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Commonly used substituted amine salts of pharmaceutical interest are studied with 
the thermoelectric vapor-phase osmometer previously described in J. Pharm. Sci. 
as a molecular weight apparatus. The instrument is used without modification to 
determine change in the resistance of a thermistor as a function of the concentra- 
tions of drops of liquid in contact with it. The data are plotted on a percentage 
basis to provide direct reading of isotonicity values (per cent NaCI) and on a molar 
basis to show typical electrolyte behavior at lower concentrations. A few interest- 
ing abnormalities, including apparent micelle formation, appear at higher concen- 
trations (0.1-0.2 M).  Osmotic coefficients and sodium chloridee quivalent values 

are calculated. 

HE INSTRUMENTATION described by two of the 
Tpresent authors (1) as a device for the 
determination of molecular weight can be used 
without modification to determine isotonicity 
values and osmotic coefficients of soldtions. The 
slight deviation from linearity introduced by the 
thermistor has been shown by Burge (2) to be 
negligible a t  the level of accuracy presently 
sought. Previous papers (3) have presented the 
general conclusion that the resistance change as 
observed in this instrument is essentially a 
measure of a colligative property not significantly 
different from the elevation of the boiling point. 
The great advantage of this instrument is that i t  
is convenient to operate at any chosen 
temperature. 

Goyan et al. (4) showed that mbst salts of 
pharmaceutical interest could be treated as 
typical electrolytes because of the fatt that high 
accuracy is not required in rendering solutions 
isotonic. Although dilute solutions of uni- 
univalent electrolytes may be treated as if they 
shared the same molal freezing-point lowering 
(3.4O), Hammarlund and Pedersen-Bjergaard (5) 
reported several exceptions a t  higher concentra- 
tions based upon their freezing-point measure- 
ments. The compounds selected for study in this 
work include several of these exceptional sub- 
stances. It seems of interest to discover whether 
the same behavior occurs at room temperature. 

EXPERIMENTAL 
The instrumentation and technique of measure- 

All ment are the same as described earlier (1). 
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of the compounds used were of good commercial 
quality. Distilled water was used throughout as 
the solvent. Solutions were made on a molar 
basis using an analytical balance and 25-ml. volu- 
metric flasks. Per cent concentrations were cal- 
culated on a w/v basis from established molar 
concentrations and molecular weights. Density 
determinations were made on 0.1 and 0.2 A4 pro- 
caine hydrochloride solutions using a chainomdtic 
specific gravity balance in order to judge the im- 
portance of converting to the molal system for 
further evaluation. I t  can be shown that the 
difference between molar and molal concentration 
is not a matter of critical importance when working 
at  this level of accuracy with dilute aqueous solu- 
tions. The temperature of the bath was main- 
tained at  25.00" by the method described in a 
previous paper (1) and independently read on a 
mercury-in-glass thermometer graduated in 0.01 O 
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Fig. 1.-AR (ohms) us. molar concentration 
Data are Identities of curves are keyed to Table I. 

taken from Table 11. 

TABLE I.-COMPOUNDS STUDIED 
Compd. 

No. Compd. Mol. Wt. 
1 Sodium chloride 58.45 
2 Phenylephrine HC1 203.7 
3 Procaine HCI 272.8 
4 Diphnehydramine HCl 291.8 
5 Tetracaine HCl 300.8 
6 Dibucaine HCI 379.9 
7 Neostigmine bromide 303.2 
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TABLE II.-OHMS ( AR) versus MOLAR CONCENTRATIONS (C) FOR COMPOUNDS STUDIED 

Compd. No. G = 0.01 0.02 0 05 0.10 0.15 0.20 
1 17.8 34.8 86.0 169.1 338.5" 
2 17.3 34.7 83.3 161.7 238 3 314.0 
3 17.1 34.3 83.3 162.0 231.7 280.0 
4 17 3 33 9 81 4" 152.6= 202.7 240.6 ~~ - .  . _  _ _  . 
5 17.2 34.2 82. Oa 160. 4= 190 0 207.0 
6 17.4 34.2 82.0 106.8 113.8 121.0 
7 16.9 33.9 80.7 152.0 223.3" 304.0" 

a Average deviation between 2 and 4 ohms. 

