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Abstract: A new Ce(lll)-malonate, growth by hetero-nucleardue to their mostly electrostatic binding interactions; such char-

synthesis, is investigated structurally at 100K. this oxo-
bridged material, the bi-anion does not allow tharfation of
any synthons, but various bridges form connectidisplaying
typical sub-features. Cross-linked edge-sharedGe®d CeQ®

acteristics  broaden their field of applicatiods P]. When
these ions are associated with ligands displayéngrdination
versatility , such as the ligands stemming fronplaiic a,w-

dicarboxylic acids HOOC-(Cp,-COOH [H.L], they are used

(H,0)s polyhedrons built up 3D packing accommodating twdh biological system for their related structuraler in binding

water molecules embedded in extensive H-bondsle&&25°
C, it undergoes concomitant dehydration and decathtion

sequences. By comparison, Ca(ll)-hydrogenmalonadeagidic
Ba-malonate are also oxo-bridged polymers, butinbtbadiffer-

ently and are much more stable. The former shows-$haring
binuclear units, and synthons. The protonated tiggresent in
the two alkaline-earth materials give peculiar deposition
process.

Supporting information: TGA/ DTA/ DTTA curves of Ca-
based compound, TGA/ DTA/ DTTA curves of Ba-basenh-
pound, Coordination polyhedrons and fragment of f&ne-
work in Ce-malonate, Cross-linked layers in Ce-mate, The
C(6) synthons in Ca-based compound, The bi-polydredtack-
ing in Ca-based compound, Crystal data, collegi@tedures
and refinement for Ce-malonate, Selected geompttiameters
in Ce coordination spheres, Hydrogen-bond geomietrge-
malonate, XRPD(X-ray powder diffraction) patternts smme
intermediate and final TG products.

Keywords. Rare-earths; X-Ray crystal structure; Alkaline-
earths; Thermal behaviour, H-bonds,; Coordination polymers.

1. INTRODUCTION

Rare-earth and alkaline-earth ions share numerausmon
properties: large ionic radii assuming high cooation num-
bers, great affinity for O-donor ligands, and lowedtionality
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sites, and in solid state chemistry, as precutisotise synthesis
of superconductor oxides and advanced materiag.[1-

In the homo-nuclear approach, our aim is to testsubstitution
of alkaline-earth ions (M) by rare-earth ions (lar)d examine
the isomorphic possibilities, the identical subtfeas and the
supra-molecular arrays offered to biochemistrynasv incorpo-

rated strands [4,7]. From solid-state point of vi¢gwe building-

block methodology given by lanthanide and/or ali&learth

metals as connectors (Ln =¥aCe*; M = Ba*, C&") is inter-

esting in hetero-bimetallic complexes that formugilear basic
units. This entity, if subjected to thermal decasition, can be
a soft chemical way for replacing the ceramic mdthsed gen-
erally in perovskite-like materials. Unfortunatelye could not
achieve hetero-bimetallic complexes such as thdsehwcon-

tain transition metals [8, 9]; however, we have obtained mainly
homo-metallic compounds. Herein, we present cdiveldher-

mal behaviours and specific crystalline featuresneiv rare-

earth malonate {[C£C;H,0,)3(H,0)]2H,0}°, (1), obtained by
using hetero-nuclear approach, and we compare seswts

with two alkaline-earth compounds obtained usingséhtwo

approaches, focusing principally on {{CatG0.)J]} >, (2).

2. EXPERIMENTAL

All chemicals were high purity from Merck Co. Bgpplying
hetero-nuclear synthesis conditions, we have sgiztbd a new
Ce(Ill) complex which contains the bi-anion?]L. Under con-
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Figure 1: The oxo-bridged Ce...Ce chain showing the ligarmsrdination modes. Symmetry codes: (iJ+xy z; (ii) : 1-x -0.5+y

2-z; (i) : I+xyz; (iv) : -X -0.5+y 2-z

tinuous stirring, 3 mmol of malonic acid, 1 mmol G&rium

count time of 2s per step. The crystal structurélpfvas solved

chloride Ced.7H,0, and 1 mmol of Calcium hydroxide, were by direct methods and subsequent Fourier analyss, refined

successively dissolved in 100 mmol deionised watdways
under stirring, a solution of malonic acid (0.6 mmol; 0.0662g in

by full-matrix least squares using 5053 reflectighs 2s (1)),
with anisotropic thermal parameters for all non+toggn atoms.

