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A simple spectrophotometric method has been developed for the determination of ethylenediamine in an

aqueous or ethanolic solution.

This method is based on the reaction of ethylenediamine with phthalaldehyde

and 2-mercaptoethanol, and on the measurement of the absorbance of the yellow-developed solution at 430 nm.
Beer’s law holds for 0.5—10 ug of ethylenediamine per 1 ml. Secondary and tertiary amines do not interfere

with theestimation.

the estimation when present in quantities of more than 10 pg per ml of the sample solutions.

Two of the primary amines, diethylenetriamine and triethylenetetramine, interfere with

1,3-Propanedi-

amine interferes seriously. The colored compound was found to bc composed of ethylenediamine, phthal-
aldehyde, and 2-mercaptoethanol in a molar ratio of 1:2:1.

Several spectrophotometric methods for the deter-
mination of ethylenediamine have already been re-
ported.!=%  These methods, however, have low sen-
sitivities. Roth® developed a highly sensitive fluoro-
photometric method for amino acids, in which the
amino acids were combined with phthalaldehyde and
2-mercaptoethanol in an alkaline medium to grow
fluorescent materials. Roth® and Svedas et al.”? im-
proved this method so that these products could be
detected by a method of spectrophotometric estima-
tion. Simons and Johnson® made it clear that this
fluorogenic compound was 1-alkylthio-2-alkyl-substi-
tuted isoindole by a reaction of propylamine with
phthalaldehyde and 2-mercaptoethanol. Moreover,
they found that phthalaldehyde reacts only primary
amines and not with secondary amines.

The objective of this paper is to examine the effects
of various factors on the coloration and to present a
spectrophotometric method for ethylenediamine in an
aqueous or ethanolic solution.

Experimental

Apparatus. A Hitachi 101 spectrophotometer was used
for the measurement of the absorbance, while a Hitachi
EPS-3 spectrophotometer was used to estimate the absorption
spectra with 10-mm glass cells. For the adjustment of
the pH of the buffer solutions, a Toa Denpa HM-5A pH
meter was used.

Reagents. Phthalaldehyde of a biochemical grade and
ethylenediamine with a 99.59%, purity were obtained from
Wako Pure Chemical Industries, Ltd. 2-Mercaptoethanol
was also obtained with a purity of 98%. The other re-
agents, except for the secondary and tertiary amines, were
of a guaranteed grade.

Buffered Reagent for Coloration. A 0.1 Mt solution of
sodium tetraborate was adjusted to pH 9.5 with a concen-
trated NaOH solution. Into 100 ml of this borate buffer
solution, I ml of an ethanol solution containing 20 mg of
phthalaldehyde and 1ml of an ethanolic solution of 70
mg of 2-mercaptoethanol were then mixed. This reagent
was stable for at least two days at room temperature.

Procedure A for the Measurement of Ethylenedicmine in an Aqueous
Solution. 1.0ml of an aqueous sample solution con-
taining 0.5—10 pg of ethylenediamine was mixed with 1
ml of ethanol and 3 ml of the buffered reagent, after which
the mixture was allowed to stand for 30 min at 26+0.5 °C
in a thermostat. Then the absorbance of the solution was

t 1 M=1moldm3,

measured at 430 nm against the reagent blank.

Procedure B for the Measurement of Ethylenediamine in an Etha-
nolic Solution. The procedure was the same as in Pro-
cedure A, except that 1 ml of pure water was used in place
of 1 ml of ethanol.

Results and Discussion

Influence of the pH of the Buffered Reagent. One-
ml portions of an aqueous solution containing 4.68
pg of ethylenediamine were mixed with 1 ml of distilled
water and 3 ml of a buffered reagent, the pH of which
was varied in the range of 5—11, the absorption spec-
trum was then examined. As is shown in Fig. I,
the absorption maximum in every spectrum shifted
toward lower wavelength, as the pH of the solution
became higher, converging on 430 nm in the pH
range of 9—I11. The intensity of the absorbance also
varied with the change in the pH. It seemed to
become highest in the 9—10 pH range. Figure 2
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Fig. 1.
of pH.
A:pH 5 B:pH6,C: pH 7, D: pH 8, E: pH 9, F:
pH 10, G: pH 11. KH,PO,~Na,HPO, buffer
solutions were used in pH 5—8, HCI-Na,B,0O, in
pH9, and NaOH-Na,B,0O; in pH 10 and 11.

