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Avstract

Usual consistency checks for activities ca

e

be applied only to
fairly extensive sets of data. A new variant is proposed that can be
used even if data are available only for three concentrations.

The activities of nitric and perchloric acids are computed in

hole concentration range from total varor pressure and partly

from other dabe.
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?T,The activities may also be replaced by partial vapor pressures if the
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Introduction -

The appllcetion of the relation of Gibbs’and Duhem to tests of
vtne coqsistency of data for solutions has been frequently di°cussed in
' the last twenty yeerSg,.If measurements are avsilable only for a small
dnUmber of solutions, the usual methods of testing fail. Such & cneck,
nowever,'was desired for ) few determinations of the.partial pressures
:::‘of nitric acid solutions, dlffering from other information. A method

'vusetul in such cases. wa.s therefore developed for a rev1sion of the
activ1t1es of nltric and perchlozic acids, needed in'an investigation

of their molecular structures.

g xThe'Differential.Test f0r4§parSe Data,fﬁ'

~For a binary mixture we define

Q= x:L 5

'szpgnd.findl, according to the.relation of Gibbs and Duhem,

-tAn analogous relation holds for the activ1ties al and a5 and thevfunction_;

o rl&mEly, - *»’v ‘

‘vapor is perfect.
Davis and de Bruin2 reported partial vapor pressures pl(water) and
crpe(acid) for solutions of nitrie acid at three concentrations .Their ‘

~&7measurements,vincluding results for p, at other concentrations, deviate-l'

"fconSiderably'from the results of Potier-.. This author's data, by the way,

"f,gp = xl log al + x2 log a2 ’ !' [ v!’ff(3)idtf‘

i dQD/dX‘ = log.(a /a ) T:H";;. e 'p (u>._vf.";é

log ot %, log Y2 B { - . (l)“,‘-'-‘._fﬁ

- aq/ax, = 1og.(r2/rl) P (2)

S
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are in sufficient agreement with an older compilation . From the
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ures of Davis and de Bruin for three concentrations we

derive ©_ and separately dQD/dx2 (Etuaci (h)). The date for Q,p are

o

néi

[N
@)

ated in‘Figure 1 by the cifcles, the slopes by the short straight
o . lines 4 thrcugh the experimental voints.
The differential test is now carrled out by drawing the best line
representing the points as well as the indicated slopes. The example
of Figure 1 shows that no smooth curve satisfying the prescribed
slopes can be drawﬁ through the experimental .points (In addition,
the di epa‘ cies between the data of Davis and de Bruin and other
authors are épprecidblé;)i
Thé magnitude of the LﬂCOﬂélSuEﬂcy of the original data can be
'estiﬁated by'draW1n~ the "bsét" smooth curve inba diagram similar to
Figure 1 but drawn on a suff 101an¢y la*gc scale. "Then the points at
the expyrum ntal concentrations and the tangents are marked. The values

of Qp and de/dxg are read off the diagram. Now Equations (3) and (h)

are solved for a, and a, (or p, and p,, or v, and 72)
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These graphical operations can be easily' riorme
precision. In the very unlikely.case that the required scale did turn
oﬁt to be inconvenient, one would design a suiltable deviation function.
lin_actﬁal use l“i application of a differential eguation to a few

* . given points has been found to be very efficient

b

Nitric Acid

The activity coefficients of nitric acid are to be based on deter-
L,5,6. ) _ .
minations of the freezing points 223 s rartial pressures o1 and total

3, L
pressures™’ .
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Freezihg points gnquestibhabiy give the beét infdrmafion below-
'x2 = 0.06. Résulﬁs for the whole range.;t 25°C_are shown in Figure 2. -
_ Thé abscissa xg's has bgen chosen because here the theory of Debye
&nd Hﬁékei prescribes a finite limiting slope.. | |

The definition of the'activity coefficlent Y2 chosen in the present

work is'different from the usual convention. The activity is expressed

b y N ) . "
| 2 2
- )

ae = (xeY2 M lim a2 =Xy o | (5)
x0=0 v
The conventional definition by the molality
el = (mr!)® 3 limal =mt ‘ (6)
2 2 2 , .
: m=0 .
) leads'to the relation ,
Y, = (1 + 0.018016 m) Ty - (7)

