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Gelatin when dissolved (dispersed) in water is characterized by its
power of jellying and liquefying reversibly within a comparatively nar-
row range of temperature. 'This change appears to be capable of indefinite
repetition, if high temperatures are avoided in bringing about lique-
faction. ‘

When the solution is heated above 60 to 70° the power of jellying,
when cooled, is gradually destroyed, the more rapidly the higher the tem-
perature. Heating for a few minutes at 140° under pressure suffices to
destroy the jellying power completely. Gelatin thus changed (probably
hydrolyzed) is known as j-gelatin. B-Gelatin does not show mutarota-
tion. Ordinary gelatin, on the other hand, does possess this property
and, so far as is now known, is the only protein which does so.

Comparatively little study of the rotatory power of gelatin appears to
have been made. Trunkel! in a report of his study of the optical rota-
tion of solutions, or sols, of gelatin (Leim) states, referring to work of
de Bary,? Kriiger,® and Framm?* that the extent of our previous knowledge
on the subject may be summarized by the statement that the specific
rotatory power of gelatin changes with the temperature and that con-
tinued heating at 100° gives a product B-gelatin, the specific rotatory
power of which is lower than that of ordinary gelatin.

Trunkel employed solutions of gelatin varying in concentration from
0.22 to 0.909, prepared by heating for 6 to 8 hours at 80°, and it is proba-
ble, as he himself states, that some change in the composition of his ma-
terial may have been produced by this treatment. Moreover, in some
cases his readings were made uncertain by opalescence even after filtra-
tion. It is, therefore, not surprising that his measurements were varia-
hle. Trunkel did not find constant specific rotation at low tempera-
tures. Especially significant, however, are his conclusions:

(1) That the specific rotatory power of a gelatin solution at tempera-
tures between 30°and 80° is practically constant; (2) that when such a
solution is cooled to a temperature of 10°to 15°an increase in levorotation
takes place, but that this change takes place gradually and constant
rotation is not reached for some time; and (3) that the change in rotation

! Biochem. Z., 26, 493 {1910).
? Hoppe-Seylers ‘‘Medizinisch-Chemische Untersuchungen,’’ 1, 71 (1866).

3 Mayls ‘‘Jahresberichte {iber die Fortschritte der Tierchemie,” 188g, p. 20.
¢ Avch. ges. Physiol., 68, 144 (1897).
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is reversible with the temperature, provided long-continued heating at
high temperatures is avoided.

The writer, in the course of the examination of a large number of sam-
ples of gelatins was led to investigate more fully the significance of this
change in the rotatory power of gelatin solutions.

Measurements of the Specific Rotation of Gelatin.

No method for the preparation of chemically pure gelatin has yet been
discovered. Metheds of purification based upon repeated precipitations
with alcohol are not satisfactory. After a considerable study of this and
various other methods of purification had been made, it became evident
that commercial samples would have to be used for the purpose of this in-
vestigation. The greater part of the material used was from imported
gelatins said to have been made from ossein. The data given in the
tables were obtained on such gelatins. A few samples of hide and Russian
isinglass gelatins were prepared either by the author in the laboratory or
under his direction in gelatin manufacturing plants in this country. It
is believed, however, that if it had been possible to prepare and use chem-
ically pure gelatin the conclusions drawn would not have been appreciably
affected.

The solutions (or sels) were prepared from the powdered air-dried sam-
ples by soaking for a few minutes with water in a graduated flask, heat-
ing on the steam-bath for 10 minutes, cooling, and making up to volume
at- 35°. Prolonged heating and temperatures higher than 6c° were

Tapre I.

Rotations of Solutions of Commercial Gelatinsg Kept at 15° for 6 Hours.
Concentra~ Specific Concentra- Specific
tion (g. per Angular rotation. tion (g. per Angular rotation,

100 ce.). rotation. {alp. 100 cc.). rotation. [a]p.

Sample 806. Sample 705.

I.eeoov... —I.56° . -——159.0° T, —1.96°  ~-106.0°

- 2 3.31 166 .0 2o 4.07 204.0

K TN 5.09 170.0 B 6.24 208 .0

LT 8.65 17%.0 B 10.34 207 .0

L e 12.13 173 .0 /2 14.69 210.0

Sample 80s. Sample 803.

1., -1.90° —190.0° SN -—2.44° 244 .0°

2.. 3.90 195.0 -2 4.94 247 .0

3. 6.03 201.0¢ [ I, 7.50 250.0

5.. 10.22 204 .0 5 ' 12,40 ‘ 248 .0

T 14.38 205 .0 T 17.32 247 .06

IO, . ciiains 24.60 246 .0

Sample 407. Sample 670.

