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Abstract: The conditions for the formation of rare earth element 3,5-dimethytoxybenzoates
were studied and their quantitative composition and solubilities in water at 293 K were de-
termined. The complexes are anhydrous or hydrated salts and their solubilities are of the or-
ders of 105 — 10 mol dm. Their FTIR, FIR and X-ray spectra were recorded. The com-
pounds were also characterized by thermogravimetric studies in air and nitrogen atmo-
spheres and by magnetic measurements. All complexes are crystalline compounds. The
carboxylate group in these complexes is a bidentate, chelating ligand. On heating in air to
1173 K, the 3,5-dimethoxybenzoates of rare earth elements decompose in various ways. The
hydrated complexes first dehydrate to form anhydrous salts which then decompose in air to
the oxides of the respective metals while in nitrogen to mixtures of carbon and oxides of the
respective metals. The complexes are more stable in air than in nitrogen.

Keywords: 3,5-dimethoxybenzoates, rare earth elements, thermal stability of 3,5-dimetho-
xybenzoates, magnetic properties of complexes.

INTRODUCTION

The compounds of 3,5-dimethoxybenzoic acid with various cations are little known.
Papers exist on its complexes with cations such as: Cu(Il) and Ag(I), Zn(II) and Pb(II). The
compounds were obtained as solids or were investigated in solution.!-2 The 3,5-dimetho-
xybenzoate of Cu(II) was isolated in the solid state and its thermal stability was studied!
while those of Ag(I), Zn(IT) and Pb(II) were only investigated in solution.?

The physico-chemical properties of 2,3-dimethoxybenzoic acid were also studied and
the parameters of its unit cell in the solid state were determined.2-3 There is no information
about the solid-state properties of complexes of 3,5-dimethoxybenzoic acid with rare earth
elements. Therefore, it was decided to synthesize them in the solid state and to examine
some of their properties, such as thermal stability in air and nitrogen, solubility in water at
room temperature, IR spectral characteristics and crystalline form in order to determine
wheather they are crystalline or amorphous compounds. The thermal stability investiga-
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tions enabled the evaluation of the mechamism of the complex decomposition. The deter-
mination of the solubility is valuable because it gives information about the practical use of
the acid for the separation of rare-earth elements by extraction or ion-exchange chromato-
graphic methods.

EXPERIMENTAL

The 3,5-dimethoxybenzoates of rare earth elements were prepared by the addition of equivalent quanti-
ties of 0.1 M ammonium 3,5-dimethoxybenzoate (pH= 5) to a hot solution containing the chloride of the rare
earth elements followed by crystallization at 293 K. The solids formed were filtered off, washed with water to
remove ammonium ions and dried at 303 K.

The contents of carbon and hydrogen were determined by elemental analysis using a CHN 2400
Perkin-Elmer analyser. The contents of metal (IIT) ions were determined by the oxalic acid method? (Table I).

TABLE 1. Analytical data of rare earth element 3,5-dimethoxybenzoates

Complex C/% H/% Ln/% Solubility
L=CoHoO4  Caled. Found Calcd. Found Calcd. Found mol/dm?
LaLy 2H,0  45.13 4525 431 417 19.35 1935  8.610%

Cel, 4743 47.53 3.95 3.73 20.51 20.19 1.8-10
PrL; 47.37 47.89 3.94 3.76 20.60 20.69 3.010%
NdL; 47.14 47.38 3.92 3.73 20.98 21.09 3.610%
SmL; 46.72 46.93 3.89 3.70 21.68 21.90 9.2:10
Eul; 46.62 46.62 3.88 3.67 21.86 22.02 7.2:10%
GdL, 46.27 46.13 3.85 3.65 22.45 22.21 5.0-10
TbL, 46.16 45.67 3.85 3.63 22.64 22.95 3410
DyL; 45.92 45.63 3.82 3.60 23.03 23.35 45104
HoL; 45.76 44.92 3.81 3.56 23.30 23.30 3410
ErL, 45.61 45.16 3.80 3.53 23.55 23.26 2310
TmL; 45.51 44.66 3.79 3.64 23.73 23.64 1.510
YbL, 45.25 45.62 3.77 3.57 24.16 24.50 1.3-10
LuLs 45.12 44.64 3.76 3.51 24.37 24.44 6.5107
YL,H,O 49.77 51.74 4.46 4.11 13.81 13.89 3.2:10%

