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TABLE 6

Cryoscopic Effects Resulting From the Addition of Acids to Amines in Benzene

Increment Symbol ATiotal Solute Added * | Relative Cryoscopic Effect Acid-Amine Ratio Relative Cryoscopic Effect
(°c) <equivalents) ATtotal equivalents acid 1+ ATacid
Kg solvent %Tinel) equivalents amine [Nlj xKq
Cetyldimethylamine + Myristic Acid
Amine 13 0.205 0.0393 1.000 0.000
Acid 1 0.217 0.0337 1.059 0.858
Acid 2, 0.243 0.0723 1.185 1.840
Acid 3, 0.293 0.1127 1.429 2.868
Acid 4, 0.363 0:1514 1.771 3,852
! Triiscamylamine + Myristic Acid
Amine 1y 0.182 0.0350 1.000 0.000
Acid 1, 0.199 0.0338 1.093 0.964
Acid 2 0.227 0.0665 1.247 1,899
Acid 3p 0.281 0.1062 1.544 3.034
Acid 4y, 0.347 0.1395 1.907 3.985
Dimethylaniline + Myristic Acid
Amine 1; 0.212 0.0403 1.000 0,000
Acid 1, 0.330 0.0425 1.557 1.055
Acid 2, 0.449 . 0.0866 2.118 2.149
Acid 3, 0.558 0.1288 2.632 3.196
Acid 4, 0.671 0.1717 3.165 4,261
Pyridine + Myristic Acid
Amine 13 0.180 0.0393 0.000 1.000
Acid 14 0.270 0.0437 1,112 1.441
Acid 2g 0.370 0.0843 2.145 1.931
Acid 3g 0.475 0.1243 3.163 2.446
Acid 44 0.572 0.1629 4.145 2.930
Triisoamylamine + Acetic Acid
Amine 14 0.200 0.0380 1.000 0.000
Acid 1g 0.210 0.0372 1.050 0.978
Acid 2¢ 0.229 0.0759 1.145 1.998
Acid 3, 0.337 0.1546 1.685 4.069
Acidd, . 0.488 0.2286 2.440 A 6.016
Acid 5, 0.658 0.3026 3.290 7.963
Triisoamylamine + Picric Acid
Amine 1f 0.200 0.0384 1.000 0.000
Acid 1f 0.198 0.0170 . 0.990 0.443
Acid 21 0.178 0.0334 0.890 0.870
Acid 35 0.192 0.0434 0.960 1.130
Acid 4¢ 0.296 0.0655 1,480 1.706
A(;id 5¢ 0.438 0.0959 2.190 2.497

* Values for “Amine” increments are those for solutions of amine before additions of acid,
Values for “Acid” increments represent otal acid added.
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TABLE 8
Test of Alternative Equilibria in Solutions of

Triisoamylamine Plus Myristic Acid

- Amine Content =0.0350 equivalents/kg; Kp,=1.7x 10-4, KNa,=3.0x 10-*

Total Acid ATiotal ATtotal ATtotal
Added Experimental Computed Computed
: NA, +A, ZNA , 2NA, N, A,
KNna, = 8.55x1072 . KNA —71x10‘ '
equivalents
kg benzene (°c) Co) (°c)
0.0338 0.199 0.198 0.187
0.0665 0.227 0.226 0.202
0.1062 0.281 0.284 0.272
0.1395 0.347 0.347 0.353

Computations similar to those described above assuming equilibria (1), (4b), and (7N
were made for the system containing acetic acid. Inspection of the curve (Figure 4) sug-
gested that for the acetic acid system KNA and KN4, were smaller than the respective
constants for the system containing myr1st1c acid. An arbitrary estimate was made for
KNA, and KNA, was computed for each of the experimental mixtures from the data of
Table 6. KNA, was extrapolated to zero acid-amine ratio as described above. With this
value of KN§, a more con51stent value of Knp, was computed. One repetition of this pro-
cess gave KNj, = 1. 02x10-% and KNA =2.38x 10-2 these values were insensitive to fur-
ther approximations. Table 9 presents a comparison of the theoretically computed and
experimentally measured freezing point depressions. Agreement is excellent, except for
the mixture of highest acid-amine ratio, where the discrepancy between the observed and
computed values is two or three times the experimental uncertainty.

The consistency of the theory with the experimental data is strong evidence that equi-
libria (4b) and (7) are valid for dilute benzene solutions of tertiary aliphatic amines plus
fatty acids, and that the values computed for Kp , KNA , and KNA describe quantitatively
the important chemical equilibria in these systems

The instability of the compounds for med between amines and carboxylic acids in benzene
solution, and also the surprising amount of acid bound per equivalent of amine, indicate that the
forcesbetweentheacidand amine aredifferent in type from those operating in the amine picrates
or the amine hydrohalides. The reaction appears tobe the formation of a molecular com-
plex between acid dimer and the amine rather than the formation of a true ion pair.

The successful description of the experimental results in terms of one or of a series
of equilibrium constants does not, of course, furnish direct information concerning the
type of bonds involved, or as to whether the monomeric or dimeric form of the acid is the
chemical unit actually reacting with the amine. Ananalysis employing the constant corre-
sponding to equilibrium (4a) instead of KA, would have given a fit of the data, because
the existence of the monomer-dimer equilibrium of the acid makes the two treatments
mathematically equivalent.