1.. —2.44° —244.0° | S —2.46° —246.0°

2,. 4.92 246.0 2. 5.00 250.0

4. .. 9.89 247 .0 B 7.57 252.0

Bovrrnvnnnn 12 .35 247 .0 |- 12.61 252 .0

Feesasonons 17.15 245.0 T, 12.57 251.0
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avoided. The solutions so prepared were clear even with concentra-
tions as high as 7 to 10 g. per 100 cc. Most of the readings were made
through the gels which do not appear to influence the reading in any
way. No corrections have been made for moisture, ash, or variations in
specific gravity. The light used in all work with the polariscope was
filtered through a solution of potassium dichromate.

A few measurements obtained in preliminary work on different samples
are given in Table I. These measurements show that the specific rota-
tion tends to approach a constant value which is different for the different
samples, probably because of the different degree of purity or “strength”
of the samples.

More extended measurements of rotation were made between 10° and
45° on sample 670. The results are given in Table II. Sufficient time
was allowed for the readings to become constant at the given tempera-
ture. Above 33° constant rotation is quickly attained if the solution after
a preliminary warming to 37° to 40°, is brought to the desired tempera-
ture. To obtain constancy between 17° and 33° it is necessary either to
maintain the solution for 10 to 15 hours at the desired temperature or,
better, to cool about 2° to 3° below, until the calculated rotation is reached
and then maintain at the desired temperature. Below 17° maintenance
of the desired temperature for 10 to 12 hours is required. Constant rota-
tion is more quickly obtained in the more concentrated solutions. In
the higher concentrations about 909, of the change takes place in 6 hours.
With concentrations below 1 g. per 100 cc. more time is required than
that stated above.

TasLg 11,
Specific Rotations of Gelatin at Various Temperatures. Sample 670.
Concentra- Specific rotations at temperatures.
tions (g. per
00 ce.). 10°. 15°, 16°. 17°. 18°. 19°, 20°.
I.... =—260.0° —256.0° —250.0° -—241.0° R ~—226.0° —215.0°
2., 265 .0 263.0 251.0 246.0 RN .230.0 224 .0
3. 266 .0 265.0 253.0 248 .0 e 233.0 227.0
5.. . 267.0 266 .0 254.0 248 .0 236.0 229.0
Toon 266.0 266 .0 253 .0 246 .0 234.0 230.0
2z°, 23°, 24°. 26°. 26°, 27°. 29°,
i.... —201.0° —i188.0° —180.0° —i64.0° -—156.0° —I142.0° —I123.0°
2. 212.0 201.0 195.0 183.0 173.0 156.0 126.0
3.. 215.0 207.0 202.0 187.0 175.0 164 .0 129.0
LT 218.0 211.0 208 .0 197.0 186.0 176.0 138.0
7 220.0 215.0 211.0 206.0 196.0 187.0 144 .0
32¢, 35°, 40°. 45°.
I.... —120.,0° —120.0°
Zains 121.0 120.0
Bor .- 121.0 121.0 119.0 117.0
S.e . 124.0 I121.0 118.0 116 .0
Teons 125.0 121.0 .
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The behavior shown by the gelatin represented by Sample 670 is ex-
hibited by all gelatins of the best manufacture. At and above 35° the
specific rotatory power is practically constant even with widely varying con-
centrations except for such changes with the temperatures as are usually
observed with optically active substances. Another and quite different
specific rotation is shown at 15° which is constant at this and lower tem-
peratures for widely varying concentrations except that it changes slightly,
as might be expected, with progressive lowering of the temperature.

To determine more definitely what the specific rotations are at these
temperatures, a considerable number of the finest gelatins were picked
out by appearance, noting particularly the color and fracture of the sam-
ples. 'The results are given in Table III. For comparison, the values
for the specific rotation at an intermediate temperature, namely, 25° are
given.

TasrLy III.
Specific Rotatory Power.
(Concentration, 3 g. per 100 cc.)

Tetmperature.

Sample

number, 35°, 25°, 15°,
OB v e —~121.8° —189.4° —266.0°
(32 120.6 188 .2 265 .7
AOT v e e s 121.2 188.8 270.0
502 s 123.0 189 .4 270.2
o T 121.2 188.8 270.2
BB i e 123 .0 189.4 271.3
.3 121 .2 189 .4 270.2
[53 € J 121.2 189 .4 270.2
303 e et e e 123.0 191.7 271.3
2 123.0 190.0 271.6
SAG . 123.5 190.0 271.6

These values show a remarkable uniformity. The acidity of these
gelatins was nearly constant, varying between 3.2 and 4.0 cc. of 0.01 N
alkali for 3 g. of the sample, using phenolphthalein as indicator. Three
ce. of a 109, solution of sodium acetate was added to all samples to reduce
the hydrogen-ion concenitration since the effect of hydrogen ions is to re-
duce the rotation, although slight difference is noted when the concen-
tration of the hydrogen ion is no greater than in these samples.