The FTIR and FIR spectra of complexes were recorded over the range 4000-400 cm™! and 400-100
cm! using an FTIR 1725X Perkin-Elmer spectrometer and a Nicolet MAGNA FTIR 760 spectrometer, re-
spectively. The samples for the FTIR spectra measurements were prepared as KBr discs and those for the FIR
spectra with polyethylene of masses from 0.8 to 1.0 mg. Some of the results are presented in Table I and
Figs. 1 and 2.

The X-ray diffraction patterns were taken on a HZG-4 (Carl Zeiss-Jena) diffractometer using Ni filtered
CuK,, radiation. The measurements were made within the range 260 = 4-80° by means of the De-
bye-Scherrer-Hull method. The relationships between /1, and 26 for some of 3,5-dimethoxybenzoates of rare
earth elements are presented in Fig. 3.

The thermal stability and decomposition of the prepared complexes were studied in air using a
Paulik-Paulik-Erday 6-1500 D derivatograph with a Derill converter recording TG, DTG and DTA curves
(Figs. 4 and 5). The measurements were made at a heating rate of 10 K min'! with a full scale. The 100 mg
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Fig. 1. FTIR spectra of 3,5-dimetho-
xybenzoic acid (1), 3,5-dimethoxybenzoates Fig. 2. FIR spectra of 3,5-dimethoxybenoic acid (1),
ofLa (2), Eu(3), Tb (4) and Lu (5). 3,5-dimethoxybenzoates of La (2), of Gd (3), and of Lu (4).
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samples were heated in platinum crucibles in static air to 1173 K with a TG sensitivity of 100 mg (this means
that the whole scale of the balance was equal to 100 mg). The DTG and DTA sensitivities were regulated by
the Derill computer programme. The paper speed was 2.5 mm min™! and Al,0; was used as the standard. The
products of decomposition were calculated from the TG curves and verified by X-ray powder diffraction. The
data are presented in Table IIL.

The measurements in nitrogen were made on an OD-102 derivatograph at a heating rate of 10 deg/min.
The samples were heated to 1173 K at the following sensitivities: TG-100 mg, DTA-1/10, DTG-1/5. The ni-
trogen flowed through gas washers filled with pyrogallol and silica gel at a rate of 115 cm3/min. The results
are presented in Table I1I and Fig. 6. The nature of the solid decomposition products was established from the
TG curves and confirmed by IR and X-ray spectroscopy.

Magnetic susceptibilities of the polycrystalline complexes of 3,5-dimethoxybenzoates of rare earth ele-
ments were measured by the Gouy method using a sensitive Cahn RM-2 balance. Measurements were made
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at a magnetic field strength of 9.9 kBe. The calbrant employed was CoHg(SCN), for which a magnetic sus-
ceptibility of 16.44x100 cm™ g1 was taken.*

TABLE II. Frequencies (cm™!) of the absorption bands of COO" for 3,5-dimethoxybenzoates of rare earth ele-
ments and sodium and that of CO for 3,5-dimethoxybenozic acid (L = CoHgOy)

chorcn 5}112)6 A Ve=o Vas COO Vs 00" Aveoo- VM-0
LalL32H,0 - 1530 1397 133 391.05
CeL; - 1522 1382 140 429.49
PrL, - 1521 1381 140 430.52
NdL; - 1522 1378 144 431.42
SmL; - 1525 1384 141 432.61
EuL; - 1525 1381 144 432.93
CdLs - 1527 1384 143 433.39
TbL; - 1527 1387 140 433.63
DyL; - 1527 1386 141 434.10
HoL; - 1527 1386 141 43431
ErLs - 1529 1386 143 434.57
TmL; - 1529 1408 121 435.54
YbL; - 1531 1412 119 436.38
LuL; - 1531 1412 119 436.42
YLyH,0 - 1528 1387 141 436.92
HL 1684 - - - -
NaL - 1577 1399 178 -

