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Ni(IT) ions were synthesized and their properties
were studied [10,16,17].

As a continuation of our studies on chloro-
phenoxyacetates and also on carboxylates [10,18-
30] we decided to synthesized 4-chlorophenoxy-
acetates with Nd(III), Gd(ITI) and Ho(III) and to
study some of those of their properties not to have
been investigated so far, such as magnetic proper-
ties in the range of 76-303K, thermal stability in
air at 293-1173K, solubility in water at 293K and
to record their FTIR spectra.

Thermal stability investigations give infor-
mations about the process of dehydration about
the ways of decompositions, and the magnetic
susceptibility measurements let study the kinds of
the manner of central ion coordination. The de-
termination of the solubility is valuable because
it informs about the practical use of acid for se-
paration of transition metal ions by extraction or
ion-exchange chromatographic methods.

Experimental details

The 4-chlorophenoxyacetates of Nd(III),
Gd(III) and Ho(III) were prepared by the addi-
tion of the equivalent quantities of 0,Imol-dm
ammonium 4-chlorophenoxyacetate (pH = 5) to a
hot solutions containing the 0,1 mol-dm= Nd(III),
Gd(III) and Ho(III) nitrates (V) and crystallizing
at 293K (1h). The solids formed were filtered off,
washed with hot water and methanol to remove
ammonium ions and dried at 303K to a constant
mass.

The contents of carbon and hydrogen in the
complexes and in the intermediate and final pro-
ducts obtained from their thermal decompositions
were determined by elemental analysis using a
CHN 2500 Perkin-Elmer analyzer and the content
of chlorine by the Schéniger method (Table 1).

Table 1. Elemental analysis data of Nd(III), Gd(III) and Ho(III) 4-chlorophenoxyacetates and their solubility

in water at 293K.
B H/% C/% Cl/% M/% Solubility
Complex L- = C,H,CO, caled found caled found caled found caled found mol-dm?
NdL,2H,0 3.00 2.77 39.10 3896 1450 1448 19.60 2270  5,3-10*
GdL,2H,0 2.90 2.79 3840 3894 1420 14.18 2090 19.50  7,6-10*
HoL,-3H,0 3.10 2.88 37.10 37.16  14.10  14.08 21.80 21.20  8,5-10*

The contents of M*" were established gravimetrically and by XRF method using spectrometer of
X-ray fluorescence with energy dispersion EDXRF-1510 (CANBERRA firm).

The IR and FIR spectra of complexes were recorded over the ranges 4000-400cm™ and 600-
100cm’!, respectively, using M-80 and Perkin-Elmer 180 spectrometers. Samples for IR spectra mea-
surements were prepared as KBr discs. FIR spectra were obtained in Nujol mulls sandwiched between

polyethylene plates (Table 2).

The FTIR spectra of the intermediate and final products obtained from the complex thermal de-

compositions were also registered.
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were calculated from TG curves and verified by the diffraction pattern registration and IR spectra. The
termogravimetric analysis of DSC/TG was performed at temperature 323-723K using a differential ther-
moanalyzer Netzsch STA 409C 3F. The measurements were carried out under nitrogen flow (99,995%
purity) and temperature increase rates of 1-12K min-'.

Table 3. Temperature ranges of thermal stability of Nd(III), Gd(IIT) and Ho(IIT) 4-chlorophenoxyacetates
in air.

Final
AH,
Complex Mass loss/% Mass loss/% Intermedie - AH/ " O TRK M.a s of product of
L-= AT /K nHO AT/K product kmol"  jepmolt residue/% -
CHCIO 2 ? decomposition
ST caled.  found caled  found caled  found
NdL,2H0 338416 434 488 2 585733 7345 72,14 NdOCI 90,8 454 1273 2280 ~233 Nd,0,
GdL;2H0  316-412 427 481 2 597233 72,18 7142 GdOCl 136,5 68,3 1270 2430 ~24,0 Gd,0,
HoL;3H0  312-425 6,96 6,08 3 597132 7020 68,22 HoOCI 156,8 523 1223 2427 243 Ho,0,

AT, —temperature range of dehydration process, AT, — temperature range of anhydrous complex decom-
position, n — number of water molecules lost in the one step of dehydration process, AH — enthalpy value
of dehydration process, T,- final temperature of decomposition process, AH, w0 - enthalpy value for
one molecule of water, T, - final temperature of decomposition process

100! W, [%]

GdL, 2H,0
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Fig. 2. TG,DTG and DTA curves for Ho(III) 4-chlorophenoxyacetate in air
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white for Gd(III) complexes. In these compounds
the f—f electron transitions of the central ions are
those of the lowest energy and absorption occurs
at relatively high wave lengths that depends on
the nature of the metal ion [33,34].

The compounds were characterized by el-
emental analysis (Table 1), FTIR and FIR spectra
(Table 2).

The 4-chlorophenoxyacetates of Nd(III),
Gd(IIT) and Ho(IIT) exhibit similar solid state IR
spectra. The band at 1708 cm' originating from
the RCOOH group, presented in the acid spec-
trum, is replaced in the spectra of complexes by
two bands at 1572-1567 cm™ and 1346-1328cm-
!, which can be ascribed to the asymmetric and
symmetric vibrations of COO" group, respectively
[35-38].

The bands with the maxima at 3429-
3410cm characteristic for v, vibrations [35-40]
confirm the presence of crystallization water mol-
ecules in the complexes.