At 35° the specific rotatory power [a]p, of the purest gelatins obtain-
able on the market at the present time, is therefore found to be —123°.
Assuming a moisture and ash content of 11.49, and 1.69, respectively,
which are perhaps average values, [a]p at 35° becomes —141° on a mois-
ture- and ash-free basis. When cooled to 15° or below, [a]p is found to
be about —272°, or —313° when calculated to a moisture- and ash-free
basis.
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The ratio between [a]p at 35° and 15° is 2.21 : 1. ‘This ratio is about
the same for the best grades of commercial gelatin whether obtained
irom bones, hides, or Russian isinglass. Gelatins from other sources
have not as yet been investigated.

The behavior of gelatin under the conditions described above leads to
the conclusion that we are dealing with two chemical forms; one stable
above 33° to 35° which we shall call the sol Form A, and another form
which will be called the gel Form B, existing at lower temperatures. Itis
belleved, as will be discussed later, that it is the Form B which produces
gelation.

The probability of the existence of two forms of gelatin is strengthened
by the appearance of the graphical representation of the data given in Table
11, as shown in Fig. 1. ‘The dotted line is the line of separation between the
sols and the gels. Above the line, the readings were through gels, and be-
low, through the sols. The method of distinguishing between sol and
gel is given later. 'This figure also shows that in the higher concentra-
tions the change in rotation produced by the transformation of Form A
into Form B takes place more quickly than in lower concentrations and
that the transformation is practically complete at 15°. The condition at
any intermediate temperature between 35° and 15° is one of equilibrium,
which may be represented by the equation

Sol Form A . Gel Form B.

Tt has already been stated that Trunkel found the change in rotation
o be reversible with the temperature. This has been fully corroborated
by the writer. A further investigation of the nature of the reaction has
been made, based upon the assumption that the change in rotation is
proportional to any chemical change involved.

Velocity of Mutarotation.

The velocity of mutarotation has been followed polarimetrically by
rapidly cooling the gelatin solutions from 35° to 26° or below in a 2 dem.
water-jacketed tube. The readings given in Tables IV, V and VI were be-
gun after 2 minutes’ cooling to the specified temperature at which time
¢ = 0. ‘The time (¢) is given in minutes. The readings given for ¢ = «,
in Tables IV and V, is the value obtained by approaching the condition
of equilibrium from both sides, that is, by cooling to the specific tempera-
tures and by cooling somewhat below it and then bringing the tempera-
ture up to that specified in the tables.

The values which have been calculated for 100 % and given in Table VI
were obtained by assuming that —240° represents the specific rotation
at the end of the bimolecular reaction before the effect of any secondary
reaction is appreciable. The rotations for the 2 and 3 g. concentrations
would be —4.80° and —7.20°, respectively, and these rotations have been
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used in Table VI instead of the rotations at ¢t = « given in Tables 1V
and V.

TasLg IV.
Velocity of Mutarotation at 20°.
Sample 670.

Cone, 1 g. per 100 cc, Cone, 2 g. per 100 ce. Cone. 3 g. per 100 ce.
L Rot. 100 k. L. Rot. 100 k. L Rot. 100 k.
o -—1.28° ... o —2.,61° o —4.07° ..
2 1.32 2 2.77 .. 2 4.39 2.76
4 1.37 3.0 4 2.91 2.74 3 4.54 2.90
8 1.42 2.6 6 3.02 2.69 4 4 .66 2.86
14 1.51 2.8 9 3.15 2.61 5 4.75 2.78
20 1.58 2.8 12 3.27 2.64 6 4.85 2.80
28 1.64 2.7 16 3.39 2.63 8 4.99 2.70
44 1.74 2.7 19 3.46  2.58 10 5.12 2.66
56 1.79 2.6 27 3.64 2.71 12 5.24 2 .66
66 1.82 2.5 35 3.78 2.64 14 5.33 2.65
84 1.87 2.6 48 3.90 2.87 18 3.49 2.63
100 1.92 2.5 64 3.98 2.70 22 5.63 2.70
126 1.96 79 4.07 2.90 25 5.70 2 .66
141 1.98 ® 4.42 .. 31 5.80 2.55
o0 2.18 (@ = 1.81) .. 58 6.13 2.65
(@ = 0.90) 71 6.20 2.50

=] 6.65
(@ = 2.58)
Cone. 4 g. per 100 ce, Cone. 5 g. per 100 ce.

