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A New Synthetic Polyampholyte—Poly-N-ethyleneglycine.

Synthesis,

Potentiometric Titration, Viscosity and Electrophoretic Mobility*

By Harry P. GREGOR, DaNIEL H. GoLD AND GUENTHER K. HOESCHELE
RECEIVED APRIL 29, 1955

The preparation and characterization of poly-N-ethyleneglycine is described. This polyampholyte is highly polar, as
evidenced by its high solubility in aqueous salt solutions over the entire pH range, including the region of the isoelectric

point.
point in the range pH 2.7-2.9.

Introduction

The preparation and properties of several syn-
thetic polymeric ampholytes have been described;
some of the first work in this field was reported by
Alfrey, Fuoss, ef al.,>~* and by Wagner and Long.?
Schloegl and Fabitschowitz® recently reported the
synthesis of polyphenylalanine. Most of these sub-
stances were prepared by the copolymerization of a
basic and an acidic monomer, and were usually of
fairly high base molecular weight. As a result,
these polyampholytes are often insoluble in the re-
gion of the isoelectric point.

This communication reports on the preparation
and preliminary characterization of a new poly-
ampholyte of relatively low base molecular weight
(101) which is essentially polymeric glycine.

Experimental

Synthesis.—The preparation of polymers similar to poly-
meric glycine was described by Bersworth? who treated ethyl-
enediamine diacetate with ethylene chloride to prepare tri-
ethylenetetramine tetraacetic acid; higher homologs could
presumably be prepared by this procedure, although prob-
ably not of high molecular weight. Amnother patent by
Bersworth describes similar compounds.®

A method for preparing substituted a-amino acids was
also described by Bersworth.? A primary or secondary
amino group was carboxymethylated by treatment with
formaldehyde and alkali cyanides in the presence of alkali;
N-substituted glycines were obtained with nearly quantita-
tive yields. This latter procedure was applied by us to a
polymeric amine, polyethyleneimine. However, these
polymers are usually highly branched (about 40%,) and
only the secondary amino groups in the chain are available
for carboxymethylation. Further, the product dissolved
only partially in alkaline solution, indicating that cross-
linking with formaldehyde or with methylol groups had oc-
curred. These polymers are of interest as ampholyte
resins.

Poly-N-ethyleneglycine (PEG) was prepared by the
polymerization of the methyl ester of N-ethyleneglycine.
First, ethyleneimine was prepared after a modification of
Wenker’s method as described by Leighton, Perkins and
Renquist.® The preparation of the methyl ester of N-
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Three characterization procedures, namely, titration, viscosity and electrophoretic mobility, locate the isoelectric

ethyleueglycine as reported by Bestian!! was followed. To
a mixture of 33.8 g. of ethyleneimine and 160 g. of triethyl-
amine (as solvent) was added 57 g. of methyl a-chloroacetate
under stirring and cooling at 5~10°. After 15 minutes pre-
cipitation of triethylamine hydrochloride started. The
reaction was completed after 16 hours (with continued
stirring) at 5°. The filtered solution was evaporated iz
vacuo (100 mm.) and the residue vacuum distilled at 20 mm.
through a short column. Redistillation gave a water-clear
liqt)lid, b.p. 67-69° (20 mm.); yield 46 g. (65%, of theoreti-
cal).

The conditions for the polymerization of N-substituted
ethyleneimine compounds as esters of N-ethyleneglycine are
reported by Bestian.,!? In the procedure adopted, 40 g. of
the methyl ester of N-ethyleneglycine was stirred with 0.2 g.
of dibutyl sulfate at room temnperature. Polymerization
occurred after a few minutes with a constant evolution of
heat. The temperature was maintained at 50-60° for 30
minutes, whereupon an additional 0.2 g. of dibutyl sulfate
was added dropwise with vigorous stirring to the viscous oil.
After 4 hours a highly viscous, nearly colorless oil was
formed which was readily soluble in water.

The polymeric ester was saponified by dissolving 33 g. of
the polymer mixture in 150 ml. of 2 N sodium hydroxide.
Saponification was presumably complete within a few min-
utes as evidenced by the cessation of a strong evolution of
heat. The cooled solution was passed through a column
of a carboxyl cation-exchange resin in the acid state (Am-
berlite IRC 50); the pH was reduced to about 3.4. The
column was rinsed with distilled water as long as a portion
of the eluate gave a strong blue color with dilute copper(II)
acetate solution, which indicated the presence of the poly-
mer.

The combined solutions were concentrated at 50° in vacuo
to 50 ml. and 200 ml. of acetone added. PEG precipitated
as a vellowish, resinous mass. The liquid was decanted
and the residue was dried in a vacuum desiccator to give a
brittle, porous solid. The yield was 23.2 g. (809, theoreti-
cal on basis of monomer).

Anal. Caled. for CH;O,N: C, 47.52; H, 6.98; XN,
13.82. Found: C, 48.32; H, 7.8; N, 12.69.

