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The physicochemical properties and thermal stability in air of the 2,4- and 3,4-di-
methoxybenzoatesof rare earthelementswerecompared inorder toobserve the influenceof
the position of the �OCH3 substituent on their thermal stability. The complexes of these two
series are crystalline, hydrated or anhydrous salts with colours typical of trivalent rare earth
ions. The carboxylate group is a bidentate, chelating ligand. The thermal stability of the 2,4-
and 3,4-dimethoxybenzoates of the lanthanide elements was studied in the temperature
range273�1173K.Thepositionsofmethoxy-groups in thebenzene ring influence thenum-
ber of crystallization water molecules in the complexes and their thermal stability, which is
connected with the varying influence of inductive and mesomeric effects of the �OCH3
substituent on the electron density in the benzene ring.

: 2,4- and 3,4-dimethoxybenzoatesof rare earth elements, thermal stability of
complexes, influence of methoxy- groups on the properties of dimethoxybenzoates, in-
fluence of substituents.
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EXPERIMENTAL

The 2,4- and 3,4-dimethoxybenzoates of the lanthanides were prepared by the addition of the
equivalent quantities of 0.1M ammonium 2,4- and 3,4-dimethoxybenzoates (pH»5) to hot solutions
containing the lanthanide chlorides and by crystallization at 293 K. The formed solids were filtered
off, washedwith hot water to remove ammonium ions and dried at 303K to a constant mass. The car-
bon, and hydrogen contents were determined by elemental analysis using a CHN 2400 Perkin Elmer
analyser. The contents of the rare earth element were established spectrophotometrically.

The IR spectra of the complexes, as well as the spectra of 2,4- and 3,4-dimethoxybenzoic acid
and their sodium salts were recorded in the 4000�400 cm-1 range, using KBr discs on an M-80
spectrophotometer. Some of the results are presented in Fig. 1 and in Table I.

TABLE I. Frequencies of the maxima of the absorption bands of the COO� and M� O vibrations for
2,4- and 3,4-dimethoxybenzoatesof rare earth elements and sodium (cm-1) and their solubility prod-
ucts in water (at 293 K)

Complex
L = C9H9O4

nasCOO
- nsCOO

- DnCOO
- nM-O

Solubility products
(mol dm-3)4

LaL3.3H2O 1520 1400 120 580 2.0.10-10

CeL3 1520 1400 120 570 7.9.10-9

PrL3 1520 1400 120 570 6.7.10-9

NdL3 1530 1400 130 570 5.5.10-8

SmL3.2H2O 1530 1400 130 575 3.2.10-10

EuL3.2H2O 1520 1400 120 570 8.7.10-9

GdL3.3H2O 1520 1410 110 570 2.8.10-9

TbL3.2H2O 1530 1425 105 566 6.3.10-10

DyL3.2H2O 1530 1425 105 560 9.8.10-10

HoL3.2H2O 1530 1430 100 560 6.0.10-10

ErL3.2H2O 1540 1430 110 566 7.2.10-10

TmL3.2H2O 1540 1430 110 566 6.2.10-10

YbL3 1530 1430 100 566 9.5.10-9

LuL3 1530 1430 100 566 1.6.10-9

YL3.2H2O 1540 1430 110 566 1.6.10-9

NaL 1560 1400 160 580 -

LaL3.4H2O 1520 1400 120 545 2.7.10-12

CeL3.4H2O 1520 1400 120 550 1.4.10-10

PrL3.4H2O 1520 1400 120 540 7.0.10-13

NdL3.4H2O 1530 1400 130 540 1.0.10-11

SmL3.4H2O 1530 1400 130 550 2.5.10-11

EuL3.4H2O 1520 1400 120 540 9.0.10-13

GdL3.4H2O 1520 1410 110 540 1.0.10-13

TbL3.4H2O 1520 1410 110 550 5.0.10-12

DyL3.4H2O 1520 1410 110 550 4.2.10-11

HoL3.3H2O 1520 1410 110 550 1.4.10-10

ErL3 1520 1415 105 550 1.6.10-10

TmL3 1550 1415 135 545 6.2.10-11

YbL3 1550 1415 135 545 8.6.10-12

LuL3 1530 1415 135 545 4.3.10-12

YL3 1525 1415 105 545 2.0.10-10

NaL 1560 1400 160 560 -

- complexes with 2,4-dimethoxybenzoic acid, - complexes with 3,4-dimethoxybenzoic acid
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X-Ray powder patterns were taken on a HZG-4 (Carl Zeiss Jena) diffractometer using Ni fil-
tered CuK

a
radiation. The measurements were made within the range 2q = 4�80º by means of the

Debye-Scherrer-Hull method. The thermal stabilities of these complexes in air were studied in the
range 273�1173 K using a Paulik-Paulik-Erday Q-1500 D derivatograph with a Derill converter re-
cording TG, DTG and DTAcurves. The measurements were recorded at a heating rate of 10 Kmin-1

using the full scale of the balance. The 100mg samples were heated in platinum crucibles in static air
to 1173 Kwith a TG sensitivity, of 100 mg ( the whole scale of the balance was equal to 100mg).
The DTG and DTAsensitivities were regulated by the Derill computer programme. Tha paper speed
was 2.5 mm min-1 and Al2O3 was used as the standard.
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Fig. 1. Infrared spectra of ( )-2,4- and ( )-3,4-dimethoxybenzoicacids and ( )-2,4- and ( )-3,4-
dimethoxybenzoates of Sm.



