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The K, which is the » » of the charged to uncharged species, has

been shown to decreasc as the polarity of the solvent system is
reduced. KEdsall and Blanchard (23) demonstrated a reduction in K,
of 263,000 to 1000 for glycine as the polarity of a solvent system
was changed from pure water to 90 percent ethanol,

It has been shown (24) that the amino acids exist predominately
as charged dipoles even in semi=-polar solvents, If the attraction
which causes the solubility of the amino acid dipoles is defined as
being due to the highly polar water molecules, and the semi-polar
solvents are assumed to have too little polarity to cause any appreci-
able solubility of the charged portion of the amino acids, then it would
be expected that any reduction in solubility of the amino acids would
be directly proportional to a decrease in the aqueous content or
polarity of the solvent system,

This assumption of amino acid solubility behavior can be shown
in several ways, In Tables 4-8, the molar solubility of the amino
"~ acids studied is shown in 0%, 10%, 30%, 50%, 70%, 90%, and 100%
(v/v) solutions of methanol, ethanol, n-propanol, isopropanol, and
tertiary butanol, A reduction in solubility is seen in each solvent for
glycine, L=-alanine, L-valine, and Li-phenylalanine as the percent of
alcohol was increased, Therefore, it would seem in the case of these
four amino acids that the charged portion of the molecule dominates

the solubility characteristics of the entire molecule. The DL-amino-









TABLE 6.

MOLAR SOLUBILITY OF AMINO ACIDS
IN
n- PROPANOL-WATER SOLVENT SYSTEMS

Percent Amino Acids®
n-Propanol
(v/v) Glycine L-Alanine L-Valine L~-Phenylalanine
0 2,90 1.63 D474 . 172
10 1,99 1,22 «395 . 142
30 1,03 . 682 .255 . 134
50 . 486 . 356 . 175 . 127
70 . 122 . 110 . 056 .078
90 | . 008 . 009 . 009 .013

100 .011 . 002 .003 . 002

a . . .
Each value is an average of at least three determinations,
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TABLE 7.

MOLAR SOLUBILITY OF AMINO ACIDS
IN
ISO-PROPANOL-WATER SOLVENT SYSTEMS

Percent Amino Acids?®
Isopropanol
(v/v) Glycine L~Alanine L-Valine L-Phenylalanine
0 2.9 1.63 . 474 . 172
10 2,06 1.23 . 343 . 123
30 . 857 . 627 . 178 .093
50 . 365 . 274 . 097 . 076
70 . 081 . 070 . 039 . 047
90 . 008 . 006 . 006 . 009
100 . 004 . 005 .003 . 001

a . . .
Each value is an average of at least three determinations
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23
octanoic acid with a low solubility in those solvent systems used, was

not included in the above tables, since it was felt that accurate dif-
ferentiation in solubilities could not be determined, However, for
this amino acid it would seem that the nonpolar-polar ratio has
reached the point where the high charge of the dipolar portion of the
molecule is balanced by the non-polar six carbon n-alkyl chain to pro-
duce an invariant solubility, This would seem to correlate with the
findings of Cohn (25) in which most e -amino acids were found to be
less soluble in ethanol or ethanol-water mixtures than in water, and
as the side chains lengthened a point was reached where the ethanolic
solubility was greater than the aqueous solubility.

Figures 2-6 illustrate the variation in molar solubility of the
amino acids as the percent strength of the semi-polar solvents is
increased. The decrease in solubility can be seen to be a non-linear
curve rather than the proportional linear decrease which would be ex-
pected as the polarity of the solvent system was decreased in discrete

.increments. In methanol-water and ethanol-water solvent systems,
glycine shows a greater decrease in solubility than L-alanine as the
percent alcohol is increased. This correlates with the work of Dunn
and Ross (26) which shows the same crossover in solubilities as the
percent ethanol was increased. In the remaining solvents the solubility
decreases in an orderly non-linear fashion with a merging of values at

high alcoholic concentrations., It would secem that as the overall polarity
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of the different solvent systems is decreased, the amino acid solu-
bility decreases in a more regular manner,