0.05mL of HO) was finally added to give a mixture with pH All H atoms were located in a difference-Fouriermpnaad meth-

below 4. After three hours, the preparation wasrid and the
mother liquor was stored at room temperature. @rystf homo
-metallic Ce-based compound appear in this regulioiution
after one month. Yield: 0.1621g, 48% (based on @l
Calc.: C, 15.98; H, 2.39. Found: C, 15.54; H, 2.24. In proceed-
ing with the same mixture ratios but using thedexiaO; and
the hydroxide Ba(OR)8H,O for providing metals, then adjust-
ing the pH above 5, we obtained crystals identjfieglits pre-
liminary single crystal XRD data, as the structiyr&nown ho-
mo-metallic Ba-based compound containing both* Jand
[HoL] ligands Ba(L)(HL),[10]. Yield: 0.1431g, 32% (based on
Ba). Anal. Calc.: C, 24.15; H, 2.25. Found: C, 23.78; H, 2.18.
X-Ray single crystal data collection was perfornoeda Kappa-
CCD diffractometer at 100(2) K. Empirical absorptioorrec-
tions were applied by using MULABS in PLATON progrs.
[11]. Thermal gravimetric (TGA) and differentialethmal anal-
yses (DTA and DTTA) were conducted simultaneousiypow-
dered samples using SETARAM 98-equipment; the heating
rate was 4°C.mih in air from ambient to 400°C for Ca-
hydrogenmalonate (Figure S1) and to 800°C for iacikh-
malonate (Figure S2) and Ce-malonate. For studyiBgorod-
ucts, XRPD (X-ray powder diffraction) patterns wertained
on an expert pro analytical MPd equipped with Guiddiation
in the range 5% 6 < 70° with a step size of 0.02°fRand a
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ylene H-atoms were treated as riding, with C-H 890A and
Uiso(H) = 1.2U(C). Unlike one isotypic Pr(lll) compound [12],
H-atoms of the five water molecules were foundntheefined
with restraints. The programs SHELXS and SHELXL][%&h
WinGX environment [14] were used for computatioReak
and hole are respectively 0.82A from Cel, 0.87ArmfrGe2.
Crystal data, collection procedures and refinemestilts are
summarized in Table S1. We have already reportesktiof )
[15]. {[Ca(CsH30.)]} 3. has been obtained by homo-nuclear
approach. Yield: 0.1284g, 52% (based on Ca). AGalc.: C,
29.19; H, 2.45. Found: C, 29.95; H, 2.63.

3. RESULTS AND DISCUSSION

In the hetero-nuclear approach, with the simpligstnids (n=0,
1) stemming from a,w aliphatic dicarboxylic acidenventional
synthetic route under room temperature and hydrotaemeth-
od are currently used. They allowed single crystgfowth of
hetero-bimetallic compounds, essentially when theting ma-
terials are salts, and in the case of transitiotalmenixed with
alkaline or alkaline-earth metals [6, 8, 9]. Whba connectors
are oxides or hydroxides, and with f, d or s blgckietals, one
obtains supra-molecular homo-metallic materialfoashe Ba-
based material, an@)(It seems that the number of aqua ligands
[4] affects the assembly process contrary to theprature of
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synthesis.

in the acid’s deprotonation and single crystal'svgh [4, 10].
Despite their different charges and ligands, Celiised, Ca(ll)
-based, and Ba(ll)-based [10] compounds are budltfrom
units containing oxo-bridges. If1), each crystallographically
different metal is connected to two neighbouringgrthrough

Aliouane, K. et al./ Vol. 2, N°3 (2014), 33-37

Moreover, the pH value plays probakdyrtfajor role L1 and L2 involve their two end functional groupsdifferent

conformations: one isyn-anti (the angles deviate significantly
from 60° and 180° ideal values) and the otheans-anti, the
corresponding torsion angles being very close @@ {8able 1).
The two end functional groups of L3 are syn-syn confor-
mation, with corresponding torsion angles neaidkeal value.

four my-oxo bridges, to form repeat four-membered Ce/G0Ce/ pespite its unique ligand, Ca-based compo(®)d shows also

rings and infinite metal-metal chain running in-zigg manner

(Figure 1).

