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Ce(III), Pr(III), Nd(III), Gd(III) and Lu(III)) com-
plexes with mentioned above D-alduronic ligands
[12]. FT-IR spectra were recorded with an IFS-113v
vacuum spectrometer under the following condi-
tions: 2 cm"1 bandpass, 128 scans and 4-point (tra-
pezoidal) apodization. The solid samples were pel-
letized in KBr (about 1% of the acid or studied
complex).

Results and discussion

The Fourier-transform infrared spectra of D-glu-
curonic acid, D-galacturonic acid and their lanthan-
um salts have been recorded in the region of
4,000-150 cm"1. It can be seen, that spectra of the
lanthanum-uronic acid salts are substantially differ-
ent from those of the corresponding free acids. The
spectra of these salts are covered by the strong and
broad absorption bands related mainly to the OH,
CO2, CO stretching and COH bending vibrations,
which overlap several other fine and sharp sugar
absorption bands. The coordination involves two
uronic acid anions, each binding through C(6) and
C(6') carboxyl oxygen atoms and C(5) ring oxygen
atom, as well as several water molecules resulting to
the usual coordination geometry around the REE
cation [12]. The main feature of the spectra re-
levant to the following discussion are given in Table
and Figs 1-6.

On the basis of the comparison made for the
obtained already stability constants [12] with the
FT-IR spectra and literature data concerning NMR
investigation of the Ln3 + - alduronic acid systems,
the following points may be emphasized:
- The strong intermolecular sugar hydrogen bond-

ing network is rearranged upon the complex
formation.

- The 1:1 Ln3+-D-galacturonate complex stability
constants are greater than these for D-glucu-
ronate. In the contrary, for 1:2 complexation only
the light lanthanides (ions of the greatest radii)
are favourably complexed by the D-galacturo-
nic acid. This phenomenon was explained in
terms of the steric hindrance of C(4) hydroxyl
groups.

- The 1:1 complexation is effectuated simulta-
neously by the C(6) and C(6') carboxylic oxygen
atoms as well as by ring C(5) oxygen atom. It is
in certain degree supplemented by the C(4) hy-

droxyl groups. The 1:2 complexes, in turn, are
formed only by two fully ionized acid anions
through C(6) and C(6') oxygen atoms of carboxyl
groups only.

- The Fourier-transform infrared spectra recorded
for the both D-alduronic acids and their lan-
thanum(III) crystalline salts in the region of
4,000-150 cm'1 support the mentioned above
conclusions. Furthermore, presence of a weak
absorption band at about 870 cm"1 in the spec-
trum of free galacturonic acid, as well as of both
investigated salts, may be related to the a-ano-
mer conformation. Appearence of the band at
822 cm"1 in the spectrum of free galacturonic
acid suggests, that mentioned above commer-
cial sample of the acid must be treated as a mix-
ture of both anomers.
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IONIC RADII. EFFECT OF SHELL RADIUS, CATION CHARGE
AND LONE ELECTRON PAIR

S. Siekierski

Radii of ions, rj [1], were compared with radii of
their outermost orbitals, <rni> [2]. It has been
found that for s and p block elements in the oxi-
dation state equal to the Group valence, rj is a
linear function of <rni> and for a constant value
of <rni> decreases with increasing formal charge
of the cation (Fig.l). For p block elements in the

oxidation state two below Group valence the
difference r, - <rni> exhibits a saw-tooth be-
haviour (Fig.2), i.e. secondary periodicity, simi-
lar to that in stability of oxidation states [3]. The
^aw-tooth behaviour in the radii suggests that
the lone pair acquires some s character between
the 3-rd and 4-th Period, and becomes essentially
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Fig.l.The ionic radius as a function of the radius of the outer-
most shell. The oxidation state is equal to the Group
valence. The full point denotes the ionic radius of Cu(l + ).

an s2 pair in Tl(l+), Pb(2+), Bi(3+), and
Po(4+). The radii of Lr(l+), 104(4+) and
105(5+) have been estimated from linear rela-
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Fig.2. Variation in the difference ri - <r(n-l)l>. The oxidation

state is two below the Group valence. Full circles denote
values estimated from the saw-tooth behaviour.

tionships between r, and <rnj> and those of
Al(l+), Ga(l+), In(l+) and Si(2+) from the
saw-tooth pattern.
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"REGULAR" AND "INVERSE" TETRAD EFFECT

T. Mioduski

The potentiometric data of Sawada et al. [1] for
protonation of the lanthanide nitrilotris(methyle-
nephosphonic) (Ln(ntmp)a^") are plotted in Fig.,
as confronted with the present author's potentiome-
tric data [2] for protonation and hydroxo-complexa-
tion of the Ln(dcta)^ chelates, where dcta denotes
trans-1,2-diaminocyclohexanetetraacetic acid.

Tne "regular" [1] and "inverse" [2] tetrad effect
must be interpreted [2-4] in terms of the opposite
coordination number (CN) change of the Ln(III)
central ions in result of protonation. For pro-
tonation in the dcta system, the following equilibria
are valid:

(H2O)mLn(dcta)^q + H(OH2)n ^
«• (H2O)m+lHLn(dcta)aq + (n-l)H2O

Presumably m~3 in the La-Sm range and m=2
in the Dy-Lu range of the Ln series, and the "in-
verse" tetrad effect is observed in the -RT Aln K vs.
q variations given in Fig. For protonation in the
ntmp system the following equilibria are held:

(H2O)mLn{N[CH2P(O)2(O)]3}|q- + H(OH2)+ (2)

<*> (H2O)mLn{3[(O)(O)2PCH2]NH}|q + nH2O
In eq. (2) presumably m~3, at least for Y(III)

and heavy lanthanides of the yttrium group. It
results in the "regular" direction of the tetrad effect
as presented in Fig., and the tetrad destabilization
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Fig. Gibbs energy variations for the Ln(ntmp)^" (o), Ln(dcta)'
(upper curve; full circles) and (HO)Ln(dcta)2" (A) systems
vs. number of f-electrons q, total orbital quantum number L
and ground terms of larthanides. at imprecision of ±0.17
kJ/mol.