2 Rot. 100 %, t. Rot, 100 &.
0 —5.47° .. o —6.89° ..
2 6.01 2.78 I 7.32 2.84
4 6.42 2.85 2 7.70 2.89
6 6.67 2.69 3 7.96 2.78
7 6.79 2.67 5 8.40 2.94
9 7.01 2.70 7 8.75 2.82
10 7.12 2.77 8 8.89 2.78
11 7.17 2.68 9 .02 2.80
12 7.24 2.66 11 9.26 2.90

14 7.38 2.70 14 9.46 2.78
16 7.48 2.66 18 9.73 2.90

20 7.65 2.63 22 9.85 2.70

23 7.76 2.65 28 10.01 2.76

32 8.02 2.76 30 10.09 2.66

47 8.22 2.65 36 10.24 2.75

=} 8.87 N 44 10.32 2.57

(@ = 3.40) 70 10.59 2.77
0 11.05

(@ = 4.16)
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Tasry V.
Velocity of Mutarotation at 19°.
Sample 393. Sample 562.
Conc, 3 g. per 100 cc. Cone, 3 g. per 100 ce,
I3 Rot 100 &. i Rot. 100 k.
o —4.25° o) —4.29°
1 4.45 1 4.48
2 4.61 .. 2 4..66 .
3 4.76 2.77 3 4.80 2.67
4 4.92 2.86 6 5.18 2.80
5 5.04 2.85 7 5.26 2.74
[+ 5.14 2.82 9 5.42 2.71
7 5.23 2.80 11 5.56 2.73
9 5.42 2.90 13 5.68 2.75
i0 5.49 2.89 14 5.73 2.75
11 5.54 2.84 16 5.82 2.73
12 5.59 2.80 17 5.85 2.70
15 5.78 2.93 20 5.095 2.70
17 5.85 2.87 25 6.10 2.65
19 5.89 2.73 30 65.18 2.52
24 6.06 2.8 40 6.35 2.54
30 6.18 2.72 45 6.39 ..
40 6.34 2.52 50 5 .46 2.53
45 6.37 6o 6.35
52 6.45 .. 70 6.60 ..
60 6.51 2.60 90 6.68 2 .40
70 6.56 .. 120 6.77
80 6.61 2.53 150 6.84
90 6.63 .. 183 6.89
115 6.72 .. 210 6.93
150 6.82 . 245 6.98
210 6.89 .. o0 7.08
o 7.03 ‘ (@ = 2.79)
(@ = 2.78)

From the data in Table IV we may calculate the time required for half
the total change in rotation. For the different concentrations it is as

follows:
Approximate time required for

Concentration, 1/2 the total change in rotation.
g. per 100 cc. Minutes.
Lttt et e e e e e e e 44
72 22
B e e i e e 15
P 11
7S A P 9

The time varies inversely as the concentration which leads to the con-
clusion that the reaction taking place is bimolecular. The simplest ex-
planation of this is believed to be the assumption that two molecules of
the sol Form A combine to form oue molecule of the gel Form B. The
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TasLg VI
Velocity of Mutarotation at 15°,
Sample 393.
Conc. 2 g. per 100 ce. Conc. 3 g. per 100 ce,

1. Rot. 100 %, i Rot. 106 k.
o ~—2.96° o —4.57°
1 3.15 6.2 1 4.92
2 3.29 6.0 2 5.20 7.3
3 3.40 5.7 3 5.44 6.3
4 3.52 6.0 4 5.61 6.3
5 3.64 6.4 5 5.77 6.4
6 3.72 6.5 6 5.89 6.3
7 3.79 6.4 7 6.03 6.8
8 3.86 6.5 8 6.12 6.8
9 3.92 6.6 9 6.18 6.7
10 3.98 6.7 10 6.25 6.7
11 4.03 6.8 12 6.39 7.1
12 4.09 7.2 14 6.50

14 4.16 7.3 17 6.62

16 4.24 7.9 20 6.74

18 4.28 7.6 22 6.77

20 4.33 8.0 25 6.84

22 4.38 30 6.93

24 4.42 35 7 .00

26 4 .44 45 7.10

30 .4.50 6c 7.20

35 4.59 75 7.27

40 4.63 90 7.32

50 4..68 120 7.26

60 4.75 150 7 .41

70 4.78 180 7.46

80 4.80 (¢ = 2.63)

