., i s  
I 

defined as 

V. = 273.6 Y. + 246.4 YDil 
I r BP 

then the deviation of the solution from ideality i s  given by 

- 
'obs - 'i = 'TBP [ "TBP - 273.61 + YDil (vDil - 246.4) (7) 

where 

- 
= Y  v 

'obs TBP TBP + Y ~ i l V ~ i l  (8) 

The difference, V -V., (Fig. 2) shows a maximum of -1 mI out of -250 ml, or 
obs I 

0.4% from ideality. 

Solubility of Water in  TBP-Hydrocarbon Diluent. As shown i n  a previous paper (I), - 
an important variable in  the extraction of nitric acid by TBP-Amsco 125-82 solutions, 

i n  addition to (HN03)0rg itself, i s  Y L ~ ~  + YYBp, the sum of the mole fractions of 

water and TBP in  the acid-free TBP-diluent solution. Solubilities of water in  the acid- 

free organic solutions are given in  Table 1; these and the solubilities reported by Wagner 

and Farrand (4) who also used Amsco 125-82 as the diluent, by Healy and Brown (5) who - - 

used an odorless kerosene, and by Olander, Donadieu, and Benedict (6) - who used n-hexane - 
are summarized in  Fig. 3. Lines i n  this figure are drawn through the data of this report 

and through the data of reference 6. In the region 20 to 80% TBP in the diluents Amsco 

125-82 or odorless kerosene, the solubility, YO , i s  very nearly a linear function of the 
" 2 0  



UNCLASSIFIED 
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YTBP (mole FRACTION OF TBP IN DRY SOLUTION) 

Fig. 2. Deviation of Volume of TBP-Amsco 425 -82 Solutions 
from Volume Ideality. Vid= 273.6 YTBP + 246.4YDil. 



Fig.  3. Variation of  Solubil ity, Y: of  H 2O in TBP- Diluent Solutions 
20 ' 

with mole Fraction o f  TBP in Dry TBP-Diluent. 
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mole fraction of TBP in  the dry, acid-free, TBP-diluent solution. A similar linearity 

applies with the di luent n-hexane in  the region 20-70 mole % 'TBP. 

Replicate values of the water content and density of diluent-free water-saturated 

TBP were obtained to help characterize the interaction between H 2 0  and TBP. From 

0 
these analyses the mole ratio Y 

H2dyyBP 
i s  1.045 and its standard deviation i s  0.0012. 

Thus, the difference between the measured mole ratio and unity i s  stat isti ca l l y significant, 

which i s  equivalent to saying that the water content of the saturated solution i s  not due 

solely to the formation of a simple addition compound, i f  a compound i s  formed at al I. 

DISCUSSION 

Solutions of TBP in  Amsco 125-82 show very nearly ideal solution volume additivity. 

In addition, the molar volume of water i s  constant at 18 ml, within experimental error, 

and that of nitric acid, at concentrations up to -5 M - in  the aqueous phase or -3 molal 

i n  the organic phase, shows only a small change as the (Dil)/(TBP) concentration ratio 

changes. Using 185 as the gram molecular weight of Amsco 125-82, the molal volume 

of a solution containing TBP, Amsco 125-82, HN03, and H 2 0  i s  given at 25OC within 

*0.5% by 

l i ters/kg TBP 



where (HNOCJ)~ and ( ~ ~ 0 ) ~  are molalities of nitric acid and water i n  the organic 
9 erg erg 

phase. By use of this equation, the solution volume, and therefore the true TBP con- 
) 

centration, can be calculated i f  the ini t ial  weight ratio W 
~i I ' ~ T B P  

and the quantities 

(HNO~) :~~  and ( ~ ~ 0 ) ~  are known. Densities need not be measured. 
erg 
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