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The rare earth (RE=La, Y, Gd) salicylates were synthesized by the rheological phase reaction method. The
complexes were characterized by elemental analysis, infrared spectra (IR), X-ray powder diffraction (XRD) and
thermal gravity analysis (TG). They can be represented by general formula RE(HSal); (RE=La, Y, Gd; HSal =
CgH4(OH)COO). The crystals of them are monoclinic and have layered structure. The mechanism of thermal de-
composition of rare earth salicylates was studied by using TG, DTA, IR and gas chromatography-mass spectrometry
(GC-MS). The thermal decomposition of the rare earth salicylates in nitrogen gas proceeded in three stages: firstly,
they were decomposed to form RE,(Sal); (Sal =C¢H,OCOOQ) and sdlicylic acid; then, RE,(Sal); were decomposed
further to form RE,O(COs3), and some organic compounds; finaly, RE,O(COs), were decomposed to form rare
earth metal oxides (RE,O3) and carbon dioxide. The organic compounds obtained from the second step of the reac-
tion are mainly dibenzofuran, xanthenone, 6H-benzo[c]chromen-6-one, 6-phenyl-6H-benzo[c]chromene, and

1,3-diphenyl-1, 3-dihydro-2-benzofuran.
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Introduction

Rare earth salicylates are a kind of important com-
pounds. The coordination compounds formed by rare
earth salts and salicylic acid have unusual structures and
interesting luminescent properties. By means of forming
conjugated complexes, rare earth metals and salicylic
acid can form net or polymer to change their lumines-
cent properties. Some rare earth complexes have been
applied to agriculture as light-transferring materials.
The thermal decomposition of the transition metal sali-
cylates has been reported in air*® and inert atmos-
phere*> However, no other detailed study has been re-
ported on the thermal decomposition reaction mecha-
nism of rare earth salicylates in inert atmosphere, and it
was found that many aromatic organic compounds were
formed, such as benzophenone and anthraguinone,
6H-benzo[c]-chromen-6-one and dibenzofuran.®” Some
organic compounds have been prepared by means of
thermal decompounds of these complexes, which were
characterized by elementa analysis, IR, X-ray powder
diffraction and gas chromatography-mass spectrometry.
The therma decomposition mechanism of the com-
plexes was investigated, and it was expected to obtain a
new path of synthesizing aryl compounds.
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Experimental

Preparation of samples

The purity of the starting materials RE;O; (RE=La,
Y, Gd) is 99.95% and sdlicylic acid is analytical reagent
grade. These reagents and solvent were used without
further purification.

RE,O; and sdlicylic acid are fully mixed by grinding
in amolar ratio of 1 : 6, and a proper amount of water
was added to prepare solid-liquid rheological state
(solid-liquid rheological state is a kind of semi-solid in
which solid particles and liquid substance are uniformly
distributed). It was reacted for 12 h in a closed container
at 80—100 C. Subsequently, the samples were washed
3—4 times with anhydrous ethanol or ethyl ether and
dried at 100 ‘C for 4 h. The anhydrous rare earth sali-
cylates were obtained.

Characterization of samples

The contents of carbon and hydrogen were deter-
mined by a Perkin-Elmer 240B element analyzer. The
contents of RE were determined by titration with EDTA.
The density of samples was determined with specific
gravity bottle (cyclohexane used as displacer). The in-
frared spectra of the samples in KBr pellets were re-
corded on a Nicolet 550 FT-IR spectrometer in the
range 4000—400 cm *. The X-ray diffraction pattern
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was obtained with a Rigaku D/MAX-RA model X-ray
diffractometer with a Ni-filler and graphite monochro-
mater, and Cu Ka, radiation (1=0.15405 nm). The TG
and DTA curves of the samples (6.2—8.7 mg ) were
recorded with a Shimadizu model DT-40 thermal
analyer in N, (flow rate 40 mLemin %) at a heating ratio
of 20 “Cemin ! from room temperature to 900 °C,
platinum cups were used as sample and reference hold-
ers, and aluminawas used as a reference material.