As indicated in Table S2, Ce-O bonds reveal somspedsion,

and confir
geometry
(O2W and

square prism (Figure S3). The mono-capped squargriam
formed around Ce2, is also distorted, the two sejpianes are
formed respectively by 01p011', 02, 06 and O3 04, O1,

012", The

the infinite puckered diamond-shaped rings, thdéadises be-
tween successive &dons are almost equal: 4.4790(49)A

(connectio

across O3 and O4). Table 1 presents selected lemigths and
angles of the three independent ligands. Theyigfilay malo-
nate mode. Those having six ligating atoms (L1 B&y play

the similar

(i) bridging metal atoms through their double-O;k* 0,0
bridges.

(ihbringing out infinite chains where it appedah® M-O-M-O
typical connectivity encountered in MOFs (Figure They

involve
polyme

cent chains are linked together through-carboxylato-
k:k'O bridges of the third ligand (L3), leading to a BBck-
ing (Figure S4).
The three ligands present multiple bridging moeéesling to the
“Poly[[triaquabis{s-malonatok®0*,0%0":0" ,0*:0%) (-
malonatok*0%:0",0%:0%) dicerium (II1)] dihydrate]” (Table 1).

multiple bridges f&-0'; k*0,00x0 and,-k'‘O:k*O carboxylato)

associated to malonate mode, leading to “Polybis

hydrogenmalonaté?0*,0*0",0%) Calcium(Il)]” where infinite

m the different geometries around eacltain@he  c(6) synthons, are irsyn-syn conformation (Figure S5). These
around Cel is intermediate between a gpe&m®  head- to-tail hydrogen bonds give rise to anottegedlike as-
O3W), dodecahedron and a bi-capped48F O3,  sembly involving four such strong interactions poed by

eight ligands. Therefore, these intermolecular ivigsl explain
the crystalline stability, despite the wide emphagnels sur-
rounded by the helical stacking of the bi-polyhediand the

atom O5 appears as an axial cap (FigureV8®)in  carbon backbone of the ligands (Figure S5 and Ei@). On

the contrary, Ce-based compound contains, betwseayiers,
two guest water molecules stabilized by hydrogemdisaovhich

n across 02 and O1) and 4.2435(59)A (@ction  participate in the overall 3D MOF (Figure S3). Téstensive H

-bonds network (Table S3) shows bifurcated and umedio
strong bonds betweenql.and aqua ligands and between water
molecules themselves. In other lanthanide malsnki®wn,

role in: one Pr(lll) malonate[12] is isotypic witl{1), and two La (IIl)-

based compounds have the same empirical formula La
(CsH204)3.5H,0 [16, 17], but one is tetraaqua complex [16],
while the second has an almost identical chemmahdla [17]

to (1). Examination of its structure shows that the twerall

their four O-donor atoms to form two-dimamgal frameworks are closely related. However, the twadependent
ric carboxylate layers (Figure S4). Moreovadja- L@ (Ill) display the same ten-coordination implyiegch aqua

ligands. Moreover, the third ligand, is three tinmesno-dentate
and without malonate mode.

This new Ce(lll) compound begins losing weightedity upon
starting the thermal experiments (Figure 2).Two ssmuotive
processes, up to 240°C, lead respectively to 14.86805.04%
weight losses which are consistent with the rele#sd H,O

Tablel: Selected geometric parameters (A; °) in the three independent ligands.

