
force constants decrease regularly from boron trifluoride 
to boron triiodide ( 2 ) .  Thus, one correctly predicts that  
B-triiodoborazine prepared by Noth (16) is thermally 
unstable around room temperature (15 ) .  
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Electrical Conductivity of Concenlrated Phosphoric Acid 

from 25’ to 6OoC. 
THEODORE WYDEVEN 
National Aeronautics and Space Administration, Ames Research Center, Moffett Field, Calif. 

The electrical conductivity for concentrated phosphoric acid in the range 62.14 to 
85.58% P~OIO has been measured at 25”, 303, 40°, 503, and 60‘C. The results 
differ from several previous conductivity measurements in the concentrated phosphoric 
acid region. 

P H O S P H O R I C  ACID is an  effective absorbent-electro- 
lyte in water-vapor electrolysis cells (2). T o  carry out 
voltage analysis studies on such cells, reliable electrical 
conductivity data is needed. 

Several reports on the electrical conductivity of concen- 
trated phosphoric acid have appeared in the literature 
(,j 6, 71. However, in view of the variability of reported 
values, the. electrical conductivity of concentrated phos- 
phoric acid has been redetermined over a wide range of 
concentration at  intervals from 2sc to 60’ C.  

EXPERIMENTAL 

Acid samples in the range 64.08 to  73.61 weight 7 
phosphorus pentoxide were prepared by the thermal dehy- 
dration of analytical reagent grade “85%” phosphoric acid 
162.14”c phosphorus pentoxide by analysis in this labor- 
atory) at about 150°C Samples more concentrated than 
7 3  61‘ c P1O were prepared by the slow addition of reagent 
grade P,OI to a thermallv dehydrated acid sample con- 
taining approximately 70‘7 P,O1 . Since concentrated phos- 
phoric acid attacks glass above 200”C., the sample vessel 
waq placed in an ice bath during the addition of P,O to 
prevent a large temperature rise. Samples prepared by the 
addition of P 0 were finail) heated to 180°C. tc hasten 
dissolution of the oxide Samples ranged from a transparent, 
colorlesi liquid at  the lower concentrations, to  a straw 
beilow comr a t  the higher conrentrations. 

A IYdshburn condiictivity cell with platinized platinum 
electrodes. maintained a t  a constant temperature (+0.05” C.), 
was used in measuring the conductivity. The  cell constant, 

0.759 cm.-1, was determined at  25°C. by measuring the 
resistance of a 0.01N KC1 solution. The  conductivity values 
for 0.01N KCl used to  calculate the cell constant were 
obtained from the data of Jones and Bradshaw ( 4 ) .  Resist- 
ance was measured with a General Radio 1650.4 impedance 
bridge at  a frequency of 1000 C.P.S. No fewer than five 
measurements of the resistance were made, over varying 
time intervals, a t  each temperature for any given concentra- 
tion. Bridge balance was determined by either an oscil- 
loscope or the impedance bridge null detector. No difference 
in resistance, within experimental error, could be detected 
by using either the oscilloscope or the null detector. (‘The 
manufacturers estimate for the accuracy of the resistance 
reading is i l r c )  The accuracy of the measurements was 
further checked by measuring the conductivity of 0.1W 
KC! at  0” and 25. C.. and of 0.01N KCl at  0‘ C. These data 
were then compared with values found in the literature 14 1 .  
The mean standard deviation hetween this work and The 
reported values for the conductivity of potassium chloride 
is + 0.47, 

Following the conductivity measurements, three samples 
of acid were taken for analysis. Samples were transferred 
with a glass syringe from the conductivity cell to glass 
stoppered weighing bottles and weighed immediately. The 
acid concentration was determined by titration with 
sodium hydroxide using an expanded scale pH meter to 
detect the first equivalence point. 
RESULTS AND DISCUSSION 

phoric acid (62 -14 to 85.58 weight 
In Table I values for the specific conductivity r;f phos- 

phosphorus pentoxide) 
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Table I .  Specific Conductivity of Concentrated Phosphoric Acid 

Concn., Weight 70 
P40,o 

62.14 i 0.08 
64.08 i 0.04 
65.58 i 0.06 
67.89 =t 0.16 
70.31 * 0.11 

Specific Conductivity, Ohm-' Cm.-' 
25.0" C. 30.0" C. 40.0" C. 50.0" C. 