The high percentage of carbon and the low percentage
of nitrogen found probably result from the use of a dialkyl
sulfate as a catalyst, because it is supposed to enter into the
chain initiation and termination steps.

The polymer as prepared in this manner is free of salts and
low molecular weight contaminants. A qualitative test
for sulfur and chlorine by sodium fusion!® gave negative
results; a benzidine test for sulfate also gave negative re-
sults. Also, the polymer was dialyzed through cellophane
tubing against pure water. Part of the polymer dialyzed
through the membrane slowly; the pH of the polymer solu-
tion changed but slightly, the final value being 3.48 for a
0.01 M (base moles) solution. When base was added to the
polymer solution followed by dialysis against pure water,
the pH dropped sharply toward the former value. Also,
the titration curves of undialyzed and dialyzed polymer were
the same.

Titration.—The titration of PEG as purified by the ion-
exchange procedure without subsequent dialysis was carried
out as follows: Identical 40-ml. solutions of 0.01 M (base
moles) PEG were titrated by adding acid to one solution,
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base to another, and the two titration curves joined.
Curves were obtained in the absence of neutral salt.
Titrations were performed at 25.0 &= 0.1° in a jacketed
cell kept CO; free during the titration by passing nitrogen
over the solution in the cell. If the gas was passed through
the solution foaming occurred with a shift in pH. A Beck-
man Model G pH meter utilizing a glass electrode with a
sleeve-type saturated calomel electrode was used; the salt
leak was found to be less than 102 M under the conditions
employed. The solutions were stirred with a glass-encased
magnetic stirring bar; stirring was stopped during a pH

reading. The data are presented in Fig. 1.
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Fig. 1.—Titration of 0.4 mmole of 0.01 Y PEG with
sodium hydroxide and with nitric acid (O}, and the electro-
phoretic mobility of PEG in acetate buffers (@).

Viscometric Behavior.—The viscosity minimum of PEG
solutions of two different concentrations (0.01 and 0.05 A/
(base moles)) as determined with a Ubbelohede viscometer!*
is shown in Fig. 2. This viscometer permits dilutions to
be effected directly in the bulb without affecting the pres-
sure gradient. The water-flow time was suclhl that kinetic
energy corrections were negligible.’® Viscosity measure-
ments were taken at 24.95 &= 0.03°. The pH was measured
as before.

Electrophoretic Mobility.—The electrophoretic mobility
of PEG (Fig. 1) was determined using an Aminco portable
electrophoresis apparatus with a double channel optical cell.
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10, 297 (1938).
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Fig. 2.—Reduced specific viscosity of 0.01 M/ PEG (Q) and
0.05 M PEG (A) as a function of pH.

Descending and ascending boundaries were recorded by the
Svensson crossed slit schlieren method on Kodak Ortho
Process Contrast film at from 25-39° angles. The horizon-
tal magnification was 1.95 X. The solution temperature
was maintained at 1.5°.

The mobility of 0.1-0.2 M (base moles) PEG was meas-
ured in acetate buffers of 0.04-0.06 ionic strength and in 1
M acetic acid of ionic strength 0.004. The potential gra-
dients were 4-11 volts/cm., and the distance of migration
was 1-3 em. Both ascending and descending boundaries
were fairly well defined, and the mobility » (cm.2/volt sec.)
was calculated from average displacements.

Discussion

This polyampholyte has an estimated molecular
weight in the range 5,000-15,000 as indicated by
diffusivity through membranes and moving bound-
ary experiments. It is soluble over the pH range 1
to 12 at polymer concentrations as high as 1 M (base
moles®; dilute polymer solutions are not salted out
by ordinary 1-1 electrolytes at concentrations as
high as 1 M. The high solubility is the result of
its high charge density, since the base molecular
weight is 101. This polymer is highly soluble even
at the isoelectric point, in contrast to many other
polvampholytes. Higher molecular weight frac-
tions are being prepared and will be reported on
later.

The isoelectric point of the polymer as deter-
mined by the viscosity minimum is 2.7-2.8, and
from the electrophoretic mobility is 2.9; the agree-
ment is reasonable. The isoionic point or the pH
of the pure ainpholyte in water is 3.45. Ordinarily,
isoionic and isoelectric points are nearly the same;
however, in this case the isoionic pH is so low as to
make for a considerable difference in the two values.
This point has been noted by Edsall and co-work-
ers.’®  The slower rise of the specific reduced vis-
cosity on the acid side of the isoelectric point is a

(16) J. T. Edsall, H. Edelhoch, R, Lontie aud P. R. Morrison, THis
JournaL, 72, 4641 (1950).
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consequence of the relatively high ionization con-
stant of the carboxyl groups; the base side behaves
normally as shown in the inset of Fig. 2.

A series of further papers on the potentiometric
behavior of this polymer, ion-binding by the poly-
mer and other studies is in preparation.
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Kinetics of the Decomposition of n-Propylxanthic Acid!