The absorption curves at the various values
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Fig. 2. Effect of pH on the absorbance at 430 nm
between pH 9.0 and 10.0. 1 ml of an aqueous solu-
tion of ethylenediamine (4.68 pg/ml) was used.
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Fig. 3. Influence of temperature and time-dependance
of the coloration.
——: Concentration of ethylenediamine 1.56 pg/ml,
: 3.2 pg/ml, O: 20°C, [I: 23°C, A: 26°C,
@®: 30°C.

shows that the absorbance measured at 430 nm at-
tained its maximum value at the pH values of 9.4
and 9.6. Thus, the borate solution of pH 9.5 was
used as a buffer in the color reaction throughout this
work, and the absorbance was measured at 430 nm.

Influence of Time Delay and Reaction Temperature.
After 2-ml portions of the ethylenediamine solution
(1.56 and 3.12 pg/ml) had been mixed with 3 ml of
the buffered reagent, they were held in a thermostat
at various temperafures between 20—30 °C, while the
absorbances’ of the solution were measured at regular
time intervals. The results are shown in Fig. 3. The
absorbances of every solution attained constancy with-
in 30 min, and thereafter remained unchanged for
150 min regardless of the reaction temperatures. How-
ever, the intensities of the absorption were slightly
affected by the reaction temperature and showed their
maximum at 26 °C.

Influence of Addition of Ethanol and Other Organic Sol-
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Fig. 4. Calibration curves in the presence and ab-
sence of ethanol.

--A---: Procedure A, —O—: in the absence of

ethanol.
TABLE 1. EFFECT OF COEXISTING COMPOUNDS AND IONS
ON THE ABSORBANCE
o) ound Amount Relative value®
ompoun taken/pg of the absorbance
P lami 100 0.92
ropylamine 10 1.01
Dimethylamine 500 1.01
Triethylamine 1000 1.00
.. 80 ppt?
1,3-Propanediamine { 10 1.40
Aniline { 5(5)8 8&;5
N-Methylaniline 500 1.00
© e 100 ppt
Dien®) { 10 1.02
. 100 PP
Trien® i 10 1.02
600 0.86
HMTA® { 60 0.99
Pyridine 100 1.00
Pyrazine 500 1.00
Piperazine 600 1.01
Acetonitrile 5000 1.01
Urea 500 1.01
Thiourea 500 1.00
Pb2+ (from Pb(NO,),) 100 1.02
- (from KI) 1000 1.02
NH+, (from NH,CI) 10 1.03

a) This value is the ratio of the absorbance with and
without the compound listed in the left colum. A 1-
ml portion of the ethylenediamine solution(4.68 pg/ml)
was chosen, b) ppt means that the precipitate formed
when the buffered reagent was added. c) dien, trien,
and HMTA represent diethylenctriamine, triethylene-
tetramine, and hexamethylenetetramine respectively,

vents. When 1 ml of distilled water was added
instead of 1 ml of ethanol in Procedure A, Beer’s law
was adopted for the relation of the absorbance us.
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the ethylenediamine concentration only in the range
of 0.5—5.0 pg of ethylenediamine contents, the ab-
sorbance showed a negative deviation from Beer’s
law at larger concentrations of ethylenediamine as is
shown in Fig. 4. In order to improve the linearity
in the relation of the absorbance uvs. the ethylenedi-
amine content, the addition of organic solvents mis-
cible with water was tested. The addition of acetone
remarkably reduced the coloration. Methanol and
ethanol increased the absorbance, with no fluctua-
tion in the absorption maximum in wavelength. With
the addition of 1 ml of ethanol, the linearity was ex-
tended up to an ethylenediamine content of 10 pg,
as is shown in Fig. 4.

Influence of Active Compounds and Ions. The in-
fluence of the addition of several compounds and ions
which may interfere with the coloration in the present
method was also examined. A 1-ml portion of an
aqueous solution of each compound listed in Table 1
was mixed with 1ml of an aqueous solution of
ethylenediamine and 3 ml of the buffered reagent,
and the absorbance was estimated at 430 nm. The
results of the examination are shown in Table 1. Di-
methylamine and trimethylamine did not interfere, and
propylamine reduced the absorbance only slightly.
This corresponds to the conclusion suggested by
Simons et al. that phthalaldehyde reacts only with
primary amines and not with secondary and tertiary
amines. Among the tested compounds, only 1,3-
propanediamine interferes significantly.

The Composition of the Product. Simons et al.
offered the following equation for the reaction of
primary amines with phthalaldehyde and 2-mercapto-
ethanol:

as
(" JZSHO 4 RNH, + HSCH,CH,OH
SCH,CH,0H
1
AV AN
— 7 Y N + 2H,0,

where R is an alkyl group. When ethylenediamine re-
actson phthalaldehyde with 2-mercaptoethanol, the prod-
uct may be supposed to have the structure shown as (I).

