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The heat capacity data for molten NaNO, show a slight 
negathre temperature dependence over the temperature range 
investigated (570-670 K). Attempts to extend the measure- 
ments to higher temperatures were unsuccessful, due to the 
onset of higher noise-to-signal levels, and due to sample-pan 
seal ruptures. For a discussion of the possible factors con- 
tributing to these difficulties, see ref 5. 

Inspection of the heat capacity data reported for NaN0, by 
Voskresenskaya et ai. ( 7 )  shows that for the solid state the 
agreement is good with the presently reported values: however, 
for the liquid state there is marked disagreement. Thus, from 
570 to 630 K, Voskresenskaya et al. (7) reported that the C, 
values decrease from 42.1 to 39.2 cal mol-’ deg-’; the results 
from the present measurements are, in comparison, as follows: 
570 K, 28.6 cal mol-’ deg-’; 630 K, 28.2 cal mol-’ deg-’, re- 
spectively. During the preparation of our present communica- 
tion, density and heat capacity data for the molten NaN0,- 
KNO, system were reported by Iwadate et al. (9 ) ;  as part of 
their investigation, measurements for molten NaN0, were also 
undertaken. For NaN02, C, was found to be 27.89 cal mol-‘ 
deg-’ and to be constant at this value (-*l%) over the tem- 
perature range 571-630 K. The accuracy of our method is 
estimated to be --f2.0% in heat capacity measurements; Le., 
the resub are in accord wlth ref 9 withln the llmlts of accuracy 
of the measurement technique. 
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Molar excess enthalples H E  have been measured as a 
functlon of compMHlon at 298.15 K and atmospheric 
premure for each of the blnary llquid mlxtures 
cycloheptane (c-C,H,,) + nheptane, + n-nonane, + 
n-tetradecane, and cyclooctane (c-C,H1,) + n -heptane, + n-nonane, and + n-tetradocane wRh a flow calorimeter 
of the Plcker dean, equlpped with separators. In  both 
serles H E  Increases wlth increarlng chain length n of the 
n-alkane, wRh the Increments per CH, group belng 
smatler for the cyclooctane series than for the 
cycloheptane series. At equhndar composltlon, HE(x  = 
0.5)/(5 mol-‘) of c-C,H,, + nC,Hzn+, is 234.2 for n = 7, 
267.0 for n = 9, and 357.6 for n = 14, respectlvely, and 
that of c-C,H,, + n-C,H,,+, Is 226.6 for n = 7, 249.3 for 
n = 9, and 322.8 for n = 14. 

Introduction 

In a series of articles (1-6), we recently reported molar 
excess enthalpies HE of binary liquid mixtures composed of 
either a five- or a six-membered cyclic ether and various sec- 
ond components, ranging from n-alkanes to n-alkanoic acids. 

Table 1. Experimental Densities p of Pure Liquids at 298.15 K 
and Comparison with Selected Literature Data 

p/(kg m-3) 
compd exptl lit. 

cycloheptane 806.9 806.56 (13) 
cyclooctane 832.1 832.02 (13) 
n- hep tane 679.3 679.51 (14) 
n-nonane 7 13.9 713.81 (14) 
n- tetradecane 759.3 759.3 (14) 

In addition, molar excess volumes were determined, as a 
function of temperature, for several mixtures of cyclic ether + 
n-alkane (7). In order to obtain more Information as to the 
influence of (a) ring size and (b) chain length of the n-alkane, 
we measured calorimetrically HE for the six binary mixtures 
cycloheptane (c-C,H1,) + n-heptane, + n-nonane, + n-tetra- 
decane, and cyclooctane (cC8H18) + n-heptane, + n-nonane, 
and + n 4etradecane at 298.15 K and atmospheric pressure, 
thus complementing literature data on cyclopentane + n-alkane 
(8) and cyclohexane + n-alkane (9). These measurements will 
be used later for a comprehensive discussion, in terms of 
groupcontributiin theory ( IO), of the thermodynamic behavior 
of mixtures containing cyclic ethers. 
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Table 111. Coefficients Ai and Standard Deviations o(HE) for 
Representation of  Molar Excess Enthalpies HE of Cycloalkane + 
n-Alkane at 298.15 K by Eq la  

Table 11. Molar Excess Enthalpy HE of Cycloaikane + 
n-Alkane at 298.15 K a  

X HEAJ mol-’) x HWJ mol-’) 

0.0502 
0.0953 
0.1577 
0.1930 
0.2909 
0.3829 
0.4742 

0.0605 
0.1857 
0.3333 
0.4305 
0.5235 

x c-C,H14 + (1 -x )  n-C,Hls 
34.0 0.5606 
62.7 0.6425 

101.8 0.7282 
123.0 0.8107 
171.8 0.8579 
207.0 0.9359 
229.7 

x c-C,H,, + (1 -x) nC9H20  
44.8 0.6085 

134.0 0.6865 
216.7 0.7655 
252.3 0.8392 
270.5 0.9467 

x c-C,H,, + (1 -x )  n-CI4Hlo 
0.0857 79.2 0.6933 
0.2491 239.3 0.7610 
0.4210 336.3 0.8260 
0.5237 361.7 0.8836 
0.6151 365.8 0.9628 