0.0888 0.102 0.134 0.167 
0.0801 0.0928 0.122 0.154 
0.0734 0.0858 0.114 0.146 
0.0641 0.0756 0.102 0.131 
0.0535 0.0639 0.0870 0.115 . _ _ _  

72.25 % 0.13 0.0447 0.0534 0.0740 0.0975 
73.61 & 0.08 0.0355 0.0432 0.0606 0.0814 
75.64 & 0.17 0.0210 0.0262 0.0389 0.0550 
77.33 & 0.11 0.0115 0.0148 0.0234 0.0346 
80.03 f 0.04 
81.54 i 0.06 
83.77 'r 0.14 
85.58 * 0.09 

0.00336 0.00471 0.00855 0.0141 
0.00175 0.00256 0.00495 0.00855 
0.000860 0.00125 0.00245 0.00429 
0.000183 0.000282 0.000597 0.00108 

60.0" C. 
0.202 
0.189 
0.180 
0.165 
0.145 
0.124 
0.106 
0.0744 
0.0490 
0.0220 
0.0137 
0.00699 
0.00183 

30. 

Figure 1.  Specific conductivity vs. weight Yo phosphorus pentoxide 

from 25" to 6U" C. are shown. The  uncertainty in the con- 
centration is expressed as the standard deviation. The  mean 
standard deviation of the specific conductivity is i 0.25.  
The  standard deviations ranged from i O . 1  to 1 0 . 5 7 .  
Specific conductivity isotherms us. weight % phosphorus 
pentoxide in water are shown in Figure 1. 

The  pronounced decrease in conductivity with increasing 
concentration in the region of 8 5 5  phosphorus pentoxide 
was also found by Keidel (6). A possible explanation for 
this decrease is that  the formation and polymerization of 
metaphosphoric acid begins a t  about 83% P401, and appears 
to reach a maximum concentration a t  89% P4010 as deter- 
mined by Bell ( I  ). 

Tnere is good agreement between Munson's (8) value of 
4.596 x I O - '  ohm ' cm. a t  2 5 ° C .  for the specific con- 
ductivity of an equilibrated sample of 1005 phosphoric 
acid (72.43'0 phosphorus pentoxide) and the value 4.60 x 
10 'ohm ' cm.-' a t  25" C. taken from the curve in Figure 1. 
The good agreement between the two studies a t  25OC., 
where an  equilibrium concentration of acid species would be 
more difficult to attain than a t  the higher temperatures, 
suggests that  the samples in this work were equilibrated 
(within experimental error) in the region of 100% phos- 
phoric acid. 

Studies were carried out to determine if the conduc- 
tivity a t  high acid concentrations was changing with time 
owing to a slow approach to  equilibrium. The  conductivity 
of a sample containing 83.777 phosphorus pentoxide was 
monitored for 30 hours with the sample temperature main- 
tained a t  60 =t 0.05"C. No change in resistance, within 
experimental error, was observed. The  conductivity of the 

same sample was then monitored for 2 weeks a t  25 i 
0.05" C .  with no change observed. 