TABLE III. Temperature range of thermal stability of rare earth element 3,5-dimethoxybenzoates in air and
nitrogen atmospheres

qugr;}le)é) AT, /K Mass loss / % ; A (Air) ATy /K Mass loss / % T /K
— S9HoY4 Caled. Found N (N,) Calcd. Found

Lal;2H,0  341-405 5.01 480 2 A 596-1053 7731 733 1100
333-373 5.01 492 2 N 593-1163 85.6 1273

Cel4 - - - - A 589-953 7481 752 976

N 673-1093 61.18 1123

PrL; - - - - A 611-963  75.10 75.0 1006

N 693-993 722 1073

NdL, - - - - A 616-1033 7551 754 1069
N 633-1113 78.94 1133

SmL5 - - - - A 616973 7485 746 996
N 613-913 81.39 973

EuL; — - — - A 596973  74.68 745 1021
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TABLE III. Continued

Complex Mass loss / % A (Air) Mass loss / %

L=GoHe0y  ANE T Found N(N,) ALIK  aled. Found K%
N 613-1183 7522 1203
GdL, - - - A 608-1003 7411 744 1030
N 613-1253 744 1273
TbL, - - - A 602-1013 7337 73.0 1045
N 613-1273 7196 1273
DyL, - - - A 599-1036 73.56 732 1053
N 793-1273 663 1273
HoL, - - - A 593-1023 7331 733 1037
N 6131273 7857 1273
ErL, - - - A 595-1049 73.07 734 1073
N 6731273 7272 1273
TmL, - - - A 603-1050 7290 73.0 1073
N 583-1273 63.58 1273
YbL, - - - A 573973 7248 721 1023
N 593-1143 7011 1173
LuL, - - - A 573-1013 7229 722 1023
N 573-963 7291 1073
YLyH,0  437-537 276 290 1 A 604-1003 8250 824 1023

303473 3.00

z

593-1153 82.2 1203

AT =Temperature range of the dehydration process; 7 = the number of molecules water lost in one endother-

mic step; AT, = temperature range of anhydrous complex decomposition; 7} = temperature of the final de-
composition process

Correction for diamagnetism of the constituent atoms was calculated by use of Pascal’s constants.® The
temperature independent paramagnetism of the rare earth ions was assumed to be zero. Magnetic moments
were calculated from the equations:

u=283 (M- )12 (1)

1 =283 [xM(T-0)]' @

The results are presented in Table IV.

RESULTS AND DISCUSSION

The 3,5-dimethoxybenzoates of rare earth elements were obtained as crystalline hy-
drated products with a metal to ligand ratio of 1:3 and a general formula: Ln(CqHgOy); -
nH,O where Ln = La(1ll), Ce(III), Pr(IIT), Nd(III), Sm(III), Eu(IlI), Gd(III), Tb(III),
Dy(1II), Ho(IT), Ex(I1I), Tm(I1I), Yb(III), Lu(IIl) and Y(III) and 7 =2 for Ln = La(IIl), n =
1 for Ln = Y(III) and n = 0 for Ln = Ce(III) — Lu(III).
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The colours of the complexes were those typical for the corresponding trivalent Ln3*
ions, i.e., white for La, Ce, Eu, Gd, Tb, Dy, Yb, Lu and Y, cream for Sm, Ho, green for Pr,
greenish for Tm, violet for Nd and pink for Er and originate from lowest energy f-f elec-
tronic transitions of the central ion.

