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Figure 1. in 1 vs. 11T: (c) LINO, (1)-CH3CONH, (2); (d) &(NO& 
( )-CH3cONH2 (2). 
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Flguro 2. in A vs. l l t :  (a) UNO, (l)-CH,CONH, (2); (b) &(NO3)* 
(l)-CH,CONH2 (2). 

These solutions, as pointed out previously (3), present a 
complex behavior that, following cryoscoplc and ultrasonic in- 
vestigations (3-6), may be explained on the basis of aggre- 
gation phenomena of d a t e d  ions. The conductivity is higher 
for Ca" sokrtlons and this fact is III line with the higher charge 
of this ion. The viscosity of Ca2+ solutions is hlgher and Is 

probably due to the following mechanism of equilibria: 

MX M+ + X- 

x- + ys ?- xs; 
MS,' + XS; + nS e aggregate 

The fact that the viscoslty of Ca2+ solutions is higher than Li' 
sokttions means that the aggregates in ca2+ soiutions are more 
extended in comparison with aggregates in Li' solutions. 

The slope in the Arrhenius plots must be regarded as a 
temperature coefficient and not as a true €,,/I?, owing to 
equilibria Involved in these solutions. 

The fact that the temperature coefficient of the equivalent 
conductivity is hlgher for Ca2+ solutions may also be explained 
in terms of the suggested equilibria; i.e., the temperature in- 
crease affects the equilibrium aggregates and the resutting free 
ions Increase the conducthrity. 

The temperature coefficient of viscosity is higher for Li+ 
sokrtkns and this experlmental evidence may be explained wlth 
the following argument: the aggregates with Li' ions are less 
stable than the aggregates with Ca2+ ions, also borne out by 
our cryoscopic measurements. 

We thank L. Amici for technical assistance. 

Glossary 
7 viscosity, CP 
A equhralent conductivity 
X specific electrical conductivity, Q-l cm-l 

R.gbtry No. LINO,, 7790-69-4; Ca(N03)2, 10124-37-5. 
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Vapor-Liquid Equilibria of the System Trimethyl Borate 
(1)-n-Heptane (2) 

Davld Scott Nkwonger, Charles A. Plank,' and Walden L. S. Laukhuf 
Department of Chemlcal and Envlronmental Englneering, University of Loulsvilk Louisville, Kentucky 40292 

The isobaric vapor-liquid equilibria of the trimethyl borate 
(l)-n-heptane (2) system were measued at 101 325 f 133 Pa 
(760 * 1 torr). An A M &  SWI (ckculation type) was USBd and 
is described in detail by Hala et ai. ( 7 ) .  The present version 
incorporates two thermocouples, one near the surface of the 

Vapor-llqtdd .quillbrla lor the Mrurry system trhnethyl 

Pa. Data have boon chocked for th.rmodynamk 
c0naIst.11~~ and also correlated by wikon equations. 

(l)-"-h.ptcrw (2) have - mmrOd " lo' 325 
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Table I. Phvsical Prowrties of the Pure ComDonents 
~ ~~ ~~ 

density a t  298.15 K, 
k / m 3  refractive index at  298.15 K bp, K 

component measd lit. m e a d  lit. measd lit. 
trimethyl borate 927.5 927.3 (2) 1.35503 1.3550 (3) 341.85 f 0.1 341.85 (4) 
n- heptane 679.5 679.51 (5) 1.387 55" 1.38760 (5)" 371.65 i 0.1 371.56 (5) 

vapor pressure of trimethyl borate, In PO = 13.1756 - 1357.14/(T - 134.33), ref 6 
vapor pressure of n-heptane, In = 15.8737 - 2911.32/(T - 56.51), ref 7 

'Refractive index for n-heptane reported at  293.15 K. 