Collection and characterization of decomposition
products

According to the data of DTA and TG, the samples
of 3—4 g were decomposed in an atmosphere of N, in
tubular furnace at 400 “C for 5 h, and their products
were collected.” The chromatography and mass spectro-
grams of the gas condensates from thermal decomposi-
tion of samples were recorded on a VG analytical 7070
E-HF gas chromatography-mass spectrometer. GC-MS
was conducted on a Beijing KYKY GC/MS-DS2 com-
puter data system with an HP 5790A gas chromatogra-
phy and an OV1701 elastic quartz capillary column
(0.32 mm inside diameter and 30 m in length). Gas
chromatography was performed in the conditions: He as
the carrier gas, pre-column pressure 880 kPa, starting
temperature 80 °C, heating rate 8 ‘Cemin ™%, fina tem-
prerature 290 “C, and mass spectrometry: El ionization
manner, ion source temperature 200 “C, accelerating
voltage 6 kV, electron energy 70 eV, and scanning range
45—800 m/z

Results and discussion

Elemental analysis

The analysis data of the element content are pre-
sented in Table 1. The products can be represented by
general formula RE(OHCsH,COO);. The experimental
data are in a good accord with the calculated values (in
parenthesis).

Tablel Element analysis dataof rare earth salicylates (%)

Compound RE C H
Lanthanum salicylate  25.30 (25.24) 45.50 (45.84) 3.01 (2.75)
Yttrium salicylate 17.56 (17.77) 50.93 (50.42) 2.84 (3.01)
Gadolinium salicylate  26.65 (26.81) 44.81 (44.35) 2.48 (2.66)

XRD data

The cell parameters of RE(CsH,OHCOQ); were
caculated from XRD data and presented in Table 2.
Each of them belongs to monoclinic system. All lines of
the X-ray powder diffraction pattern were indexed by
using these crystal parameters. The strongest diffraction
plane (1/1;=100) is (1 0 0) crystal plane, and the rest
planes are much weak. Inferring this information, RE
atoms were located in (1 0 0) crystal plane and benzene
ring in either side, and have layered structure.
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Table2 Crystal parameters of RE(HSal);

Compound La(HSal); Y (HSAl); Gd(HSal);
a/nm 2.1601 1.4988 1.8584
b/nm 1.3802 0.8613 1.0196
c/nm 0.3810 1.0883 0.6837
bl 97.11 92.15 93.84
Vvinm® 1.1272 1.4042 1.2955
VA 2 2 2
Deacd/(gecm ) 1.6210 15792 1.5986
Dexpt/(g-cm’3) 1.6530 1.5827 1.5954

IR spectra

Figure 1 shows the IR spectra of La(HSal)s. The IR
spectra of Y(HSal); and Gd(HSal); are the same as
those of La(HSal); approximately. In Figure 1, the sharp
absorption band at 1620, 1590, 1512 and 1465 cm * can
be assigned to the C—C stretching vibration of the ben-
zene ring, and the strong band at 1238 cm ™ * to the C—O
bond. The sharp and strong absorption band at 3300—
3170 cm ! can be contributed to the OH stretching vi-
bration of the benzene ring. The bands for COO occur at
1556 cm ! [La(HSal)s], 1543 cm ! [Y(HSd)s] and
1564 cm *[Gd(HSal)3] for anti-symmetric vibration and
1420 cm™ ! [La(HSal)s], 1413 cm ! [Y(HSd)s] and
1350 cm * (Gd(HSal)s) for symmetric vibration of the
La(HSal);, Y(HSa)s; and Gd(HSal)s, respectively. The
difference between v, (OCO) and vs (OCO) vibration of
the carboxyl group reaches a value of 210—130 cm %,
revealing that the carboxyl group is coordinated to RE
atom in a symmetric bidentate or an asymmetric
bidentate bridging coordinates.®
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Figurel Infrared spectrum of La(Hsal)a.