100 4.85

150 4.95

{a = 1.84)

velocity of mutarotation has been found to be represented by the usual
equations for a bimolecular reaction in which the two reacting substances
are present in equivalent proportions. For a reaction of this kind
dx/dt = k(a — x)* which when integrated gives k = 1/t . x/a(a — x).
At temperatures between 35°and 15° we probably have a condition of
equilibrium which strictly speaking, should be represented by the equa-
tion '
dx/dt = k(a — x%)? — k’x.
The simpler equation has been used for calculating the velocity constant.
This constant will be nearly equal to the sum of the constants & and k&’.
Multiplied by 100 the values so obtained for this velocity constant at 20°
and 19° are given in Tables IV and V, respectively. They show a fair
degree of constancy. The value of this constant is approximately o.027
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in both cases. Since at 19° there must be a displacement of the equilib-
rium in favor of the formation of more of Form B than is formed at 20°,
the fact that the constant is nearly the same in both cases is probably due
to the increase in & being about equal to the decrease in &'

At 15° the velocity of the reaction is so great that the errors in reading
are large. ‘The values for 100 %k obtained show a degree of constancy
sufficlent to lead to the belief that at 15°, also, the principal reaction in-
volved is the bimolecular reaction of the formation of Form B from Form
A, Apparently at this = o, 775%
temperature the bimolecu- = \
lar reaction is disturbed to
some extent by some other .,
reaction, possibly of a «
monomolecular nature,
which takes place at the
same time. At 17° the ,
values for the specific rota-
tions of gelatin in varying
concentrations first come
into approximate agree- Temperature
ment at about —240°, A - = s = = =
comparison of the change in
rotation at 15° and 10° for various concentrations given in Table VIII
below shows that at this temperature the values for the specific rotation
likewise first come together at about —240° and then slowly increase with
time, but remain together for the different concentrations.

Specitic Rotations
[a], Concentrations
060423 5, 7 grams
at
Equilibrium

g
Rotation 1n angular degrees

N S0/ Farm A

Fig. 1.

TasrLg VII
Change of Specific Rotation with Time for Different Concentrations at 15°.
(Sample 393. Specific Rotation at 35° = —123°)
Concentra- Specific rotations,
tion (g. per
100 ce.). 20 30 60 o0 150 minutes,
- -—216.5° —225.0° —238.2° —242.5° —247.6°
Boveerii e 224 .0 231.0 240.1 242.6 248 .5
Goveono s 226.0 231.0 241.6 243.3 248.5
e 228.0 232.0 240.8 244 .2 247 .6
TasrLy VIIL

Change of Specific Rotation with Time for Different Concentrations at 10°,
(Sample 303.)

Councentra- Specific rotations.

tion (g. per N

100 ce.), 30 80 140 200 350 minutes.
. ~—242.8° —231.1° -—256.2° -—260.0° —263.3°
- N 251.1 256.2 260.0 262 .4 266.7
T 254.5 259.9 262 .4 264.1 266 .0

L S 256.2 259.9 261.0 264 .0 266.7
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Conditions of Equilibrium.

In view of the probable existence of two forms of gelatin, an assumption
which is strongly supported by the data given in the preceding pages,
we may apply the mathematical expression for the condition of equi-
librium, which in this case is k(e — %)% = k’x, and expect the rela-
tion (¢ —x)%/x = k’/k = K, where K is the equilibrium constant, to hold
for different concentrations at any given temperature between 17° and
33° t0 35°. Thetemperatures 17° and 35° represent nodes of the specific
rotation, since the specific rotation is practically constant beyond these
points (see Fig. 1).

Temperatures near the belly of the curve (about 25°) were selected and
careful measurements of the equilibrium rotations made, using o.10 g.
of sodium acetate per 100 cc. per g. concentration to reduce the hydrogen-
ion concentration.

That this relation does hold is shown by the data given in Table IX (a),
the difference between the rotations produced by one gram of gelatin at
33° to 35° (about —1.20°) and at 17° (about —=2.40°), is 1.20. % is
the difference in rotation between that at 33°and 35° and that at the
specified temperature. x is assumed to be proportional to the percent-
age of Form B and (o — %) proportional to the percentage of Form A
present when the two forms are in equilibrium.

TaBLE IX.
Equilibrium between Forms A and B at Temperatures 24°, 25° 26° and 27°.
Concentration, Equilibrium
g. per 100 cc., rotation. . e-—x (a~—2x)xmK,
24.°,
Lttt s et e e —1.80° 0.60 0.60 0.60
2 e et e e 3.89 1.49 0.91 0.57
< 2 6.06 2.46 1.14 0.53
B e 10.38 4.38 1.62 0.60
25°,
et e e —1.68° 0.48 0.72 1.08
2N 3.66 1.26 1.14 1.03
S APt 5.66 2.06 1.54 1.15
S 9.87 3.87 2.13 1.%7
26°
R —1.56° ©0.36 0.84 1.96
-2 3.45 1.03 1.35 1.73
O 5.35 1.75 1.85 1.96
TN [T 0.32 3.32 2 .68 2.16
27°.
I —1.42° o0.22 0.98 4.4
2 e e 3.12 0.72 1.68 4.0
2 4.92 1.32 2.28 4.0
1S S, 8.80 2 .80 3.20 3.7
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Other Evidence of the Existence of Two Forms of Gelatin.