Table 11. Exwrimental Results 
[borate], mole 

fraction activity coeff 
liquid vapor T, K Y1 YZ 

0.000 O.OO0 371.6 1.OOO 
0.016 0.044 370.5 1.264 1.001 
0.048 0.122 368.8 1.227 0.999 
0.106 0.255 365.2 1.281 1.002 
0.148 0.317 363.2 1.206 1.021 
0.181 0.396 361.1 1.278 1.010 
0.241 0.454 359.3 1.155 1.033 
0.284 0.509 357.6 1.148 1.036 
0.354 0.586 355.1 1.133 1.050 
0.410 0.634 353.2 1.114 1.077 
0.470 0.689 351.5 1.104 1.076 
0.533 0.736 349.6 1.097 1.103 
0.636 0.801 347.7 1.057 1.196 
0.762 0.870 345.1 1.034 1.238 
0.834 0.909 343.8 1.027 1.297 
0.911 0.957 342.6 1.023 1.208 
0.948 0.977 341.9 1.024 1.120 
1.OOO 1.000 341.9 1.000 

bd#ng liquid and one in the vapor space directly above the liquid 
level. These two thermocouples were both calibrated and In 
general gave the same value during operation. When they 
dlffered, the liquid temperature was reported. Temperatures 
are believed to be accurate to fO.l K. 

Materlab Used 

The trimethyl borate was manufactured by Aldrich Chemical 
Co. Inc. and was received at 98% nominal purity. Successive 
simple distillations were performed on this material uslng the 
"heart cuts" and recoverlng approximately 40% of the original 
material. The n-heptane was manufactured by Burdick and 
Jackson Inc., reported to be of greater than 99.9% pwity, and 
was used as received. Properties of these materials compared 
with literature data are shown in Table I. 

Method of Analyrls 

Analysis was made by using refractive Index measurements 
along with a carefully prepared calibration curve. Measure- 
ments were made at 293.15 K by using a Bausch and Lomb 
refractometer along with a light source employing the sodium 
D line (A = 5893 A). The instrument Is capable of providing a 
precision of fO.OOO 03 refractive Index unit. The temperature 
of the prism was controlled to fO.l K. 

Dlscusdon of Results 
The experimental results are shown in Table I 1  and Figure 

1. Data show the system to be slightly nonideal with activity 
coefficients between 1 .O and 1.28. Activity coefficients were 
calculated from the equation 

where CP = q5//&, the ratio of the fugacity coefficient of the 
pure component at its vapor presswe to the component in the 
vapor mixture at the total presswe. Fugacity coefticients were 
calculated by using the Redlich and Kwong equation. Values 
of CP ranged from 0.98 to 1.03. The data were subjected to 

Y/ = Y / W %  Po 

J I /  I /  
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X 1  

Flgure 1. Trimethyl borate (1)-nheptane (2). 

a thermodynemlc consistency test as suggested by Fredenslund 
et ai. (8). In  this procedure the excess Gibbs function is 
calculated from the experimental temperature, liquid compo- 
sitions, and activity coefficients. The resulting G~IRT VS. x data 
are fitted by Legendre polynomials (third order in the present 
work) and actlvky coefficients then determined by making use 
of the partial molal relationship to the excess function. Values 
of y, are then estimated and compared with measured values. 
For this work the average deviation between measured and 
estimated vapor concentrations was 0.013 mole fraction. 

The data were also compared with the Van Laar, Margules, 
and Wilson models (9). Data were best f i e d  by the Wilson 
equation with parameters G,2 = 1.4252 and GP1 = 0.4589. 
The average error in vapor-phase compositions by this model 
was slightly less than 0.01 d e  fraction. The line in Figure 1 
represents this Wilson model and the lower part of the figure 
shows the deviation of each point. 

Glowery 
GE excess Oibbs function 

7' vapor pressure, mmHg 
R gas constant 
T temperature, K 

binary parameter for Wilson equations 
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X liquid-phase concentration, mole fraction 
Y vapor-phase concentration, mole fraction 

&e& Letters 
Y/ activity coefficient 
II total pressure, mmHg 
0 ratio of fugacity coefficients 

fugacity coefficient in vapor mixture at II 
fugacity coefficient of pure component at P O  

$ 1  

4/ 
Rogbtry No. Trlmethyl borate, 121-43-7; heptane, 142-82-5. 
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Sound Velocity and Electrolytic Conductivity in the Molten Sodium 
Nitrite-Potassium Nitrate System 

Shinya Okyama, Katsusaburo Toyoda,+ Ryuto Takagl, and Kazutaka Kawamura’ 
Research Labmtoty for Nuclear Reactors, Tokyo Institute of Technology, Meguro-ku, Tokyo 752, Japan 

Sound veloclty and electrolytic conductlvlty in binary 
motten 8atl mixtures ol NaNO,-KNO,, which is a candidate 
tor heat rerenoir material, were determined by an 
uitrasonk pukbecho method and a direct current (dc) 
method, rerpectively. The adiabatic and Isothermal 
C0mpredbllltle8, the isochoric specific heat, and the 
molar conductlvlty were derived with available data on 
Isobaric spectfk heat and denOny. The concentration 
dependences of these properties show dgnificant 
devlatlon from linearity. 

