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1. Introduction

The spent nuclear fuel contains large and poten-
tially valuable sources of metals(such as Ru, Rh,
and Pd, all metals in scare abundance on earth) and
radiation. One of the separation methods is the sol-
vent extraction process in which the fuels are
dissolved in nitric acid and contacted with an or-
ganic sclvent which selectively extracted the
desired elements. The purex process, which is one of
the solvent extraction processes, is the only nuclear
fuel reprocessing method which has been applied to
commercial plants.1 However, this process has the
disadvantage to induce the production of a large
amount of waste involving organic solvents which
are of potential danger of explosion. From an en-
vironmental point of view the volume reduction of
radioactive waste is of particular importance in nu-
clear energy. The troublesome problem of the re-
duction may be solved by availability of the
ion-selective extractant, which is soluble and stable
in aqueous concentrated nitric acid.

We have been developing the separation method
in nuclear waste using new ion-selective extractants
in water. In our basic program long open-hain
polyamines, which are soluble and stable in water,

have been synthesized by hydrogenation of -CH=N
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bonds in Schiff bases.”” In order to get further in-
sight into the chemistry of the polyamines we have
synthesized a new potentially heptadentate N-
ligand 1, 15-bis(2-pyridyl)-2, 5, 8, 11, 14-pentaaza-
pentadecane (pytetren) as its pentahydrochloride
salt. The ligand contains two pyridyl moieties and
five aliphatic amines. Proton association constants
and stability constants of the ligand with Co’,
Ni2+, CuH. and Zn"" ions are determined by potentio-
metry and compared with those of analogous Ng

ligands.
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2. Experimental

2. 1. Synthesis

The ligand of 1, 15-bis(2-pyridyl)-2, 5, 8, 11, 14-
pentaazapentadecane(pytetren) was prepared as its
salt(pytetren-5HCI) by the method described in
the previous paper.z'3 Pyridine-2-carboxaldehyde(2.
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14g, 0.02mol) and tetraethylenepentamine(1.89g, O.
0lmol) were dissolved in a mixture of 50mL of ab-
solute methanol and 5mL triethyl orthoformate
and then refluxed for 3h under dinitrogen atmos-
phere.

The solution was hydrogenated at room tempera-
ture over lg of 10% platinum on activated carbon
for 15h at slightly higher than 1 atom of hydrogen.
The catalyst was filtered off and the filtrate was
evaporated to dryness. The residue was dissolved
in 100mL of methanol, and the solution was satu-
rated with hydrogen chloride until no additional
colorless precipitate formed and allowed to stand
at 4°C overnight.

The crude crystals formed were filtered and
recrystallized by dissolving in H20, followed by ad-
dition of methanol until the white crystal
reprecipitated. The pytetren ligand is very stable
in air and water. Yield: 4.21g(76%). Anal. Cald for

CxHxN7Cls: C, 43.36: H, 6.87: N, 17.70. Found: C,
100.,
80
80
70
60
50

40

304

20

104

Fig. 1. Mass spectrum of pytetren.

4359: H, 7.02: N, 17.46. 'H-NMR(D,0-DMSO0-ds)
;¢ 8.37(d, 2H, pyridine H), 7.82(t, 2H, pyridine H),
7.37(m, 4H, pyridine H), 4.28(s, 4H, pyridylmethyl),
325(m, 16H, ethylene). “C-NMR(D;0-DMSO-ds)
:¢ 151.4, 149.7, 140.0, 1254, 124.5, 51.5, 45.2, 44.4, 44.
0, 43.9.

2.2. Spectroscopic Measurements

The UV-visible electronic absorption spectra
were recorded on a Shimadzu UV-160A spectrophoto-
meter. 'H-and "C-NMR spectra were measured on
a Bruker AM-300 spectrometer and reported as ¢
in ppm relative to DMSO-d; (2.49ppm for 'H and
39.7 ppm for ®C). Infrared spectra were recorded as
KBr disks on a Shimadzu IR 440 spectrophotometer.
Mass spectra were measured on a Kratos 25-

RFA GC-Mass spectrometer.

2. 3. Equilibrium Constant Measurement

Protonation constants(Ky") and stability (Kmy)
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and Zn**

and chelate protonation(KMHLH) constants for
co™t, Nit", o’ of the ligand(L) were
determined by the method described in the pre-

, and Zn°"
. 2
vious paper.
3. Results and discussion

The ligand pytetren was synthesized by the
hydrogenation of the parent Schiff base, which was
prepared in absolutely anhydrous methanol sol-
ution. If the solution contains a small amount of
water as an impurity, the product is contaminated
by by-products. The ligand obtained was characterized
'H- and "C-NMR, and