By calculating the molarity of each component and determining
the density, the mole fraction and the average number of solvent
molecules per solute molecule can be calculated. For example, in
pure water, the solubility of glycine is 2, 9 molar and water is 46, 8
molar and, using the density to calculate the mole fraction, glycine
is found to be equal to 0,058 and water equals 0,942. Dividing through
by the mole fraction of glycine, it is found that for each molecule of
glycine, there is an average of 16 water molecules present, Ia this
way, the eff.ect of an increase in the nonpolar-polar ration on the
solubility characteristics of each of the amino acids can be shown
more clearly. In Tables 9-13, the ratio of solvent per solute mole-
cules in 0%, 10%, 30%, 50%, 70%, 90%, and 100% (v/v) is secen for
each of the solvents studied. In a pure aqueous system at saturation
solubility, each molecule of glycine has 16 molecules of water available
for interaction, L-alanine has 30, L-valine has 110, and L-phenylala~
nine has 308, In columns one and two for each amino acid, the water=~
solute and semipolar solvent-solute relationship can be seen. This
relationship between the solute and the components of the mixed solvent
system can be calculated by using the experimentally determined density
of the system and the molar solubility of the amino acid, Firstly, the
mole fraction of the amino acid as rclated to the entire solvent system

is calculated, Then the mole fraction of each of the remaining solvent
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TADLE 9,

THE RATIO O SOLVENT MOLECULES PER SOLUTE MOLECULE

IN THE METHANOL-WATER SOLVENT SYSTEMS AT 25°C

Glycinc © L-Alanine L~Valine L-Phenylalanine
Pcrcent Ratio® Ratio® Ratic® |Ratid® Ratid® Ratic®| Ratid* Ratid® Ratic®| Ratid® Ratio® Ratic®
Methanol 1 2 3 1 2 3 1 2 3 1 2 3
v /v) )
0 16,0 — —— 30,0 — — 110,0 -~ —_ 306.0 - —
10 26,3 1.3 20,2 32,3 1.6 20,6 135,2 6,8 20,6 | 338.2 16,7 20.2
30 59,2 11,3 5.,23] 50,1 9.5 5,27} 184,3 35,0 5,26/ 388.4 73,6 5.28
50 132,6 58,7 2,261 75.3 33,3 2,26 228,9 101,3 2,26| 333.,0 146.6 2,21
70 175.2 181,0 L9971 140,9 145.0 o 97 190.5 196.1 .97 243.5 250.5 .97
90 334,2 1332 251 218,6 867 225 225,4 898 .25] 155,5 618,606 .25
100 - 2499 —_— - 2082 - - 1999 —— — 1123 -

4Ratio of water to solute molecules
bRatio of methanol to solutec molecules

€Ratio of water to methanol molccules per solute molccule
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THE RATIO OF SOLVENT MOLECULES PER SOLUTE MOLIECULE

TABLE 10,

IN THE ETHANOL-WATER SOLVENT SYSTEMS AT 25 C

Glycine L-Alanine L-Valinc L-Phenylalanine
Pcrcent Ratio?® RatioP RatioC| Ratio? RatioP Ratio| Ratio® RatioP Ratio® Ratio?® RatioP RatioC
Ethanol 1 2 3 1 2 3 1 2 3 1 2 3
(v/v)
0 16,0 — — 30,0 -~ — 110,0 — —_ 308.0 —- —_
10 22,6 .16 29,9 35,7 1,21 29,4 132, 6 4,42 30,0 1339.6 11,6 29,3
30 45,7 5. 95 7.68] 53,2 6,96 7,63 213,3  27.9 7,66 [420.3 54,8 7,68
50 95.1 29.0 3,284 87.4 26,6 3,29 [297.4 90.7 3.28 |1352.4 107.4 3.28
70 224,2 1596 1,40( 220.0 G2 1,41 381.1 271, 2 1,41 §333,4 237.1 1, 41
90 445,0 1220 W37 356,0 976 . 37 523,5 1435 .37 1404.6 1109 . 37
100 - 4999 —_ —_ 9090 - — 5881 ~- - 9090 -

aRatio of water to solute molecules
Ratio of ethanol to solute molccules

CRatio of water to cthanol molecules per solute molecule
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TADLE 11,

THE RATIO OF SOLVENT MOLECULES PER SOLUTE MOLECULE

IN THE n-PROPANOL-WATER SOLVENT SYSTEMS AT 25°C

Glycinc - L-Alanine L-Valine L-Thenylalaninc

Percent Ratio® Ratio” Ratio®| Ratio® RatioP? Ratic®| Ratio® Ratic® Ratid] Ratio® Ratid® Ra.
n-Propanol 1 2 3 1 2 3 1 2 3 1 2 3