In solutions of gelatin at temperatures below 30°, the gelatin is either
precipitated or the solutions made opalescent by the addition of alcchol
to the extent of 159%,. All commercial gelatins tried behave in this way.
If the gelatin concentration is high an opalescent jelly is produced.
When opalescence only is produced, it is probable that coalescence is pre-
vented by electrical charges on the particles, since a drop of a solution of
alum or a feeble electric current has been found to produce coagulation
in such cases. Such gelating as coagulated without this treatment proba-
bly contained an appreciable quantity of some electrolyte.

Ahove 35°, precipitation requires very much larger proportions of alco-
hol, about 45 to 509, unless a comparatively large amount of some elec-
trolyte is added.

Moore and Roaf,! as the result of their measurements of the osmotic
pressure of gelatin solutions, conclude that ‘““when the temperature is
lowered, so that it les just above the point at which a jelly is formed,
there is no sudden fall in pressure, but if it is kept for some days at this
temperature, a very marked continuous fall is observed, showing that, in
the neighborhood of the temperature of formation of the hydrogel, a rapid
aggregation to form much larger solution aggregates occur.”

Similar conclusions may be drawn from the viscosity measurements
of von Schroeder,? and from observations made by W. Menz? in connec-
tion with the determination of the “gold numbers’’ of gelatin.

Conditions of Gelation in Aqueous Solution,

Since gelatin is favored by low temperature we might expect a more
or less definite concentration of Form B, stable at low temperatures, to
be requisite for the production of gel, and that the formation of this amount
of Forin B would be accompanied by a corresponding change in rotation
from that observed at 35°.

0.55 g. of gelatin in 100 cc. of water is the minimum quantity of gelatin
which produces a gel near 0°. For increasing concentration of gelatin
there are maximum temperatures above and below which sol and gel, re-
spectively, are stable for any length of time. The writer considers these
temperatures to be the true melting points. The melting points of gels,
as ordinarily determined, are temperatures at which the gels melt within
certain arbitrary short periods of time, and hence are not identical with
" these maximum temperatures. For this reason the melting point, as
ordinarily determined, does not agree with the ‘‘setting temperatures”
and statements are found in text-books and elsewhere to the effect that
a solution of gelatin sets at, say 21° and that the gel melts at, say 26°.

1 Biochem. J., 2, 52 {1907).

2 Z. physik. Chem., 48, 75~117 (1903).
3 Ibid., 66, 120~137 (1909).
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If maximum gelation temperatures are taken as melting points, then
setting temperature and melting point become the same.

For the determination of maximum gelation temperatures the expedient
was adopted of cooling the sol 2 to 3° below the expected temperature,
maintaining the temperature at this point until gel was produced and then
transferring to a constant temperature bath held at the expected tempera-
Ture. At this temperature the gel should show continuously for several (3
or 4) hours the selected condition of viscosity. In these experiments
polariscope tubes were used and the viscosity selected to mark the transi-
tion from sol to gel was such that a bubble of air about 4.5 mm. in diam-
eter admitted to the tube moved vertically with a scarcely perceptible
motion of about one centimeter in 4 seconds. Data obtained in this way
are given in Table X.

TasLe X.
Maximum Gelation Temperatures.
Concentra- Maximum Polarization at Polarization at Difference,
tion, g. per gelation temp. at 35°C. De- gelation temp. De- Degrees
100 ce, Degrees, grees of rotation, grees of rotation. of rotation.
0.55 0.0 —0.70° ~—1.51° 0.81°
0.60 15.0 0.73 1.53 0.80
1.00 22.0 I.21 2.01 0.80
2.00 26.2 2 .42 3.22 0.80
2.73 27.0 3.30 4.16 0.86
4.00 27.5 4.84 5.77 0.93
5.00 28.0 6.05 7.09 1.04
6.00 28 .4 7.26 &.50 1.24
7 .00 29.3 8.47 .. ..
8.00 29.7 9.68 11.07 1.39
10.00 30.0 12.10 13 .66 1.56
15.00 30.5 18 .15 .. S
20.00 31.5 24.20 26 .47 2.27

It is apparent that the maximum gelation temperatures approach 33°,
the upper limit for Form B. 'This is shown graphically in Fig. 2. 1t is

also to be noted that for
P IR Ypper Limit of Gof formb .. concentrations of gelatin
‘._.—-"—”‘"‘"—"K

» Mﬁwﬁ 2 between o.60 and 4 g. per

e G :

oo i 100 cc. there is a change of

2 . .

o about ©.85° in rotation
N Maximam Gelatron corresponding to a definite
% quantity of gelatin, about
3 el faso Temperatures .