Hease's dataB are based on a.long‘extrapolationito Xp = 0. They
v‘can beﬁtied.quitébwell to the freezing point reéultsu'by addifion of
V‘O.QO9 fo his values of log 15 - jThé:comparisoﬁ.of Potier's.results3
"'v(éxtrapolated‘from 0 and 20° to 25°C) with the other daté gives a
difference df 0.957 in.the standard state vaiues of log;Yé. In other
words) log v, for pure HNO3 based oh,(j) is 0.957 and lgg a, of HNO3
',.isvl.9lh,‘whileﬂit is normed at unity by Potier.
A éompilation of the best values-of’ldg Y, and log a, (obtéinéd
from freezing point data and by straightforward application of the

_ equation of Gibbs and Duhem is shown in Table 1.

~ Perchloric Acid
The isopiestic measurehents'of Robinson and Baker9 and of Haase

. andvcoworkerss below X = 0;22 are in good agreement. Information over

19
a
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Table 1. Activity Coefficients of Nitric Acid at 25°C.

(6 = (.7.)2 5 Lim a, = x> ; 1im a, = 1)
2 2.2 2 2

%,=0 x,=0
Xy log Ye - log 8y
1.80 x 1077 -0.01518 1.5k x 1077
9.00 x 107~ -0.032L8 7.635 x 1077
L 3.60 x 10*“ -0.06146 3.016 x 1074
1.799 x 1073  -0.10kk4 1.469 x 1073
8.930 x 10~3 -0.1420 7.400 x 1073
1.770 x 1072 -0.1350 1.533 x 1072
0.02 ~0.131 1.750 x 1072
0.0k . -0.076 0.0388
.06 . =0.006 0.0645
.08 , - 0.058 0.0928
.10 ' 0.126 0.125
.16 0.31k 0.241
22 0.459 0.373
.28 . ©0.579 0.523
.3k - 0.683 0.692 -
10 ‘ 0.772 0.879
A6 0.838 1.070
52 0.886 1.26k
.58 0.921 1.46
.64 0.945 1.68
.70 0.965 1.91
ST ' 0.97h4 2,08
18 . 0.979 2,26
B2 0.981 2.45
& 0.980 2.66
.90 . 0.9TT 2.90
.9k . 0.972 3.22
98 0.963 ~
.00 . 0.957

P—'OOOSDOOOOO0.0000000‘0.00
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‘the rest of the range has.been based on Mascherpa's total pressureslo
' In addition to the definition (5) we also define activities

bl and b2 based on the pﬁrezacid as feference state by

1im (bl/xi) =1;Um by=1. | (8)

- 4 2
x2—l xe—l

‘The vapor may be considered to be a perfect gaseous mixture. Denoting
the total pressure and partial‘presSures by P, 12 and Pos and the
vapor pressures of the pure Cbmpbnents by pi and pg » we have for the

azeotropic solution

- o _ 0 -
8y = »y/BY = xF/p) )
-and : V_ o o ? ‘
. by = p2/p2 = x2P/p2vp o B - (10)
(The definitions of a8y and b2 are conventional for non-electrolytes,
those for a} and Yé for binary electrolytes ).

X,
2
- 25°C (0.393 < x2_< 0.835 at 0°) are in equilibriumlo with the solid

In thé range O.hl7 < < 0.710 perchloric acid_so;utions at
_hydrate HC10)*H,0. Therefore the product aa, (or the product blbg)
has the same value in the entire interval. |

| The derivation of activities from.tqtal pressures has often
been discussed. The peculiar fofm éf.the pressure curve of perchloric
‘acid caused ¢onsiderable difficultiéé.~ Finally the differential eqﬁa-
 t;on of Lewis and Murphreell was integrated with incfeasing Xo beginning
from x2\= d‘fér an arbitrary set of values of liTo dye/dx2, and with
‘decreasing X5 beginning from x, = 1 for a set l;él dyg/dx2 . The
criteria for the selection of the final curve ?r;m the family of

integral curves were:

(a) Correct results for the azeotropic a) and b,. -
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() The computation according ﬁo Gibbs and-buhem furnished the
.activity 8y of’perchloric acld for concentrations below the
azeotrope. Similarly the water activity was obtained above
'the azeotrope, with due éonsideratibn being given to the - -

v S ~constancy of the product b b2 in the presence of the éolid

1

"rhydrate. A criterion is the smoothness of the curve of
log (1/1,)-
(¢c) Recalculated total pressures must check within experimental
erfors‘of about Q.OS mm.
(d)t The cbmputation_must satisfy Equations (3) and (4).
In priﬁciple, these conditions are trivial,.buﬁ actually they are
. nét eaéiiy satisfied due to the.influence‘of experimental and small
combutational errors. |
The results are shown in Figﬁres 3 ahg'h and Tables 3 and 4. The