The  absence of any measurable .change in resistance 
during the time periods studied suggests that  a consistent 
set of conductivity data in the polyphosphoric acid region 
can be obtained if measurements are made over reasonable 
time periods. This consistency is borne out by the data 
shown in Figure 1. However, a t  very high acid concentra- 
tions, the time required to reach equilibrium may be much 
longer than the time allowed in this work. Greenwood and 
Thompson ( 3 )  found that  21 days at  40" C. were required 
to  reach equilibrium in a freshly melted sample of stoichio- 
metric orthophosphoric acid. The  high viscosity and the 
many equilibria involved as the P,Olu concentration is 
increased (in the polyphosphoric acid region) make meas- 

Table 11. Comparison of Specific Conductivity 
for Concentrated Phosphoric Acid 

Specific Conductivity, Ohm-' Cm. Concn., 
Weight CC Temp., Kakulin, Keidel 

PIOI" C. Thiswork e t a /  (5) Ref. (7) (6) 
65 40 0.114 0.0979 0.104 . . .  
70 40 0.0899 0.0792 0.078 . . .  
75 40 0.0452 0.0216 0.035 . .  

50 0.0638 0.0308 . . .  0.071 
80 50 0.0144 . . .  I . .  0.016 
75 

85 50 0.00202 . . .  . . .  0.0039 
' S o  data reported for 40°C. b?Jo data reported for 50;C. 'Data 
reported for the concentration range 65.2 to  75.4 weight 5 P,OI . 
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urements of the conductivity increasingly more difficult. 
Therefore, the data in the polyphosphoric acid region 
would be expected to  be less accurate than below 100% 

Shown in Table I1 are some interpolated values for the 
conductivity of phosphoric acid which are representative 
of results obtained in this work and by others (5,  6, 7 ) .  The 
values found in this work are consistently higher than the 
values reported by Kakulin and Fedorchenko ( 5 )  and 
elsewhere (7). However, values found in this work are 
lower than those of Keidel (6). The limited amount of 
experimental detail regarding sample preparation, analysis, 
and thermal history in the three reports cited does not allow 
for a critical comparison with this work. 
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Heterogeneous Phase and Volumetric Equilibrium 

in the Methane-n-Nonane System 

LEE M. SHIPMAN' and JAMES P. KOHN 
Department of Chemical Engineering, University of Notre Dame, Notre Dame, Ind. 

Vapor-liquid compositions and molar volumes are presented for eight isotherms 
between -50' and 150' C. The three-phase, vapor-liquid-solid behavior is presented at 
pressures up to 150 atm. Vapor-liquid critical temperatures are presented at five 
temperatures between -25' and 75' C. 

THE STUDY of Savvina (13) appears to  be the only one 
in which experimental vapor-liquid behavior on the meth- 
and-n-nonane binary system is reported. Savvina presents 
vapor-liquid isotherms a t  40", 60°, 80", loo", 120°, and 
150" C. a t  pressures up  to the critical. Unfortunately, the 
data are presented only in graphical form on a scale which 
lacks the accuracy necessary for most scientific and engi- 
neering purposes. 

The volumetric behavior of methane has been studied 
extensively (1,3,8-1 I ) .  Matthews (9) and Canjar ( I )  have 
evaluated the thermodynamic properties of methane from 
the P- V-T data. 

The volumetric behavior of n-nonane has been established 
by Carmichael ( 2 )  up to 680 atm. and above 40" C. Data 
on the liquid density, vapor pressures, critical constants, 
and heat of fusion were reported by Rossini (12) .  

EXPERIMENTAL 

The equipment and experimental techniques were de- 
scribed by Kohn (7) and were the same as those used in 
other studies of binary hydrocarbon systems (4 ,  6, 7 ,  14).  
Temperatures were taken on a platinum resistance thermo- 
meter which was calibrated to indicate temperature within 
0.02" C. of the International Platinum Scale. Pressures were 
taken on bourdon tube gages which were accurate to  kO.07 
atm. Each bourdon gage was checked a t  the start of an 
experimental run by use of an accurate dead weight gage. 
The only change was in the equilibrium cells used for the 
vapor-liquid study a t  pressures in excess of 100 atm. The  

'Present address: Lummus Co., New York, N.  Y. 
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Figure 1. Smoothed pressure-temperature diagram 
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