Thermal analysis

Figure 2 shows the TG and DTA curves of La
(HSal);. The TG and DTA curves of Y(HSal); and
Gd(HSal); are the same as those of La(HSal); approxi-
mately. The TG curve has three stages, and the weight
of loss and the temperature range in each stage are given
in Table 3. These experimental data are in good agree-
ment with the calculated values (in parentheses).The
DTA curve exhibits five endothermic peaks. The first
peak can assigned be to La(HSal);—~Lax(Sal); and sub-
limating of H,Sal at 203.9 “C. The secend peak may be
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due to sublimating of polycyclic aromatic hydrocarbon
at 267.6 ‘C. Thethird peak can be assigned to Lay(Sal)s
decomposition to LaO(COs3), at 439.2 ‘C. The fina
two peaks correspond to LaO(COs),—~La0,CO; and
La,0,CO3—~L&0; at 693.2 and 767.6 °C, respectively.
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Figure2 TG and DTA curvesof La(Hsal)s.

Table 3 Loss weight and the decomposition temperature range
of RE(HSal)»)
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It can be seen that gas phase products of thermal
decomposition include mainly dibenzofuran, xanthene,
xanthenone, 6H-benzo[c]chromen-6-one, 6-phenyl-6H-
benzo[c]chromene and 1,3-diphenyl-1,3-dihydro-2-ben-
zofuran.

Table4 Analytical results of GC-M S for gas phase products

Compound Temp. range/’C  Loss weight/% Remnant
179.8—328.9  36.87 (37.65) Lay(Sal);

(La(HSal);) 328.9—439.2 24.02(24.74) La,O(CO3),
615.5—848.4  8.43(8.00) LaOs
198.4—3415 40.75(41.41) Y (Sal)s

Y(HSal); 34155703 27.66(27.21)  Y,O(COs),

626.9—794.7 8.38 (8.80) Y203
205.3—330.1 37.16 (36.43) Gdy(Sal)s

Gd(HSal); 330.1—445.8 23.74(23.93) Gd,O(CO3) »
625.0—850.7 8.16 (7.74) Gd,Os

No. Compound |€'\é|_l§|):’:lf yfglg/ Corg/toent/
weight min
1 Phenal 94 8295 264
2 Biphenyl 155 18165 0.58
3 Fluorene 166 21923 0.72
4 Dibenzofurane 168 19.098 23.47
5 Biphenyl ether 170 19.694 3.16
6 Fluorenone 180 20.639 0.26
7 Xanthene 182 22983 9.38
8 Xanthenone 196 27.117 28.06
9 6H-benzo[c]chromen-6-one 196 28556 13.14
10 Triphenylene 228 36.373 0.16
11 9-Phenyl-fluorene 242 30857 0.12
12 2-Phenoxy-biphenyl 246 28644 0.36
13 6-Phenyl-6H-benzo[c]chromene 258 31.683 7.21
14 1,3-Diphenyl-1,3-dihydro-2- 270 34596 10.74

benzofuran

GC-M S analysis of gas phase products

The condensates of gas phase products as dark red
thick matter were collected from thermal decomposition
of REx(Sal); at 400 °‘C in N, atmosphere and immersed
in acetone. The insoluble matter in acetone is a colorless
crystal. Its IR spectrum (Figure 3) is in a good accord
with the standard IR spectra of xanthenone (IR, the Sad-
tler Standard Spectra No. 18091 K). The soluble matter
was dried at 90 “C in order to get rid of acetone. The
analytical results of GC-MS of the condensates of gas
phase products from Lay(Sal); are presented in Table 4.
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Figure3 IR spectraof xanthenone.

From the results in Figure 2 and Table 4, we may
reveal the thermal decomposition mechanism as fol-
lows.
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Q' ' @ T @@ ®) During the thermal decomposition of RE,(Sal)s, the

fracture of bond occurs chiefly in accordance with Egs.

(2)—(5), which results in forming *C¢H4Oe¢, CcH4Oe,
QO' * @ - QOQ ©) ;;:I%H4C(O)-, CeH4C(O)*, *CeHse and CeHse free radi-
ﬁ These free radicals reacted further to form xanthe-
. C=o0 o} none, 6H-benzo[ c]chromen-6-one, dibenzofuran, phenol,
@ * ©/ — (:[ D (10) 6-phenyl-6H-benzo[c]chromene and 1,3-diphenyl-1,3-

0- o dihydro-2-benzofuran, and so on.
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