5 0.60 g., which produces a
2 gel when completely trans-
| formed into Form B. As

{ Coneentration in grams per /oo ce. the concentration increases
Ol -+ - L to 15 or 20 g. the differ-

Fig. 2. ences in rotation are larger.
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Posgibly this may be due to the presence of large amounts of Form A,
which serves in effect to change the character of the medium.

Temperature appears to have comparatively little influence on gela-
tzon apart from its effect on the equilibrium, and it is unnecessary that
gelatmn be observed at the maximum gelation temperatures to obtain
the same differences or increments in rotation. ‘Temperatures below these,
at which the time required for gelation is not too short, 50 minutes or
more, may be selected.

Since the increment in optical rotation necessary for gel production is
nearly constant between 0.7 and 3 g. concentrations and the reaction
involved has been shown to be bimolecular it is possible to derive an equa-
tion which will show the relation between the time necessary for gelation
and various other factors, for concentrations of gelatin between these limits,

Let d = sp. rot. when equilibrium is established at gelation tempera-

ture minus sp. rot. at 35° (sign disregarded)

and b = increment of rotation at selected conditions of gelation vis-

cosity,

and y = concentration in g. per 100 ce.

then k 1/t- b/yd(yd—1b) and ¢ varies as 1/yd(yd —b) or inversely as
y%d — yb and (y*d — yb)t should be a constant quantity.

To test this expression the solutions must be cooled in a negligible frac-
tion of time to the selected temperature and there maintained. A good
procedure is to cool tlie gelatin, enclosed in thin metal tubes, for about 3o
seconds, by immersion and agitation in a large volume of water at the
selected temperature. ‘The solution is then quickly transferred to the
polariscope tube, which has been previously cooled to the same tempera-
ture, and the standard bubble formed. The principal error involved is in
duplicating the standard viscosity which is represented by b. This ex-
pression would not hold if gel formation were not instantaneous with the
formation of a definite quantity of Form B. Such is evidently the case
as seen from the close agreement between observation and theory shown
by the data given in Table XI.

Tapre XI.
Time of gelation at 15° d = 125; » = 80; ¢ in minutes; y in g. per 100 ce,
». ¥2d — yb. i (vid — yb)!L.
0.9 29 55 1593
t.o 45 33 1485
1.1 73 23 1669
1.2 84 18 1512
1.3 107 15.5 1658
1.4 j33 12,0 1596
1.3 161 10.0 1610
1.6 208 8.1 1684
2.0 340 4.7 1508

Average, 1601 g.
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Tasre X1 (continued).
Time of gelation at 17° d = 118; b = 80; / in minutes; y in g. per 100 ce.

. 524 — yb. L ) (v2d — $b)i.
1.0 38 51.0 1938
1.2 74 31.0 2294
1.4 119 20.0 2380
1.6 174 13.0 2262
2.0 312 7.2 2246

Average, 2224
Time of gelation at 19°d = 111;b = 80; ¢ in minutes; » in g. per 100 cc.

1.0 31 108 3348
1.2 64 58 3700
1.4 103 34 3470
1.6 156 21 3276
2.0 284 13 3692

Average, 3497
Time of gelation at 20° d = 96; b = 80; ¢ in minutes; y in g. per oo cc.

1.0 16 243 3888
1.2 42 93 3906
I.4 76 48 3648
1.5% 96 38 3648
1.6 118 32 3776
2.0 224 6.5 3696

Average, 3760
Solid Forms of Gelatin.

If we dry gelatin sols above 35° and the gels below 15° it is possible
that we would obtain in the dry state the sol and gel forms which have
been discussed in this paper. If the dried forms were the same as the sol
and gel forms, respectively, we might expect them to show, approximately,
at least, the same rotatory power.

The optical rotation of the solid, amorphous material obtained by dry-
ing sols and gels on glass plates in layers of uniform thickness under the
conditions given above has been measured. Gelatin sols dried out above
35° give a rotation, calculated to a moisture- and ash-free basis, of approxi-
mately —12.0° per g. per square centimeter. If we consider a gram of
the solid material to be contaified in one cc., the specific rotation, based
on acol. 1 dem. in length, would be 10 times —12.0°% or —120°.  The
specific rotation of the sol form in various concentrations up to 20 g. per
roo cc. has been shown to be about —~141° on a moisture- and ash-free
basis. Assuming that all highet concentrations up to the pure
sol form would have about this same rotatory power, the agreement be-
tween the specific rotatory power of the dried sol form (—120) and that .
of the sol form (—141°) is perhaps sufficient to indicate that the two
forms may be the same,
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The gel dried out below 15° lias a rotatory power of about —75.0°
per g. per squatre centimeter on a moisture- and ash-free basis. The specific
rotatory power, calculated as above, is approximately —-750° as compared
with —313°, that of the gel form. It therefore seems probable that these
two forms are not the same.