The complexes were characterized by elemental analysis (Table I) and IR spectros-
copy (Table II, Figs. 1 and 2).

All the 3,5-dimethoxybenzoates of rare earth elements show similar solid state IR spec-
tra. However, the characteristic frequencies related to the carbonyl group are altered mark-
edly in going from the acid to the salts. The band of the COOH group at 1684 cnm! present in
the spectrum of the acid disappears in the spectra of the complexes and two bands arising
from the asymmetrc and symmetric vibrations of the COO™ group occur at 1530-1527 cm!
and 1412-1381 ecm !, repsectively.”-13 The bands of the C—H antisymmetric and symmetric
stretching of the <OCHj group are observed at 2944-2938 cm™! and 28432839 cm 1, re-
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spectively. The bands of the y(C—C) ring vibrations appear at 1612-1597 cm! and its out of
plane deformation modes at 1198-1157 cml. The y(C-H) vibrations are observed at
1397-1378 cm ! and 1062-638 cmL. The bands typical for the aromatic ring vibrations are
shifted insignificantly in the complexes compared to the respective bands in 3,5-dimetho-
xybenzoic acid, which indicates that the Ln(III) ions only weakly influence the benzene ring.
Bands due to the metal-oxygen bond appear at 436-391 cm! for the whole series of com-
plexes.8-13 Therefore, it is possible to suppose that 3,5-dimethoxybenzoic acid forms com-
plexes with rere earth elements of similar stability.8

In the FIR spectra of 3,5-dimethoxybenzoates of rare earth elements the bands at 116101
em! and at 170-150 cn! confirm the presence of water molecules and hydrogen bonds O-H
... O in the complexes of La(Ill) and Y(III). They are also caused by the torsional vibration of
the aromatic ring. The bands at 222-220 cnm! result from the internal vibration of the mole-
cule. The bands at 365-314 cm! are indicative of the v(M—O) vibrations. The FIR spectra for
the 3,5-dimethoxybenzoates of La(IlI), GA(IIl) and Lu(III) are shown in Fig. 2.

The frequency of the maxima of the absorption bands of the COO~ group for the
3,5-dimethoxybenzoates of rare earth elements and of sodium, as well as, of the CO group
for 3,5-dimethoxybenzoic acid are presented in Table II. The magnitudes of the separation,
Avcoo, between the frequencies v,g coo™ and vy coo— in the complexes are lower
(Avoco™ = 143-119 ecm 1) than in the sodium salt (Avocg™= 178 cmi 1), which indicates
a lower degree of ionic bond in the rare earth element 3,5-dimethoxybenzoates. According
to the spectroscopic criteria®!3:14 and with regard to the Nakamoto criterion, the carbo-
xylate ion appears to be a bidentate chelating ligands.

Analysis of the diffractograms suggests that the rare earth element 3,5-dimetho-
xybenzoates are crystalline compounds. The structures of the compounds have not been
determined because single crystals have not been obtained.

The thermal stability of yttrium and lanthanum 3,5-dimethoxybenzoate was studied
in air and nitrogen atmospheres (Table III, Figs. 4-6). When heated in air to 1173 K, the
3,5-dimethoxybenzoates of rare earth elements form oxides of the respective metal having
the same structures as the oxides obtained by roasting the rare-earth element oxalates.!5:16

The thermal stabilities of the rare earth element 3,5-dimethoxybenzoates were studied
in air in the temperature range 293—1173 K (Table III). The results obtained from their ther-
mal decompositions showed them to be anhydrous or hydrated salts. When heated in air
they decompose in one or two steps. The anhydrous complexes are stable up to 573-616 K
and then they decompose (with the exception of 3,5-dimethoxybenzoates of La and Nd) to
the oxides of the respective metal which are formed between 9761100 K. The weight loss
calculated from the TG curves are equal to 72.1-82.40 % (the theoretical values are
72.2-82.5 %). The oxides of the rare earth elements were identified by X-ray powder dif-
fraction analysis.!® The 3,5-dimethoxybenzoates of La(Ill) and Nd(III) decompose to
La,0,CO5 and Nd,O,CO5.17:18 The combustion of the organic ligands is accompanied
by strong exo-efects seen in the DTA curves. The large peaks recorded in the curves of the
DTG correspond to the gradual weight loss of the complexes during heating.
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Fig. 4. TG, DTG and DTA curves of neodymium Fig. 5. TG, DTG and DTA curves of holmium
3,5-dimethoxybenzoate in air. 3,5-dimethoxybenzoate in air.