0.0455 31.0 0.5 35 1 
0.0868 57.7 0.6 185 
0.1445 93.1 0.7074 
0.1775 113.6 0.7944 
0.2702 159.8 0.8449 
0.3589 195.3 0.9294 
0.4486 218.5 

0.0549 40.0 0.5838 
0.1707 120.4 0.6639 
0.3109 197.1 0.7465 
0.4055 231.1 0.8248 
0.4978 249.2 0.9413 

0.0779 77.1 0.6710 
0.2304 212.4 0.7418 
0.3961 300.1 0.8107 
0.4980 324.3 0.8726 
0.5 9 04 329.5 0.9589 

x cC,H,, + (1 -x)n-C,H16 

x cC,H,, + (1 - x )  n-C9Hlo 

x c-C,H,, + (1 -x)  n-C14Hlo 

a Mole fraction of cycloalkane is x. 

Experlmental Sectlon 

240.2 
239.7 
222.3 
187.0 
158.5 
88.0 

274.6 
266.9 
242.4 
200.4 
91.8 

354.8 
334.6 
294.0 
235.6 
103.6 

230.3 
232.4 
218.2 
187.6 
161.7 
94.3 

254.1 
249.1 
228.7 
191.8 
90.4 

321.9 
305.0 
272.8 
225.6 
107.5 

Mater#& Cycloheptane (pwlss. quality) was from Fiuka and 
cyclooctane (gold label quality) was from Aidrich, both with 
purity 3 99 mol %; the n-aikanes were from Fiuka (puriss. 
quality) with stated puritles of 399.5 and >99 mol %, re- 
spectlveiy. They were used without further purification. Prior 
to actual measurement, all liquids were dried with molecular 
sieve (Union Carbide Type 4A, beads, from Fiuka). Densities 
of the pure liquids were determined with a vibrating-tube den- 
simeter ( 7 7 ,  12) and are summarized in Table I. Agreement 
with reliable literature values is satisfactory for ail substances. 

Calorknetry. Molar excess enthalpies were determined as 
descrlbed previously ( 6 )  with a flow microcalorimeter of the 
Picker design, equipped with separators and operated In the 
discontinuous mode. The liquids were partially degassed before 
being transferred to the separators. 

Re8ult8 and Discusdon 

Resuits of our measurements of HE at 298.15 K are given 
in Table 11. For each binary mlxture, the excess enthalpies 
were fitted with a Rediich-Kister-type smoothing function 

k-1 

1-0 
HE/(J mol-’) = x(1 - x )  1 A,(2x - 1)’ (1) 

by the method of (unweighted) least squares, where x denotes 

oCHE)/ 
A ,  A ,  A ,  A ,  (Jmol-’) 

x c-C,H,, 
+ (1 -x)n-C,H16 936.8 292.1 181.3 167.3 0.9 
+ (1 -x)n-C9Hz0 1067.8 318.4 249.1 310.3 1.3 + (1 -x )  n-C,,H,, 1430.3 328.2 446.9 799.8 2.4 

x c-C,H,, 
+ (1 - x )  n-C,H16 906.5 243.5 197.5 209.8 1.4 
+ (1 -x)  n-C9H2, 997.2 243.4 234.9 302.0 1.1 
+ (1 -x)n-C,,H,, 1291.4 218.0 514.6 731.4 4.6 

Mole fraction of cycloalkane isx. 

I I I / l I l / /  

f 2,01 T = 298.15 K .e’ 

,I’ m.6 

7 9 11 13 15 17 
n- 

Flgurr 1. Plot of HE,(n)IHE,(n = 7) against chain length n of the 
nakane for the ssrh cyckakane (c-C,H,) + nalkane (nC,H,+,). 
The circles represent Interpolated experimental results at 298.15 K. 

the mole fraction of cycioaikane. Values of the coefficients A, 
and standard devletkns 4HE) are summarized in Table 111. No 
ilterature data could be found for comparison. 

For the investigated range of n-aikanes, we observe in ail 
series an almost linear increase of HE with lncreaslng n (see 
also ref 7 and 75- 78). The average increment per CH, group 
at 298.15 K, evaluated at x = 0.5, Is about 17.7 J mor’ for the 
cycloheptane series and about 13.9 J mor’ for the cyclooctane 
series. The relative variation of HE with chain length n of the 
n-alkane n-C,H,+, is shown for each serles in Figure 1, where 
we plotted the ratio HE,(n)IHE,(n = 7) against n with the 
ring slze m of c-C,H,, as parameter: HEmsx denotes the 
maxlmum value of the molar excess enthalpy with respect to 
mole fraction. For the sake of comparison we also included 
results from the literature on the series with c -C~H,~ (8) and 

RogMry No. Cycloheptane, 291-64-5; cyclooctane, 292-64-8; n- 
heptane, 142-82-5; n -nomne, 1 1 1-84-2; n -@tradecane, 620-59-4. 
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Osmotic and Activity Coeff tcients of Lithium and 
Tetramethylguanidinium Sulfamates 
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Osmotic and actlvlty coefflclenl data are reported for the 
llthium and tetramethybuanldinhnn salts of utnamk acld. 
These coemClents are compared with those of the 
previoudy reported sodium and potadum salts and with 
the corresponding salts of methanesutfonlc acid. 