’

éctivity coefficients in Figure 3 are defined as
T, = bgfs/xe . | (11)
-Thg limiting value of loé Yy = -4,50 for X3 =0 shows‘that the dif-
ference of the standards for log 8, and log b2 is -9.00.
The fact that log (bl/xg) has & finite limit at x, = 1 (normed to
'Zero)-expresées fhe“complete dissociation of water in nearly anhydrous

perchloric acid.

Recent measurements of perchloric acld pressures by Lilich and

-
N

v . 2 : .
' 'Shalyginl are not in good agreement with Mascherpa's data. An appre-

ciably higher value is given for the azeotropic compositioh (see Table 2).

We have not been able to find any reason for the discrepancies.
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5 Table 2. Azeotrope of Perchldric'Acid.

UCRL-17é9h

log b2

. Temp., °C - X P,total pressure ',loé 8y
0 (Mascherpa) 0.3155 0.082 -1.900  -2.652
25 (Mascherpa) 0.3195 0.34 -2,009 -2.523
0.064 -2.752 -3.166

25 (Lilich)

0.344

- .Table 3. Activity Coefficients of Perchloric Acid

(below x2'='0.hl7 3 ay = (ng‘Q)2

X

© O 000000000000 0 o O

=
(@}

. 000k
.0016
.0036
. 0064
.0100
.OLLk
.02
L0l
.08
.12
.16
.20
2h
.28
.32
.36

log Ye

-0.051
-0.089

: "Oollo .

-0,119

2
3 lim ay =x; 5 lim a) = 1)
.X.2=O

xp=0

’ '00113 L
-0.101

"Oo 075 ‘

40,071
 0.476°

1.004

1.602°

2.150
2.756
3.334
'3.723

3.959

4,139

" log a)

- -0.017

-0.04k4
-0.135
.0.278

-0.h92
-0.786
"'lo 175

21.617
'=2.013

-2.286

-2.539



Table L. Activities b

and bgiof Pérchoric Acid Solutions.

0.71
0.72
0.7Th
0.76
0.78.
0.80
0.82
0.835
0.84

0.86

0.88

0.90 -

0.92
0.94

0.98

0.% .

(above Xp = 0.710 ; 1lim b

1

x2=l

~log b2

0°c

0.223
0.217
0.189
0.164
0.139
0.117
0.095
0.074

~0.0kk

25°C

0.278
0.271
0.257
0.241
0.222
0
0

© o 90900000
(@)
[05)
=

1

=1 ; 1lim b, = xe)

x2=l

1l

1

log (bl/X§)

- 0°C

0.377
0.368
0.329
0.292
0.251
0.207
0.158
0.106 -
0.055

25°¢C

-0.1k6
-0.132

 -0.105

-0.086
-0.073
-0.068

-0.055
-0.04k4
-0.03k
-0.020
-0.009

UCRL- 17694
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The préééding eleven communications of the series "Thermo-

dynamics of-Solutions” are 1listed as references 13 to 20.
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' o o Davis and deBruin, 25°C
I O Potier, 20 °C
o ’ A Haase, 25°C

0 A

o ol oz 03
o | X2
XBL6&75-3214 -

‘F;lg.'. l_., ‘ Function Qp for nitric acid (x2 = mole fraction
. HNO,). | o o :

&
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Log' 72

Potier
Haase

Landolt-Bornsiein

Davis and de Bruin—

Fig, 2 Activity coefficlent of nitrie acid
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.0 Mas’c_he?pa
A Haase 0°C
o Haase 25°C
1 1 ) ) | |
0 . 0.5
0.5 |
. x .
2 .
XBL675-3080

- Fig, 3 'Activityt'fcoefficiént of perchlorié
acid (1im v, = 1)
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-0
0.1
lvog bé
0.2
o 0°
oD 25°C
0.7 0.8 0.9 _. 1.0

X2
XBL675-3078

' Fig, 4 Activity b, of perchloric acid (1lim b, = 1)
. x, = 1
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