The hydrated 3,5-dimethoxybenzoates of rare earth elements lose one or two mole-
cules of water of crystallization in one step in the range 341-537 K and form anhydrous
complexes (405-537 K). The found wieght losses estimated for dehydration process from
TG curves are equal to 2.9-4.8 % (the theoretical: 2.76-5.01 %). The dehydration process
is connected with an endothermic effect shown in the DTA curves.!7:18

The derivatogram of neodymium 3,5-dimethoxybenzoate is presented in Fig, 4. The
complex decomposes in two steps. The weght loss of the complex starts at 616 K. The de-
crease in weight occurs in the range 616976 K. The weight loss determined from the TG
curve is equal to 72.7 % (the calculated value is 72.32 %), which corresponds to the forma-
tion of Nd,O,CO3. Accordingly, the peak ascribed to this loss of the weight is also recorded
in the DTG curve, which is the first derivative of the weight loss. Next, the oxycarbonate of
neodymium is finally decomposed to Nd>O3 (994-1033 K). The weight loss determined
from the TG curve is equal to 75.4 % (the calculated value is 75.51 %). The oxidation process
is associated with a strong exothermic effect reflected in the DTA curve. Subsequently, the
TG curve reaches a plateau as the formed Nd,Oj is thermally stable.

The thermal stability of the rare earth element 3,5-dimethoxybenzoates was also stud-
ied in a nitrogen atmosphere (Table 11, Fig. 6). The complexes were found to be anhydrous
or hydrated salts. The 3,5-dimethoxybenzoates of lanthanum and yttrium were obtained as
mono- and dihydrates while those of the remaining ones are anhydrous salts. In the case of
yttrium and lanthanum 3,5-dimethoxybenzoate the found mass losses calculated from the
TG curves are equal to 2.9-4.92 % and theoretical 2.76-5.01 %. This corresponds to the
loss of one and two molecules of water.

On heating to 1173 K, the complexes decompose in various ways. The anhydrous
3,5-dimethoxybenzoates of Ce(1I), Pr(I1I), Nd(III), Sm(II), Eu(IIl) Gd(III), Tb(I1I), Dy(III),
Ho(I1I), Ex(IIT), Tm(III), Yb(III) and Lu(Il) are stable up to 573—793 K when they then de-
compose to a mixture of the respective metal oxides and carbon (Table III).

The hydrates of lanthanum and yttrium 3,5-dimethoxybenzoates, first dehydrate in
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the range 303—473 K to form anhydrous complexes. The dehydration process is accompa-
nied by an endothermic effect observed in the DTA curves. Next, in the range 593—-1163
K, the anhydrous complexes decompose further. The conbustion of the organic ligand is
connected with an exo-effect seen in the DTA curves. The TG, DTG and DTA curves of
the 3,5-dimethoxybenzoate of Nd during heating in a nitrogen atmosphere are presented in
Fig. 6.

