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Formation constants have been determined for a
wide variety of amines with transition metal ions,? as
for example 1,3-propanediamine® and its deriva-
tives.%

In the present study data have been extended to
include  N,N'-bis(2-aminoethy!)-1,3-propanediamine
and N,N’-bis(3-aminopropyl)-1,3-propanediamine.

Experimental

Reagents

N,N'-bis(2-aminoethyl)-1,3-propanediamine (East-
man Organic Chemicals, Rochester, N.Y.}, AETH,
np = 1.4935 at 25 °C; reported np =1.4953 at 20 °C,°
was purified by generating the tetrahydrochloride
as described by Walton? (Calc: C, 27.47; H, 7.90;
N, 18.30. Found:® C, 28.53; H, 8.04; N, 18.19) and
passing a solution of the tetrahydrochloride through a
column packed with Fisher Analytical Grade Amber-
lite IRA-40 ion exchange resin converted to the basic
form with 1N NaOH solution; 88% of the tetrahydro-
chloride was converted to the amine.

N,N"bis(3-aminopropyl)-1,3-propanediamine (East-
man Organic Chemicals, Rochester, N.Y.), APRO,
np = 1.4890 at 25 °C; reported® np = 1.4907 at 20 °C
was purified by the same procedure used for AETH.
The tetrahydrochloride (Calc: C, 32.35; H, 8.44;
N, 16.77. Found:® C, 33.06; H, 8.32; N, 16 42) was
passed through a Fisher Analytical Grade Amberlite
IRA-40 ion exchange column converted to the basic
form as described above; 98% of the tetrahydro-
chloride was converted to the amine.

The metal perchlorate solutions used were
prepared without further purification from reagent
grade salts from G. Frederick Smith Co., Columbus,
Ohio, and were analyzed by standard analytical
techniques using EDTA.

The perchloric acid used was prepared from per-
chloric acid supplied by J. T. Baker Chemical Co.,
Phillipsburg, N.J. and standardized against tris-
(hydroxymethyl)aminomethane.

Procedure and Calculation Methods

The titration procedure was essentially that
described by Goldberg® except that an Instrumenta-
tion Delta Matic pH meter, model 135A, was em-
ployed and no Ba(Cl0O,), was used in the protonation
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TABLE I. Logarithms of Formation Constants.

n of AETH APRO

logKp,
H* 1 10.02 £ 0.02 10.54 £ 0.02

2 9.16 £ 0.03 9.60 £ 0.02

3 6.86 £ 0.11 8.06 + 0.02

4 5.22+0.03 6.34 + 0.05
Cu'? 1 23.05 £ 0.06 16.48 £ 0.01
Ni*? 1 16.15 £ 0.02 10.11 + 0.01
Zn'? 1 12.38 £ 0.02 9.12 £ 0.01
Co"? 1 12.36 £ 0.03 7.42+0.01

2 3.34 £ Q.11 2.74 + 0.05

reactions. The calculation procedure was described
previously.® It was necessary to employ subroutine
SIMQ in computing solutions to N = 4 in the IBM-
360 program used in calculating the values of the
various K’s. The 95% confidence intervals were
determined by the method of Youden.!®

Results

The results are tabulated in Table 1. The ninety-
five percent confidence intervals are given.

Discussion

The protonation constants of APRO are greater
than those for AETH because of the greater separa-
tion of the four nitrogen atoms in the former. The
general trend is consistent for the comparison of
AETH with triethylenetetramine, trien, which has
still smaller protonation constants.!!

The formation constants of APRO are uniformly
lower than those of AETH. This effect is in full agree-
ment with the higher stability with divalent metal
ions of saturated five-membered chelate rings over
six-membered chelate rings.'?>''* The AETH complex
has two five-membered chelate rings; the APRO
complex has none. The same trends in protonation
constants and stepwise formation constants of linear
tetramines with transition metal ions can be seen in
the recent work done by Paoletti et al.'® The stability
of the complexes follows the so-called “‘natural
order”.'® The formation constants follow the order
Co <Ni < Cu > Zn with AETH and APRO.
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