TABLE III.-OSMOTIC COEFFICIENTS CALCULATED BY 4 = AR/Koc = AR/183Oc 
Comud. No. c = 0.01 0.02 0.05 0.10 0.15 0.20 -~ i 0.970 0.949 0.940 0.924 0.925 

2 0.945 0.948 0.910 0.884 0:868 0.858 
3 0.936 0.936 0.910 0.885 0.844 0.765 
4 0.845 0.926 0.890 0.828 0.738 0.657 
5 0.940 0.934 0.889 0.876 0.692 0.566 
6 0.947 0.936 0.896 0.583 0.415 0.303 
7 0.823 0.926 0.882 0.830 0.811 0.841 

T A B L ~  IV.-SODIUM CHLORIDE EQUIVALENT VALUES CALCULATED BY EQ. 2 
Compd. No. c = 0 01 0 02 0.05 0 10 0 15 0.20 

1 1.05 1.02 1.01 1.00 . . .  1.00 
2 0.29 0.29 0.28 0.27 0.27 0.27 
3 0.22 0.22 0.21 0.20 0.20 0.18 
4 n 2n n 21) n IF) 0.18 0.16 0.14 - _. 

5 0.20 0.20 0.19 0.18 0.15 0.12 
6 0.16 0.16 0.15 0.10 0.07 0.05 
7 0.19 0.19 0.18 0.18 0.17 0.17 

divisions. A 6 4 .  battery powered the bridge, 
causing the drops of pure solvent to be slightly 
warmer than the bath. 

RESULTS 

Figure 1 displays all of the compounds studied 
except neostigmine bromide which crosses curve 3 
with a nontypical slope that tends to confuse the 
figure. Table I lists the numbers used to identify 
the compounds throughout these tabulations. 
Table I1 shows the difference in ohms ( AR) between 
the resistance of the thermistor in contact with sol- 
vent and the resistance of the same thermistor in 
contact with the various solutions. All values 
are the average of three or more separate determina- 
tions and show an average deviation not greater 
than 2 ohms except as indicated. Table I11 shows 
osmotic coefficients calculated from these data, 
and Table IV presents calculated sodium chloride 
equivalent values 

DISCUSSION 

Osmotic coefficients are calculated by dividing 
the measured AR values by a KO value and also 
dividing by molar concentration. 

4 = AR/Koc 0%. 1) 

KO is evaluated by the method used by Burge (2), 
where 4 is a known osmotic coefficient for a solu- 
tion for which AR and c are also known. Data 
from Robinson and Stokes (6) and Burge (2), 
combined with present measurements on NaCl 
(Table 11) and previous measurements on sucrnsc 
(1). yield a weighted average value of 1.83 f 0.01 X 

lo3 for KO. This value for KO is then used to calcu- 
late Table I11 from Table I1 by the use of Eq. 1. 
It will be noted that very dilute solutions of all 
of these substances behave like typical electrolytes, 
but that above 0.05 M there is evidence to  indicate 
micelle formation. The ones with the more pro- 
nounced tendency to have very low osmotic coeffi- 
cients also have the structure of surfactants, more 
or less, and seem to lower surface tension. How- 
ever, a 1% solution of a compound having a molec- 
ular weight of 200 is only 0.05 M. Since most sub- 
stances of this nature have molecular weights above 
200, it would seem desirable to  replot the data on 
a percentaGe concentration basis. 