The values of the initial decomposition temperatures of the anhydrous complexes of
La,Nd, Sm, Tm, Y, Lu in nitrogen are lower (573-633 K) than those in air, which suggests
that they are more stable in air than in nitrogen. The final products of decomposition of
3,5-dimethoxybenzoates of rare earth elements are mixtures of the respective metal oxides
and carbon. The content of the mixtures were identified by X-ray powder diffraction,16.19

From the obtained results it follows that the molecules of water may bind in different
ways in the coordination spheres of the complexes.20-23 Water of crystallization is re-
moved from various compounds over a broad temperature range.!7-18.20-22 According to
Nikolaev et al.20-22 and Singh et al.23 water eliminated below 413-423 K can be consid-
ered as water of crystallization and waer eliminated above 423 K may be coordinated to the
central ion. In the present investigation, the water of the lanthanum complex is eliminated
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below 413 K and FTIR spectral studies revealed it to be water of crystallization. In the case
of yttrium 3,5-dimethoxybenzoate the water is eliminated above 423 K and so may be con-
sidered as water coordinated to the central ion. The exact assignment of the position and
bonding interaction of the water molecules in the studied complexes demands determina-
tion of their crystal structures, this has unfortunately been hindered by the lack of suitable
single crystals.

TABLE IV. Values of u. for the lanthanides determined by Hund and by Van Vleck at room temperature*

Ln3* Ground term  Calcd. pog by Hund egr by Van Vieck egr (BM*)
La** 1S, 0.00 0.00 0.00
Cce’* 2Fs)y 2.54 2.56 2.64
Pr3* 3H, 3.58 3.62 3.68
Nd3* Top 3.62 3.68 3.70
Sm3* °Hs,, 0.84 1.55-1.65 1.82
Eu?* Fo 0.00 3.40-3.51 6.00
Gd3* 83 7.94 7.94 7.90
Tb3* H, 5/ 9.70 9.70 9.28
Dy3* s/ 10.60 10.60 10.32
Ho** 3Jg 10.60 10.60 10.61
Er¥* M5 9.60 9.60 9.23
Tm>* 3Hy 7.60 7.60 6.90
Yb3* ’F 4.50 4.50 431
Lu3" 1S, 0.00 0.00 0.00

In order to estimate the nature of the metal ligand bonding in the rare earth element
complexes and to attempt to establish why the colours of 3,5-dimethoxybenzoates of rare
earth elements are typical of Ln(Ill), the magnetic susceptibility of the 3,5-dimetho-
xybenzoates was determined over the range 77-330 K. The complexes obey the Cu-
rie-Weiss law. For all the complexes the values of the Weiss constants, 6, have a negative
sign. This is probably the consequence of antiferromagnetic spin interaction or crystal field
splitting of the paramagnetic spin state.242% The values of . determined for all the com-
plexes (except that for europium) are close to those calculated for Ln(III) ions by Hund and
Van Vleck (Table IV). The paramagnetic behaviour of the tripositive lanthanide ions is due
to the presence of unpaired 4f electrons. Since these electrons are well shielded from exter-
nal influence, both their spin and orbital motions are significant in determining the overall
observed magnetic moment of a complex compound. It follows, therefore, that the mag-
netic moment of a complex should indicate wheather or not these 4f electrons are involved
in bond formation. The complexes discussed herein show little deviation from the Van
Vleck values although the Curie equation has been used. This was to be expected as the
crystal field splitting of the f-orbitals is of the order of 100 cm !, a value quite inadequate to
bring about electron pairing or even an altered magnetic moment due to thermal population



RARE EARTH ELEMENTS COMPLEXES 761

of excited state whose degenerate levels have been split by the crystal field.2%-31 The val-
ues of the magnetic moments (Table IV) indicate that the La(III) and Lu(IIT) complexes are
diamagnetic, as may be expected from their closed shell electronic configurations and the
absence of unpaired electrons.32-34 The higher value of u g for europium 3,5-dimetho-
xybenzoate compared with that given by Hund may suggest a possible interaction of the
ligand field with the central ion or may be associated with a multistep splitting. The lowest
three excited states of the europium ion are sufficiently close in energy to the ground states
to be appreciably populated at room temperature.2%-33-36 Since the excited states possess
higher J values than the ground state, the actual magnetic moment is larger than that calcu-
lated by using the J value for the ground state with the exception of Sm and Eu. The
multiplet widths for the lanthanide elements are very large compared with A7 (k7' = 200
cm1) at room temperature, whereas those for Sm and Eu are not really infinitelly large
compared to 7. For Eu the interval between the lowest multiplet componenets is only 1/21
of the overall width as for a ’F term?? it appears (Eq.(3))

