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bound to the metal at high pH
in spite of the large negative
charge on the chelate compound.
The logarithms of the normal
chelate stability constants for
combination of the metal ion
with the octa-negative anion
were calculated as: calcium
(I1), 6-09; manganese (II),
9-75; copper (II), > 10; and
iron (I1I), > 10. It is apparent
from the relative positions of the
copper (1I) and iron (III) titra-
tion curves that the chelate of
the latter metal is considerably
more stable. The stability is
sufficiently high that a solution
of the light yellow iron (III)
chelate may be stored at a pH of about 11 for a
number of months without developing any sign of the
precipitation of ferric hydroxide. The apparent
stability of the iron (III) chelate compounds in
alkaline solution indicates possible usefulness as an
iron carrier.

This work was supported by the Dow Chemical
Co., Framingham, Mass.
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Polyaminopolycarboxylic Acids derived
from Polyethyleneamines

THE effects of increasing length of the alkylene
bridge on acid dissociation constants and metal
chelate stability constants of homologues of ethylene-
diaminetetra-acetic acid derived from polymethylene-
diamines have been reported within recent years'.
The effects of an increase in the polydentate and
polyelectrolyte nature of polyaminopolycarboxylic
acids derived from polyethylene polyamines have not
been investigated except for a brief report on diethyl-
enetriaminepenta-acetic acid®. An investigation of
diethylenetriaminepenta-acetic acid and triethylene-
tetraminehexa-acetic acid was therefore undertaken
because of their relationship to ethylenediaminetetra-
acetic acid.

The acids were prepared by the reaction of
diethylenetriamine and triethylenetetramine with
sodium ecyanide and formaldehyde under alkaline
conditions according to the procedure of Bersworth?®.
The free acids were separated from the alkaline
reaction products by means of the hydrogen form of
‘Dowex-50° on a column process. Concentration of
the eluate gave the acids as white crystals which were
purified by recrystallization from a minimum volume
of hot water.

The acid dissociation constants of diethylene-
triaminepenta-acetic acid and triethylenetetramine-
hexa-acetic acid were determined. from potentiometric
data at 25°C. and 0-1 ionic strength (potassium
nitrate) using a Beckman Model ¢ pH meter. The
equilibrium constants corresponding to the over-
lapping dissociation steps of the buffer regions were
calculated by the graphical method of Schwarzen-
bacht. The acids are tri- and tetra-dipolar ions
respectively having the formula :
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Neutralization of the pentabasic diethylenetri-
aminepenta-acetic acid occurs with one strong
inflexion corresponding to formation of the tri-
potassium salt. Triethylenetetraminehexa-acetic acid,
a hexabasic acid, exhibits two inflexion points: &
weak inflexion occurring on the addition of three
equivalents of potassium hydroxide and a well-
defined inflexion corresponding to the formation of
the tetrapotassium salt.

The acid dissociation constants are listed in Table 1
together with the wvalues reported by Kroll? for
diethylenetriaminepenta-acetic acid.

Table 1.
DIETHYLENETRIAMINEPENTA-ACETIC
AMINEHEXA-ACETIC ACID AT 25°C.

pK VALUES OF THE APPARENT IONIZATION CONSTANTS OF
ACID AND TRIETHYLENETETRA-
IN 0-1 M POTASSITM NITRATE

Acid K, pK, l pK, pK, j2:9 ‘ [2:9 '
DTPA 1-79 2-56 4-42 876 10-42
DTPA?* 1-90 2-70 4-42 10-62 12-59
TTHA -— 264 4-08 626 9-67 10-82

* Determined at 25° C. in 0-1 M potassium chloride

It appears that triethylenetetraminehexa-acetic
acid is almost completely ionized at the concentration
used in this study (approximately 3 x 10-* M). Each
compound possesses two strongly acidic carboxyl
The central ammonium
groups are subject to the influence of the terminal
positively charged ammonium groups. The net
result of this configuration with its relatively high
positive potential is an increase in acidity of the
central ammonium groups as reflected in the values
of pK, for diethylenetriaminepenta-acetic acid and
pK, and pK, for triethylenetetraminehexa-acetic
acid.

The behaviour of the acids with various polyvalent
metal ions is now under examination. The increase in
metal chelate stability constants and the ability to
enter into bimetallic chelate formation arising from
the increase in polydentate character indicate utiliza-
tion of these compounds as metal carriers and metal
buffers.
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