The bands of C-H vibrations are observed
at 2929-2918cm™. The bands of v(C=C) ring
vibrations appear at 1624-1622cm™, 1494cm’,
1177-1174cm, 1111-1104cm™' and 1068-1066¢cm-
.The valency v(C-Cl) vibration bands occur at
734-730cm™ and those of the asymmetric and
symmetric v(C-O-C) at 1082-1068cm™! and 1060-
1058cm, respectively. The bands at 451-449cm-
' confirm the ionic metal-oxygen bond [41-50].
These bands change insignificantly their positions
which may suggest the different stability of these
complexes.

The bands in the range of 118-106cm™! are
connected with the O-H...O streching vibrations
and they change their shapes according to the rise
of atomic number of elements and the degree of
hydration in 4-chlorophenoxyacetates. The bands
at 138-122cm™ confirm the internal C-C torsion
vibrations and the bands at 283-267cm™ arising
from the aromatic ring vibrations also change
their shapes.

Table 2 presents the values of the two band
frequencies of asymmetrical and symmetrical vi-
brations for carboxylate group of analysed com-
plexes.

The separations of the v _(COO), and
v (COO’) modes in the compounds, Av(COO),
are smaller than that of the sodium salt (Av,, =

72

271cm™) indicating a smaller degree of M-O ionic
bonds in 4-chlorophenoxyacetates compared to
that of the sodium salt. For the complexes the
shifts of the frequencies of bands of v_(COO),
and v (COO) are lower, and lower or the same,
respectively, than those for sodium 4-chlorophe-
noxyacetate. Accordingly, taking into account the
spectroscopic criteria [36-38,49,51] the carboxy-
late ions appear to be bidentate groups.

In order to estimate the crystalline forms
of the 4-chlorophenoxyacetates the X-ray powder
diffraction measurements were done. The diffrac-
togram values suggest them to be polycrystalline
compounds with various degree of crystallinity
[52] (Fig.1)

The thermal stability of Nd(III), Gd(III)
and Ho(II1)) 4-chlorophenoxyacetates was studied
in air at 293-1273K (Table 3. Fig.2).

When heated to 1273K the Nd(IIT) complex
is dehydrated in one step. In the temperature range
of 338 — 416 K it losses two water molecules and
forms anhydrous salt. The loss of mass calculated
from TG curve is equal to 4,88% (theoretical val-
ue is 4,34%). The anhydrous salt at 553 — 1273 K
is gradually decomposed to Nd,O, that is the final
product of complex decomposition. The interme-
diate compound formed in this range of 553-873K
is NdOCI. The found mass loss is equal to 72,14%
and the calculated value 73,45%. The residue mass
estimated from TG curve is equal to 23,27% while
that theoretically calculated 22,80%. The dehydra-
tion process is connected with endothermic effect
whereas the combustion of the organic ligand is
accompanied by exothermic one. The final prod-
uct of complex decomposition was confirmed by
IR spectra and X-ray powder diffractogram.

The dihydrate of Gd(III) 4-chlorophe-
noxyacetate during heating in air losses the water
molecules in one stage in the range of 316 — 412
K and forms anhydrous salt. The final product of
complex decomposition was identified by elemen-
tal analysis and X-ray powder diffractogram as
Gd,0,. The intermediate product of complex de-
composition is GAOCI formed at 573-923K. The
found weight loss is equal to 71,42 and calculated
one 72,18 %. The residue mass estimated from
TG curve is 24,0% and theoretically determined
24,30%. The dehydration process is connected
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following: 3,74 p, for Nd; 7,23 p, for Gd and
10,60u, for Ho [63].

From the values of magnetic moments de-
termined for the complexes it appears that ener-
gies of 4f electrons in the central ions are not
changed compared to those in the free lanthani-
de ions. Thus, the colours of the complexes stay
the same as those in the free lanthanide ions. The
electron density in the molecules makes the f-f
electronic transitions of the central ions to be tho-
se of the lowest energy and the absorption occurs
at relatively high wavelengths. The 4f orbitals of
lanthanide ions effectively shielded by the 5s?5p®
octet. Therefore the metal ligand bonding in lan-
thanide complexes is mainly electrostatic in natu-
re [64,65].

Conclusions

On the basis of the results obtained it appe-
ars that 4-chlorophenoxyacetates of Nd (III),
Gd(IIT), and Ho(III) were synthesized as hydrated
complexes. Their colours are typical for the parti-
cular Ln(III) ion, i.e. violet for Nd, white for Gd,
and cream for Ho, having their origin in the lowest
energy of f-f electronic transitions of the central
ions. Their energies are not radically changed in
comparison with the free lanthanide ions, there-
fore the colours of the complexes are the same as
those for the free lanthanide ions. The Ln-O band
is mainly electrostatic in nature. The complexes
are crystalline compounds that on heating in air to
1173K decompose in three steps. In the first step
they dehydrate to form anhydrous complexes that
next decompose to the oxides of appropriate me-
tals with intermediate formation of LnOCI. The
values of . calculated for the compounds ale
close to those obtained for Ln** by Hund and Van
Vleck. There is no influence of the ligand field of
4f electrons on lanthanide ions.

The solubilites of Nd(III), Gd(III) and
Ho(III) 4-chlorophenoxyacetates in water at 293K
are of the order of 10*mol-dm™.
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