(v/v) B

0 16,0 — — 30,0 —- o 110.0 - — 307, 6 —_ —

10 22,2 0.5 37,3 38.0 1.0 38,0 119,3 3.1 38,7 {344.6 8.9 38.9
30 35.4 3.6 9, 84 54,4 5.5 9.81 (146.3 148 9.901281,1 28,6 9, 84
50 53,1 12,6 4,21 74,8 17,7 4,23 |154,2 36,7 4,211208,2 49,4 4,22
70 133,0 73,4 1,81 }151,3 83,5 1,81 ]289.6 159,9 1.811209.2 116,0 1,80
90 694,0 1478 0,47 [ 652,2 1308 0,50 |631,2 1329 0,481431,2 919 0,47

100 — 1110 — - 6666 s - 4544 —_ — 66606 —

8Ratio of water to solute moleculces
Ratio of n~propanol to solute molecules

CRatio of water Lo n-propanol molecules per solute molecule
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TABLE 12,

THE RATIO OF SOLVENT MOLECULES PizR SOLUTE MOLECULE

IN THE ISOPROPANOL-WATER SOLVENT SYSTEMS AT 25 C,

Glycine . L-~Alanine L-~Valine

L-Phenylalanine

Percent Ratio? Ratio® Ratio® | Ratio® Ratio? Ratio® |Ratio? Ratio” Ratic® |Ratio? RatioP Ratio®
Isopropanol 1 2 3 1 2 3 1 2 3 1 2 3
(v/v)
0 16,0 - — 30,0 - — 110,0 - —  |308.0 - —
10 21,7 0,56 38,8 36,8 0,98 38,0 | 133.3 3,44 38,7 [400.1 10,3 38,9
30 42,4 4,2 10,0 5.9 5,9 9,9 |213.9 21,5 10.0 |417.9 41,9 10.0
50 73,9 17,0  4,35| 97.1 22,7  4,37(281.6 65,9  4,30[359.4 84,0 4,30
70 215,0 117.3 1,83 232,9 127,1  1,83]418,6 229,9  1,82]349.0 190.3 1,84
90 735,0 1765 0.42 | 919.6 1937 0,47| 946,2 1994  0,48|619.0 1304 0,48
100 — 3332 — - 2563 — | - 4347 — | — 14284 .

— e —— e v

@Ratio of water to solute molecules
bRatio of isopropano] to solute molecules
c . .
Ratio of water to isopropanol molecules per solule molecule
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systems used,

Teables 14 - 17 show the eifect wch of the amino acids in
the five solvent systems used in the forrm of a second degree cquation,
Tae sccond degree polynomial ecuation was considered most venresci-
tative since the sum of the squares of tne deviation about the regression
in tne analysis of variants showed little improvement when the third
degree or higher polynomiial equation was calculated. The Y intercent
in each table is representative of the average solubility in a pure acueous
solvent. The coefficients of the X and x2 terms deiine the curve of the

"
3

line. It was not expected that the polynomial regression cquation wouid
precisely define the solubility of the amino acids, In Table 14, the
proximity of the Y intercept values which range from 2., 65204 to
2.79148 with a true solubility of 2,9 M, in purc water can be scen.
The X and XZ values also show a similarity. In Table 135, L-alanine
shows & range of 1,57939 to 1.663%0 in the Y intercepts with a itrue
aqueous solubility of 1,53 M. A range of only 0,08455 as compared
to tne range of 0, 13944« for glycine, thereby showing a closer approxi-
mation of the true solubility, This is expccted since the average of the
sum of the squares of the deviation about the regression for L-alanine
in all solvents is only 0,00538 as compared to 0, 11104 for glycine.
The sum of the sauares of the deviation about the regression is a
measure of the closeness of fit between the data points calculated

from the computed polynomial equation and those data points observed

experimentally. (29) In Tables 16 and 17 the computed polynomial



TdE POLY NOMIAL REGRESSION DATA GENERATED ROM

TEE MOLAR SOLUBILITY OF GLYCINE AS A FUNCTION

Or THE PERCENT STRENGTH OF THE SOLVENT SYSTEM

Solvent System® Y Imtercept Coefficients
X X2
Methanol 2,6320 -0,9743 0. 0005
Ethanol 2,7823 -0,0758 0. 00385
a=-Propanol 2,7591 ~0, 0564 0.000%
Isoprcepanol 2,7915 -0.0721 0.0C05
Tertiary
butonol 2.7303 -0, 0676 0.0600~

Molar solubility values of Glycinc in 0 to 100%(v/v) of each solvent
- system were used to generate the poiwynomial equation
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