By MELVIN L. ScHOCHET AND CecIiL V. KING
RECEIVED APRIL 12, 1955

The rate of decomposition of #-propylxanthic acid has been determined at five temperatures from 0 to 60°, in dilute acetic

acid-sodium acetate buffers containing up to 309, 1,4-dioxane to vary the dielectric constant.

Electrostatic effects on the

observed rates are small, because primary effects (on the kinetics of the rate-controlling process) and secondary effects (on

the buffer equilibrium) are about equal and opposite in sign.

The decomposition reaction of #-propyl xanthate
in acetic acid buffers may be written
+ HAc —> C:H,OH + C8; + Ac™

[an—o-cC’]
(1)

While the xanthic acids are not quite fully ionized,?
essentially only the ions are present in these buffers.
Equation 1 does not represent the mechanism,
since the rate depends on the buffer ratio, not on the
acid component alone.® There is no general acid
or base catalysis which can be detected in dilute
aqueous solution. In previous studies of ethyl-
xanthic acid®* both salt and dielectric constant
effects were found to be small, if the low dielectric
constant region of ion pair formation is avoided.
The present work was undertaken partly in
order to compare another xanthic acid with
methyl-? and ethylxanthic?—* acids, with respect to
absolute decomposition rates and general behavior,
partly to extend the temperature range of such
measurements. No appreciable change in activa-
tion energy was found over the 60° range explored.

Experimental

Potassium n-propyl xanthate was prepared by mixing a
solution of potassium hydroxide in the alcohol with carbon
disulfide in ethy! ether. The salt was washed with ether
and recrystallized from acetone with addition of ether. Its
purity was confirmed by titrating weighed samples with
standard iodine solution.

Acetic acid buffers, and pure dioxane, were prepared as
described before.* Two solutions were made up and allowed
to come to temperature in the thermostat: (a) the buffer,
double strength, and (b) the xanthate in water or water—
dioxane. Then 250-ml. portions of both were poured si-
multaneously into a larger flask mounted in the thermostat.
In each run, seven to ten samples were withdrawn over a
two- to five-hour period, quenched with sodium bicarbonate,
and the remaining xanthate titrated with standard iodine
solution.? The reaction was usually 759, complete in the
time allowed.

Rate constants were calculated by means of the equation?

2.3 b
(b — a} [<a + ) log b — x:]
(2)

(1) From a Ph,D. thesis submitted by Melvin L. Schochet to the
Graduate Faculty of New York University in April, 1954.

(2) H. v. Halban and W. Hecht, Z. Elektrochem., 24, 65 (1918).

(3) C. V. King and E. Dublon, TuIis JoURNAL, 54, 2177 (1932).

(4) A. Chatenever and C. V. King, ibsd., T1, 3587 (1949).

a
a — X

kK, =

— (b +¢) log

Activation energies and entropies are discussed.

where a, b, ¢, are initial concentrations of xanthate, acetic
acid and acetate, respectively, and K, is the thermodynamic
dissociation constant of acetic acid.

Two to five runs were made at each concentration and
temperature, The initial xanthate concentration was usu-
ally 0.012 to 0.015 M. The sodium acetate was made 0.01
to 0.04 M, and acetic acid—-acetate ratios of 0.5 to 8 served
to keep the rate in a convenient range. Rate constants
showed no trend with extent of reaction; the average de-
viation in single runs and of several runs was usually less
than 3.5%. Runs with added sodium chloride showed the
salt effect to be small, as expected.

The dioxane mixtures were made by volume at room tem-
perature, the weight concentrations and mole fractions cai-
culated from the densities. The temperatures were main-
tained to +£0.02°, 0° referring to an ice-bath temperature
of about -+0.015°,

Experimental Results

The rate constants obtained, without regard to
K, for acetic acid, are summarized in logarithmic
form in Table I.

TaABLE I
Lo oF RATE CONSTANTS, £Kp, Min, ™1
Wt. % dioxane — 0 10.2 20.2 30.1 Eq. 3
0° —3.44 —3.47 —3.40 —3.50 —3.47
15° —2.81 —2.78 —2.75 —2.76 —2.76
30° —-2,14 —-2.14 -—-2.12 -2.10 -2.12
45° —1.57 —1.48 —1.43 —1.44 —1.52
60° —-0.99 —-1.11 —1,05 —0.99 —1.00

Equation 3 is the least squares relation for the
averages at each temperaturevs. 1/T

log kK, = 10.24 — 17140/2.3RT (3)

This equation represents all the data with an
average deviation of 0.033 log unit. The maximum
deviation of 0.11 log unit represents 229, in the
value of kK.

The rate constants found are remarkably similar
to those for the decomposition of ethyl xanthic acid
in similar buffers,* for example at 30° the average
value for the ethyl compound was log kK, =
—-2.19.

Discussion

While equation 3 represents the rate constants
kK, within the apparent over-all experimental
error in this range, it is unsatisfactory from a theo-
retical view-point. Since values of K, are available,
the bimolecular constants 2 may be calculated.


file:///ogkKo