Gelatin sols dried above 35° and gels dried below 15°, the final drying
being done in a vacuum desiccator over sulfuric acid, give the same solid
content, Ifurthermore, no change in weight takes place on heating to
100°. At125°to 130° a loss of 1.259% is observed. According to Hof-
mejster? this heating causes regeneration of collagen. Alexander? sug-
gests that there is produced by an irreversible reaction a product in which
the particles are so close together that dispersion is made very difficult.

selatin dried at 128° I have found to swell very slowly and dissolve in
water at 33° to 40°. When these solutions are examined with the polari-
scope and by the air bubble jelly test the original jellying power is found
to be necarly restored. I am inclined to think that both views may
be practically correct in that collagen itself may represent a form of
gelatin, the dispersion of which is very difficult.
Summary and Conclusions.

1. It has been found that gelatin in solution exhibits mutarotation.
The effect of temperature upon this mutarotation has been studied. It
has been shown that in aqueous solutions, within the range of tempera-
ture specified, there probably exist two forms of gelatin, one, which has
been designated the sol Iform A, stable above 33° to 35° and the other,
the gel Form B, stable below 15°. Between these temperatures a condi-
tion of equilibrium between the two forms exists and the mutarotatiorn
observed seems to be due to the transformation of ome form into the
other by a reaction which is reversible with temperature.

2. The reaction involved in this transformation appears to be bimolecu-
lar, & reaction of the kind to be expected if two molecular or equivalent
weights of Form A combined to form one molecular weight of Form B.

3. The relationship of the percentage quantities of the two forms pres-
ent when equilibrium is established at any specified temperature between
about 17° and 33° is believed to be shown by the equation

(a—=x)?x = K
in which a is the difference, about 1.z0, between the rotations produced
by one g. gelatin at 33°to 35°and at 17°, x is the difference in rotation be-
tween that at 33° to 35° and that at the specified temperature, and K is a
constant.

4. Increase in levorotation, signifying increasing formation of the
gel TForm B closely parallels increase in viscosity.

' Z. physiol. Chem., 2, 299 (1878).
* Allen’s Commercial Organic Analysis, 4th ed., Val. 8, p. 586.
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5. A definite quantity of Form B, that produced by cooling about 0. 55
g. of high grade gelatin in ice-water for 8 hours (or longer), is necessary
to form a jelly of the degree of viscosity selected as a standard in this work.
The presence of this quantity, slightly increased as concentrations in-
crease, produces the standard jelly in much higher concentration of gela-
tin. Maximum gelation temperatures, or melting points, approach 33
to 35° as a limit as the concentration of gelatin increases. At these maxi-
mum gelation temperatures gelation is produced by the presence of the
minimum quantity of Form B, 0.60 to 1.00 g., required for the formation
of a jelly. Above 35° gelation does not take place in any concentration.

6. Additional evidence of the existence of two forms of gelatin, upon
which gelation, in the case of gelatin solutions, is dependent, is found in
observations made by the author on the behavior of such solutions when
treated with alcoliol, and in measurements of osmotic pressure, viscosity
and of gold numbers, to which references have been given.

7. Gelatin sols dried above 35° and gels dried below 15° give different
solid forms and while the gelatin in the solid state, so prepared, might or
might not bein the same form in which it exists in the material from which
it was prepared, there is some indication that the solid gelatin prepared by
drying sols above 35° is the form existing in the sols.

Wasminagron, D. C.
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RELATIONS BETWEEN DISTRIBUTION RATIO, TEMPERATURE
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ETHER, SUCCINIC ACID.
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When a substance is distributed between two pure solvents or two
solvents, each of which dissolves a constant percentage of the other, the
distributed substance being identical in both phases, the ratio of its con-
centrations in the two phases at any given temperature is usually assumed
to be constant. The case of succinic acid in water and ether! has been
much used as an example in elementary instruction. In this case, how-
ever, the ratio is found to be by no means constant, but varies by 7%
more or less, when expressed in volume concentrations. This is hardly
surprising when one considers that neither of the fundamental conditions
is more than approximately fulfilled. The solvents are not pure, but
each dissolves the other. If the composition of the solvents in the two
layers were constant, there would be no reason to suppose that the con-
stancy of the distribution ratio would be disturbed. But this is not the

! Berthelot and Juagfleisch, Ann. chim. phys., [4] 26, 396, 408 (1872).