Introduction 

Mixtues of NaNO, and KNOB have as low a melting point as 
M S  (heat transfer salt; NaN0,-KN03-NaNO, 4914417 mol %) 
and are therefore promising candidates as heat reservoir ma- 
terials (7). I t  is useful to know the concentration dependence 
of properties of the mixture, since a concentration distribution 
appears in a phenomenon with mass transfer, e.g., corrosion. 
In  this work the sound velocity and the electrolytic conductivity 
in this mixture have been measured. The sound velocity was 
measured by an ultrasonic pulse-echo method. The sound 
velocity gives us some thermodynamic properties, such as 
adiabatk and Mhermal compressibitities, and kochoric speck 
heat with available data on density and isobaric specific heat. 
The molar conductivity is derived from the electrolytic conduc- 
tivity, which was measured by a dc method, and available 
density data. A dc method in contrast to an ac method pro- 
duces no polarization impedance (2). 

The sound velocity (3) and the electrolytic conductivity (4) 
of HTS were reported previously. They will be compared with 
the corresponding quantities obtained in this work. 

Experknental Section 

Chmkab. The sab NaNO, and KNO, used were of ana- 
lytical reagent grade (Wako Chemicals). They were melted and 
then dispersed with N, gas. Addltlonaiiy they were passed 
through a glass filter just before experimental run. The content 

’ Shlbaura Institute of Technology, Shlbaura, Mlnato-ku, Tokyo 108, Japan. 
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Table I. Sound Velocity in Molten NaN02-KNOI System 

U (m 8-9 = a + bT + c!P 

runno. PNaNO: 

1 1.OOO 
2 0.811 
3 0.653 
4 0.491 
5 0.317 
6 0.182 
7 0.OOO 

10-3a b 
3.0631 -2.8395 
3.2057 -3.3968 
2.1257 -1.7523 
2.7572 -1.9526 
2.9514 -2.6471 
3.4120 -3.9913 
2.4910 -1.1262 

~ 

103c 
1.3679 
1.8228 
0.3649 
0.5597 
1.1114 
2.0897 

-0.1153 

~~~ 

temp 
range/K 
571-689 
511-666 
437-649 
444-686 

546-681 
483-700 

617-747 
ref salts iw3a b 103c temp range/# 
3 NaNOz 2.7061 -1.470 565-586 
3 KNOB 2.4807 -1.187 625-713 
7 KNOB 2.483 -1.194 593-803 
8 KN03 2.450 -1.12 609-712 
9 KNOB 2.7663 -1.9149 0.4686 b 

‘ Mole fraction of NaN02. *Unspecified in the literature. 

of NaNO,, which is reported to be thermally unstable at higher 
temperatures, was checked before and after each run. The 
experimental data were accepted when the following relation 
was satisfied wlthin experimental error: 

”aMNaNOg + NKMKNOs = (1) 

In  eq 1 W is the weight of the mixture sampled from the melt, 
N x  is the molar quantity of a component cation X, and MY is 
the formula weight of a component salt Y. The quantities N, 
and N, were determined by flame spectrophotometry. Relative 
error in N, and NK was estimated to be f2%. During each 
experimental run the sample melts were kept under N, gas 
atmosphere to depress the decomposition of NaNO, (5). 

Sound Ve/oc/ty Experiment. Figure 1 shows a schematic 
diagram of the apparatus, which is equipped with three mi- 
crometers (b). Except for this modification the apparatus is 
similar to that employed prevlously (3). These micrometers are 
used to adjust parallelism between planes of the quartz con- 
ductivity rod (f) and the bottom of the cell (j). The experimental 
procedure was described in detail previously (3). 

Electrolytic Conduct/v/ty Experiment . The experimental 
equipment and technique are similar to those used by King and 
Duke (6). The cell constant was 14.90 cm-‘, which was de- 
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