12 VinaxUimax + 1) —Jiin - Ginin + D] =126 -7—0=21 3)

Jmint1=1

In the complexes of 3,5-dimethoxybenzoates, the paramagnetic central ions remain
virtually unaffected by the surrounding diamagnetic ligands. The 4f electrons causing their
paramagnetism are well protected from outside influencies and do not participate in the
formation of the Ln—O bond. Instead, they only weakly interact with the electrons of the
surrounding atoms.37 Their energy levels are the same as in the free ions due to very effec-
tive shielding by the overlapping 5s25p® shell. For the lanthanide ions, the ground state is
separated by several hundreds of cm™! from the next higher-lying state. Hence, the mag-
netic properties can be considered identical to those of the ground state alone, making
bonded lanthanide ions behave in the same manner as the free ions. Therefore the colours
of the complexes remain the same as those in the free lanthanide ions. The electron density
in the molecules makes the f—f electronic transitions of central ions to be of the lowest en-
ergy and the absorption occurs at relatively high wavelengths.

Concluding, from the obtained results it appears that the Ln—O bond in rare earth ele-
ment 3,5-dimethoxybenzoates is mainly electrostatic in nature, since the 4f orbitals of the
lanthanide ions are effectively shielded by the 5s25p® octet.

The solubilities of 3,5-dimethoxybenzoates of rare earth elements in water at 293 K were
measured (Table I). They are in the order of 105 — 10~* mol dm3. Samarium 3,5-dimetho-
xybenzoate is the most soluble salt while that of lutetium the least soluble one. Taking into ac-
count the values of the complex solubilities, it is possible to state that 3,5-dimethoxybenzoic
acid cannot be used for the separation of rare earth elements by ion exchange chromatography
because it forms not readily soluble complexes with these elements.
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IIpoyuaBanu cy ycinoBH 3a 0Opa3oBame 3.5-IUMETOKCHMOEH30aTa ca €JIEMEHTHMA PETKUX
3eMasba Kao M BUXOB KBAHTUTATUBAH CAaCTaB U PACTBOPILUBOCT y Bofu Ha 293 K. Kommnekcu cy
AHXWPOBAHE WK XUPATHCAHE COJTH, A FHUXOBE PACTBOPILMBOCTH Cy peia Bemmse 107 — 10 mol
dm3. Camvypern cy u mixosn FTIR, FIR 1 peHTeHCKH CIeKTpH. JeIumera cy Takohe KapakTe-
pHCaHa TEPMOTPABUMETPH]CKOM AHAIM30M Y Ba3AyXy U a30Ty, K0 U MarHeTHUM MepemuMa. CBI
KOMIIJIEKCH Cy KPUCTalHa jefiuberba. KapOOoKCUIHe rpylie y OBUM KOMILIEKCUMA Cy OMJICHTaTHH,
xeJaTHu ouraHau. I'pejameM Ha Basuyxy o 1173 K 3,5-nuMeTokcnbeH30aTi esieMeHaTa peTKuX
3eMaJba pasNaxy ce Ha pasMyuTe HauyuHe. XWIPaTHCaHW KOMIUIEKCH CE€ NPBO JEXUAPATHUILY Y3
CTBapame AHXUJPOBAHMUX CONM KOje Ce 3aTUM Ha Basdyxy pasiaxy O OKcupa ofroBapajyher
MeTana, oK ce y a30Ty 100H]jajy cMellle yIibeHuKa 1 OKCHa ofrosapajyher merana. Kommnexcu cy
cTaOMJIHU}U Ha Ba3[yXy HETO y a3oTy.

(TTpumibero 14. debpyapa, pesuaupano 30. maja 2003)
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