SCH,CH,OH SCH,CH,0H
1 |

AN 8 VAN

Y N-crcerN ) ) M
N \

In order to elucidate the structure of the product,
0.06 g of ethylenediamine (1 mmol) was added to 50
ml of a borate buffer solution (pH 9.5) containing
0.27 g of phthalaldehyde (2 mmol) and 0.16 g of 2-
mercaptoethanol (2 mmol). A yellow precipitate form-
ed very soon, it had turned brown within one or two
hours after it was separated from the solution. There-
fore, the composition of the product only was deter-
mined as follows: to 1-ml portions of ethylenediamine
solutions  (3.12, 6.24, and 9.36 pg/ml), various
amounts of a 2-mercaptoethanol aqueous solution (10.9
pg/ml) were added, and then the containers were
filled up to 3 ml with pure water. Then 2ml of a
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Fig. 5. Relationships between the absorbance and
the added amounts of 2-mercaptoethanol solution
(10.9 pg/ml) in the presence of excess phthalaldehyde.
The solid curves are of the experimental estimation
and the dotted lines are the prolongations of the
tangential lines. @: Ethylenediamine 3.12 pyg/ml, O:
6.24 pg/ml, [: 9.36 ug/ml.
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Fig. 6. Relationships between the absorbance and the

added volume of an aqueous solution of phthalaldehyde
(20.0 pg/ml) in the presence of excess of 2-mercapto-
ethanol.
Borate buffer solution (pH 9.5) was used containing
2-mercaptoethanol (0.7 mg/ml). []: Ethylenediamine
1.56 pg/ml, O: ethylenediamine 3.12 pg/ml, @:
ethylenediamine 6.24 pg/ml.

borate-buffer solution (pH 9.5) containing phthalal-
dehyde (0.2 mg/ml) was added, and the absorbance
at 430 nm was estimated after 30 min. The rela-
tionships are shown in Fig. 5 between the absorbances
and the amounts of 2-mercaptoethanol added. A
similar relation is given in Fig. 6, where ethylenedi-
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amine reacts with phthalaldehyde in the presence of
an excess amount of 2-mercaptoethanol. The absor-
bances were nearly equal, regardless of the amount of
ethylenediamine present, and increased proportional-
ly to a certain point as the amount of 2-mercapto-
ethanol increased when there was a large excess of
phthalaldehyde. On the other hand, in the presence
of a large excess of 2-mercaptoethanol, the absorbances
increased only a little as the content of phthalaldehyde
increased. They began to increase proportionally to
the amount of phthalaldehyde after the molar ratio
of phthalaldehyde/ethylenediamine became nearly 1:1.
This can be explained by assuming that phthalal-
dehyde reacts with ethylenediamine to give an inter-
mediate product consisting of 1:1 (=phthalaldehyde:
ethylenediamine), which does not have the absorption
near 430 nm. The intermediate then reacts with one
more mole of ethylenediamine to give a final product
having its absorption peak at 430 nm. Two tangential
lines are drawn per curve in Figs. 5 and 6, one in the
range where the absorbances increase linearly with
the amount of 2-mercaptoethanol or phthalaldehyde
added, and the other in the plateau range where the
absorbances become almost constant. These lines were
then extended, and the point of intersection was found.
These points were 0.35, 0.68, and 1.43 ml of the phthal-
aldehyde solution when the concentrations of ethyl-
enediamine were 1.56, 3.12, and 6.24 pg/ml respec-
tively. The molar ratios of phthalaldehyde/ethylene-
diamine were calculated to be 2.01, 1.96, and 2.06
respectively. In Fig. 5 the points of intersection are
0.43, 0.74, and 1.04 ml of a 2-mercaptoethanol solu-
tion when the concentrations of ethylenediamine are
3.12, 6.24, and 9.36 pg/ml, and 1.16, 0.99, and 0.93
respectively, in terms of the molar ratio of 2-mer-
captoethanol/ethylenediamine. The composition of the
product was found to be 1:2:1(ethylenediamine:
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phthalaldehyde : 2-mercaptoethanol).

Precision. The precision of Procedure A was
checked with a sample containing a known amount
of ethylenediamine. Based on six determinations, the
relative standard deviations were 1.29, at the level
of 1.56 pg and 1.09, at 9.36 pg.

This method is less sensitive than the fluorophoto-
metric one reported by Benson and Hare!®) who deter-
mined primary amines in the range of picomole.
This method is very simple and convenient for use
assaying ethylenediamine in an aqueous or ethanolic
solution, even in the presence of secondary and ter-
tiary amines.
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