Figure 2 shows the effect of plotting the same data 
on a w/v percentage basis. It will be noted that 
all of the high molecular weight compounds give 
straight lines up to  2%. This, of course, is due 
to the fact that many of the higher concentrations 
studied do not appear on the graph. However, 
the selection of this scale allows for a graphic rep- 
resentation of isotonicity values and sodium 
chloride equivalents. The isotonicity value (per 
cent NaCI) (7) for any concentration of any sub- 
stance can be read off the per cent scale directly 
under the point on the NaCl line having the same 
AR value. This is illustrated by the directed lines 
going from 1 and 2% phenylephrine over to the 
NaCl line and then down to the per cent scale. 
These intersections are labeled E and 2E, respec- 
tively, because "isotonicity value" is defined as 
the concentration of a solution of NaCl that has 
the same colligative property as the solution in 
question (8). Since a 1% solution contains 1 
Cm./100 ml., the isotonicity value of a l<g solution 
is also thc sodium chloridc rquivalent of the sub- 
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When values from Table IV are compared with 
estimates of E made by Goyan et al. (4) on the basis 
of typical electrolyte behavior ( E  = 58/M), there 
is almost perfect agreement for 1% solutions. In 
cases where more concentrated solutions show ab- 
normalities by the freezing point method (5), there 
is essential agreement between the freezing-point 
method and this method, although some differences 
are slightly outside of the limit of error of this 
method. Table V displays this agreement. 

The AR values which are proportional to the 
osmotic coefficient as a function of concentration 
are shown in Fig. 1 for the various solutes. De- 
viations of the various curves from that of sodium 
chloride are assumed to be due to micelle or molecu- 
lar aggregate formation. The osmotic data may be 
used by the methods discussed by Phillips (10) 
and Philippoff (11) to estimate the number of 
monomer units making up the micelles. This will 
be the subject of a future paper. 

CONCLUSIONS 

The thermoelectric vapor phase osmometer 
originally described as a molecular weight apparatus 
is an excellent instrument for measuring osmotic 
coefficients, isotonicity values, and sodium chloride 
equivalents. All of the substituted amines studied 
show normal behavior in very dilute solutions. 
The present measurements are in better agreement 
with theoretical estimates than are freezing point 
data for 1 yo solutions. However, significant 
deviations from usual electrolyte behavior occur a t  
higher concentrations indicating solute association 
or micelle formation. Both methods are in ap- 
proximate agreement in this region. 
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Solutions. 

1 %  2’9. 

Fig. 2.-AR (ohms) us. per cent concentration. 
The arrows illustrate a graphic method for com- 
puting sodium chloride equivalent ( E )  values. 

TABLE V.-COMPARISON SODIUM CHLORIDE 
EQUIVALENT VALUES ( E )  

Compd. Table IV F.P. 
No. 5 8 / M  (0.05 M )  (1%) Table IV5 F.p.b 

2 0.28 0 . 2 8  0.32 0 . 2 7 A  0 . 3 0 A  
3 0 .21  0.21 0 .21  0 . 2 0 A  0.18A 
4 0.20 0.19 0 .28  0.14B 0 . 1 7 B  
5 0.19 0.19 0.18 0 . 1 2 B  0 . 1 2 B  
6 0.15 0.15 0.13 0.0523 0 . 0 8 B  
In the ne t to the last column, A represents 0.15 M and 

$1, the last column, A represents 3% concen- B 0.20 M .  
tration and B 5%, concentration. 

stance ( i , e . ,  that weight of NaCl that has the same 
colligative potential as does 1 Gm. of the drug) 

The graph in Fig. 2 is useful in demonstrating 
this concept, but analytical methods are more 
convenient. Since 1% NaCl has a AR value of 
290, and the curve may be treated as a straight 
line, AR/290 is the isotonicity value corresponding 
to  any value of AR. If this is read off for a per 
cent, P ,  of the compound, the isotonicity value for 
a 1% solution is AR/290P. Hence, E = AR/290P. 
Per cent ( P ) ,  however is cM/10. 

(9). 

Therefore 

where c is the molar concentration, M is the molecu- 
lar weight of the compound, and E is its NaCl 
equivalent. This equation was used in calculating 
Table IV. 
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