IR, and mass spectrometry. The mass spectrum

by elemental analysis(EA),

(Fig. 1) of pytetren measured as its pentahy-
drochloride salt gave its parent peak(m/e=371),
which corresponds to [pytetren]+ ion
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Fig. 2. Potentiometric equilibrium curves for 1:1
Molar ratios of pytetren with o', Ni**, Cu*™, and
Zn®" ions at 298.1 K. To=Tn=1.00x10"° mol dm™;
jonic strength=0.100 mol dm *(KNO;3). q is the
number of equivalent of KOH added.
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Protonation and stablity constants of pytetren
have been investigated in 0.100mol dm > KNO; at
298.1K. The potentiometric equlibrium curves for
the free ligand is shown in Fig. 2, together with
those for 1:1 molar ratios of pytetren with Co“,
Ni2+' Cu2+
constants(Ky") calculated from the curve are as
follows: log Ku'=9.36, log Kx =9.12, log Ky '=8.09,
log Ku'=6.62, log Ku =4.02, log Ki' =2.54. Since the

nitrogen atom on the pyridyl moiety is less basic

, and Zn’'ions. The ligand protonation

than that on aliphatic amines, the constants from
K};l to KH5 correspond those of protonation of ali-
phatic amine groups. The fact that the larger the
difference between Ky ' and Ky’ the higher n is
due to the stronger the electrostatic repulsion be-
tween protonated nitrogen atoms. For pytetren
with five aliphatic the first four

protonation occurs at the nitrogen atom adjacent

nitrogens,

to one of the protonated nitrogens. Therefore the
difference between KH3 and Ky' is larger than those
between Ky' and Ky or between K or between
Ky and Ky’ Fig. 3 shows the distribution diagram
for pytetren as a function of pH.

Titrations of pytetren - SHCl in the presence of
the ions Co(1Il), Ni(Il}), Cu(Il), and Zn( 1) with
KOH yield neutralization curves which are shown
in Fig. 2. The chelate stability constants(Kwm)
obtained are listed in Tuble 1, along with those of
N¢ ligands such as 1, 12-bis(2-pyridyD)-2, 5, 8§,
11—tetraazadodecane(pytrien)z. 1, 12-bis(2-pyrrolyl)
2,5, 8, 11—tetraazadodecane(pyrrotrien)z. 1-amino-13-
(2-pyridyl)-3, 6, 9, 12-tetraazatridodecane(aptatd)’,
4, 8, 5, 11, 15-tetraazaoctadecane-1, 18-diamine{taoda)”,
and N,Nldimethyl-S, 6, 9, 12-tetraazatetradecane-1,
14-diamine(Meglinpen).s~7 As expected on the basis
of the general Irving-Williams order, the stability
constants for all ligands given follow the order
co’', Ni*', cu™’, and Zn"

of pytetren are much higher than those of any

. The stability constants

Ns-containing ligand in Table 1. Assuming that the
sum of protonation constants of a ligand reflects

its total basicitys, the plots of log Kmi against
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Fig. 3. Distribution diagram for pytetren as a function of pH. [pytetren] =1.00 X 10 ™% mol dm

Tuble 1. Stability Constants for Co®™, Ni’*, Cu®", and Zn®* Complexes of Ng- and N;-Containing ligands at
298.1K in 0.100mol dm ~* KNO;

Ligand Equilibrium Co* NiZt Cut 7ot Ref
Constant
pytrien log Kt 17.02 23.03 24.15 16.03 2
log Ky 6.42 6.51 6.07 521
pyrrotrien log K 12.28 13.46 20.77 11.08 2
log Knn” 2.58 3.28 5.85 1.85 '
taoda’ log K. 10.30 12.23 19.35 10.53 4
Meylinpen® log KumL 14.8 18.2 21.6 14.0 56,7
aptatd log K1 18.00 21.31 23.62 15.60 3
pytetren log K. 22.67 26.25 28.46 19.90 This
log K" 6.80 8.44 8.86 8.14 work
*In 0.15mol dm ~* NaClO,
SKy" were almost linear for pyridyl-containing ligands The chelate protonation constants KMHLH. which are
involving the ligands enumerated in T4ble 2 of Refer-  defined by [MHL]/ [ML][H"], are also given in
ence 2. Tuble 1. The constants for Ni‘', Cu’", and Zn®*"
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chelates are much larger with pytetren than with
pytrien, whereas the constant. for Co®" chilate is simi-
lar in magnitude with each other.

The UV-vis spectra of [M(pyi:e'cren)]2+ (M =Co,
Ni, and Cu) in aqueous solution were measured and
their maxima in the visible region are as follows: Co,
479nm; Ni, 514nm; Cu, 621lnm. It is uncertain which
of seven nitrogen atoms are coordinated to the

first-row transtion metals.
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Abstract : The new potentially heptadentate N; ligand 1, 15-bis(2-pyridyl)-2, 5 8, 11,
14-pentaazapentadecane(pytetren) has been synthesized and characterized by EA, IR,
NMR, and mass spectrometry. Its proton association constants(log Ku") and stability
constants(log Kmy) for Co?*, Ni**, Cu*", and Zn*" ions were determined at 298.1K and ionic
strength=0.100M(KNO3) by potentiometry: log Ku'=9.36, log Ki?=9.12, log Kx’=8.09, log
Ku'=6.62, log Ki'=4.02, log Ku®=254: log Ku(Co™")=2267, log Kur(Ni’")=26.25, log

K (Cu’™) =28.46, log K (Zn"")=19.90

Key words : protonation constant, stability constant, potentiometry
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