The solubilities of the 2,4- and 3,4-dimethoxybenzoates of lanthanides in water (at 298 K)
were determined by measuring the concentration of the metal ions in a saturated solution by a
spectrophotometrical method using a SpecordM-40 spectrophotometer. The absorbance of the com-
plexes wasmeasured usingArsenazo III in formic buffer (HCOOHandHCOONa; = 0.1M; pH 3.5)
at the wavelength l = 650 nm using the blank as references.4-7

RESULTS AND DISCUSSION
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Fig. 2. TG, DTG and DTA curves of 2,4-dimethoxybenzoateof Eu.

Fig. 3. TG, DTG and DTA curves of 3,4-dimethoxybenzoateof Eu.
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TABLE II. Temperature ranges of the dehydration and decomposition processes of the 2,4- and
3,4-dimethoxybenzoatesof the rare earth elements in an air atomosphere

Complex
L = C9H9O4

D 1/K
Weight loss/ %

D 2/K
Weight loss/ % K/K

calcd. found calcd. found
LaL3.3H2O 363�383 7.16 7.30 3 513�1053 78.39 77.90 1098

CeL3 - - - - 508�1003 74.80 74.90 1063
PrL3 - - - - 483�1003 75.10 75.60 1048
NdL3 - - - - 498�1043 75.52 76.20 1098

SmL3.2H2O 368�398 4.93 4.60 2 478�1023 76.09 76.20 1073
EuL3.2H2O 363�403 4.92 4.90 2 488�1013 75.93 76.20 1073
GdL3.3H2O 358�398 720 7.00 3 498�923 77.57 77.60 978
TbL3.2H2O 383�413 4.87 4.62 2 533�983 74.66 74.92 998
DyL3.2H2O 388�408 4.85 4.62 2 538�998 74.85 74.92 1048
HoL3.2H2O 383�403 4.84 4.62 2 548�973 74.60 74.92 1098
ErL3.2H2O 378�398 4.82 4.62 2 543�983 74.37 74.26 1073
TmL3.2H2O 373�393 4.81 4.62 2 548�963 74.20 74.16 1053

YbL3 - - - - 563�973 72.48 72.94 1023
LuL3 - - - - 543�988 72.28 72.94 998

YL3.2H2O 383�403 5.38 5.28 2 548�988 82.97 82.84 1073

LaL3.4H2O 333�413 10.50 10.40 4 573�933 75.76 75.56 1083
CeL3.4H2O 313�393 10.50 10.45 4 533�933 78.00 77.99 943
PrL3.4H2O 368�408 9.50 9.24 4 553�893 75.10 75.20 923
NdL3.4H2O 353�413 10.40 10.30 4 573�953 75.76 75.76 1073
SmL3.4H2O 343�413 10.40 10.35 4 573�953 78.00 78.00 973
EuL3.4H2O 358�393 9.30 9.40 4 553�898 74.98 75.00 993
GdL3.4H2O 363�393 9.30 9.20 4 563�943 74.10 74.00 1003
TbL3.4H2O 373�573 9.30 9.30 4 573�883 72.89 72.90 1033
DyL3.4H2O 383�598 9.25 9.15 4 598�918 73.58 74.00 973
HoL3.3H2O 373�603 7.08 7.10 3 603�918 73.33 73.50 993

ErL3 - - - - 618�868 73.09 72.99 983
TmL3 - - - - 563�933 72.90 72.80 953
YbL3 - - - - 613�843 72.50 72.60 863
LuL3 - - - - 563�853 72.31 72.36 873
YL3 - - - - 608�948 82.02 80.00 968

- complexeswith 2,4-dimethoxybenzoicacid, - complexeswith 3,4-dimethoxybenzoicacid,D 1�
temperature range of the dehydration process, � number of molecules of crystallizationwater being
lost in one endothermicprocess,D 2 � temperature range of the decompositionof the anhydrouscom-
plexes, K � temperature of oxide formation
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Fig. 4. Dependence of the initial dehydration and oxide formation temperature of 2,4- and
3,4-dimethoxybenzoatesof lanthanides and Z.



I Z V O D

SPEKTROFOTOMETRIJSKO I TERMI^KO PONA[AWE 2,4- I

3,4-DIMETOKSIBENZOATA ELEMENATA RETKIH ZEMAQA

WIESLAWA FERENC and AGNIESZKAWALKÓW-DZIEWULSKA

Department of Inorganic and General Chemistry, Maria Curie-Sklodowska University, PL 20-031 Lublin, Poland

Upore|ene su fizi~kohemijske osobine i termi~ka stabilnost u vazduhu 2,4- i

3,4-dimetoksibenzoata elemenata retkih zemaqa u ciqu prou~avawa uticaja polo`aja

�OCH3 supstituenta na wihovu termi~ku stabilnost. Kompleksi ove dve serije su

kristalini~ne, hidratisane ili anhidrovane soli boja tipi~nih za jone elemenata

retkih zemaqa. Karboksilatna grupa je bidentatni helatni ligand. Termi~ka stabil-

nost 2,4- i 3,4-dimatoksibenzoata lantanidnih elemenata prou~avana je u temperatur-

nom opsegu 273 � 1173 K. Polo`aj metoksi grupa u benzenovom prstenu uti~e na broj

molekulakristalnevodeukompleksuiwihovutermi~ku stabilnost, a{to jepovezano

sa razli~itim uticajima induktivnih i mezomernih efekata �OCH3 supstituenta na

elektronske gustine u benzenovom prstenu.
(Primqeno 3. aprila, revidirano 17. jula 2000)
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Fig. 5. Relationship between the solubilities of 2,4- and 3,4-dimethoxybenzoatesof the rare earth
elements and Z.
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