Osmotic and activity coefficient data have been previously 
reported ( 7 )  for sulfamic acid and for its sodium and potassium 
salts. At that time, the coefficients of the two salts were 
compared with the coefficients of the corresponding salts of 
methanesulfonic acid. Since the coefficients of the sulfamate 
salts were appreciably smaller, it was suggested that there 
might be linear association of the sulfamate anion, especially 
if resonance structures of the type H2N+=S032- are at all 
important. Coefficients for the two salts being presently re- 
ported were measured to obtain furUler information to enable 
a better understanding of the sulfamate system. 

Method 

The sulfamic acid was purchased as the “certified” grade 
with lot analysis from Fisher Scientific Co. Solutbns of this acid 
were carefully neutralized with solutions of C.P. grade lithium 
carbonate or the free base tetramethylguanldine and evapo- 
rated to dryness over H,SO, in vacuum desiccators. The salts 
were recrystallized several times from alcohol-water mixtures, 
again dried over H,S04, and stored under vacuum over P,Olo. 
The molecular weights of the salts were measured by exchange 
of known weights of the salts on a sulfonate strong-acid ion- 
exchange resin and titration of the released hydrogen ion. The 
salts were not hydrates and the molecular weights agreed with 
the calculated formula weights within the reproducabillty of the 
titration (about 0.1 %). 

The isopiestic equilibration of these solutions was performed 
in the usual manner (2). I t  was established that equWbrium was 
reached when the concentrations of identical samples were 
within 0.1 % agreement with one sample losing solvent and the 
other gaining solvent to attain equilibrium. 

Results and Dlscusslon 

The primary isopiestic equillbratlon data are presented in 
Table I .  These data have an accuracy of approximately 
0.1 %. The osmotic and activity coefficients at rounded con- 

at 298.15 K 

South Carolina 29208 

Table I. Molalities of Isopiestic Solutions 

sulfamate sulfamate 
NaCl Li Me4Gua NaCl Li Me,Gua 

0.1963 0.1928 0.1968 2.923 2.881 2.946 
0.3925 0.3825 0.3946 3.393 3.376 3.441 
0.5872 0.5113 0.5901 3.896 3.907 3.987 
0.8875 0.8616 0.8910 4.586 4.651 4.728 
1.206 1.170 1.211 5.304 5.455 5.582 
1.600 1.550 1.605 5.897 6.147 6.271 
1.959 1.907 1.963 5.953 6.228 6.363 
2.450 2.293 2.459 

a Me4Gu = tetramethylguanidinium. 

Table 11. Osmotic and Activity Coefficients of Sulfamate 
Salts at 298.15 K 

Li Me,Gua 

m @ Y @ 7 

0.1 
0.2 
0.3 
0.4 
0.5 
0.6 
0.7 
0.8 
0.9 
1 .o 
1.2 
1.4 
1.6 
1.8 

0.944 
0.943 
0.943 
0.944 
0.946 
0.949 
0.953 
0.957 
0.961 
0.966 
0.975 
0.985 
0.994 
1.003 

0.796 
0.764 
0.747 
0.736 
0.729 
0.725 
0.722 
0.720 
0.720 
0.720 
0.723 
0.728 
0.734 
0.741 

2.0 1.012 0.749 
2.5 1.035 0.771 
3.0 1.060 0.788 
3.5 1.085 0.825 
4 .O 1.112 0.858 
4.5 1.139 0.895 
5 .O 1.162 0.930 
5.5 1.185 0.967 
6.0 1.203 1.003 

a Me,Gu = tetramethylguanidinium. 

0.930 
0.922 
0.918 
0.915 
0.916 
0.918 
0.921 
0.924 
0.928 
0.932 
0.939 
0.947 
0.958 
0.970 
0.981 
1.009 
1.035 
1.061 
1.085 
1.109 
1.132 
1.152 
1.163 

0.775 
0.730 
0.703 
0.685 
0.6 74 
0.664 
0.658 
0.653 
0.650 
0.648 
0.645 
0.644 
0.647 
0.653 
0.658 
0.677 
0.697 
0.721 
0.745 
0.772 
0.800 
0.827 
0.855 

centrations are reported in Table 11. 
were calculated from the equation (3) 

and activity coefficients from the relationship 

Osmotic coefficients 

9 = RdJref 

In y = in yref + In R + 2 A“‘ (R - 1) d In 

where R = m,,,/m. 
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