Ligand L1 Ligand L2 Ligand L3

03-C7 1.262(9) 01-C1 1.258(10) 011-C10 1.247(10)
06-C7 1.246(9) O7-C1 1.258(9) 012-C10 1.264(11)
C7-C11 1.522(11) C1-C3 1.512(11) C10-C9 1.517(11)
C11-C6 1.523(10) C3-C2 1.501(11) C9-C8 1.523(12)
02-C6 1.262(9) 04-C2 1.261(10) 09-C8 1.253(10)
05-C6 1.256(9) 08-C2 1.266(10) 010-C8 1.247(11)

03-C7-C11-C6  -36.106(11) 01-C1-C3-C2 11.0(14)
06-C7-C11-C6  145.671(8) 0O7-C1-C3-C2 -170.6(9)
02-C6-C11-C7 -140.6(9) 04-C2-C3-C1 41.3(14)
05-C6-C11-C7 40.2(13) 08-C2-C3-C1 -140.7(9)

010-C9-C8  64.1(9)

012-C9-C8  116.4(8)
09-C8-C9-C10  182.0(
010-C8-C9-C168.3(11)

Symmetry codes: (i): 14+x y z; (ii): -1+Xy z
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and 1 CQ per formula unit (calc: 19.95% ; exp: 19.40%).

These events are reflected on DTA curve by two tredmic
peaks centred at 115.2°C and 241.3°C. In Pr-madoiia¢ two
first stages correspond to the release of wateecntgs only
[12].

DTA /(uv/ma)
DDTA /(uv/mg/min)
X

Figure2. TGA, DTA, DTTA curves of Ce-malonate

In (1), the departure of all water molecules whatevey the,
coordinate or uncoordinate, and the starting, énsidame time, of
the decarboxylation of one ligand are supportedunystructur-
al results. Thus, as shown in Table S2;-Oe(aqua ligands)
bonds are stronger than &@ (carboxylate ligands) bonds.
Elsewhere, in Table S3, it appears that the strstngiebond
implies one oxygen of L2 (O8), which is at the cerdf two H-
bonds provided by one agua ligand (O2W) and onasbimol-
ecule (O5W). The intermediate product is not stabke three
further successive losses of 25.82%, 4.07%, an8%,.7are
accompanied respectively by two exothermic peals8.@2C
and 302.5°C) and two endothermic peaks (562.6°Ce18°
C). During these steps, the formation of one compieduct
[18], doesn’t match with the experimental data. Wehs the

S2). This event occurs fdR) in two successive steps, up to
228°C, corresponding to the release of 5CO andQ per for-
mula unit (exp 64.68%; calc 64.16%), and it is associated to
three endothermic peaks (134.2; 159.7; 203.9)° C. Whereas in
Ba(ll)-based compound, a strong endothermic peaftsstvith
the beginning of weight loss. Centred at 197.7°Myimg) the
first TG stage (148-266)°C, it can be ascribedh® departure
of 5CO and 4 KD per formula unit (% expm: 47.54; % calc
Am 47.68). The intermediate product is subjected édliately
to two consecutive steps, leading probably to Bath pyroly-
sis C residue, after the release of 1,@@r formula unit (%
exp: 9.66; % calc: 9.89). This is confirmed by XRPD of final
black mixed amorphous residue (Figure S9). Conogrii®), it

is most reasonable to excluded Ca@® intermediate product
for it, the experimental mass of 35.32% is muchdothan the
corresponding theoretical mass for CaG@0.61%). None of
the products appearing in the decomposition ofsiteom and
alkaline-earth malonates, matches with the expetiatevalue
found [20]. Its composition corresponds to a pradaba(OH)
beside carbon pyrolysis residue. This product IdHegO (%
exp: 7.74; % calc: 7.31), during the two last stages to give a
final black mixed amorphous residue containing Q&® exp
for the remained residue: 27.48; % calc with C pyrolysis resi-
due: 27.27) (Figure S10). Likewise, the numerengothermic
peaks, occurring in all weight losses steps, as agetluring the
plateau, may be interpreted as reflecting possildenic rear-
rangements [20] during the two first steps. Itvidenced here
that the thermal behaviour ¢2) is much more comparable to
the anhydrous Ba(L)(L)..

Acknowledgments

The authors would like to express their thanks t&IRS-
Algeria and MDU-France, for financial support (pcj CMEP-
Programme Tassili) and are grateful to Pr. T. Alsadhd D.

oxycarbonate G&,CO; is probably formed after the three first Aouanouh of Boumerdes University, Algeria, for T&®YA
stages (% expm of 54.78 approximates the % calc value of . aasurements.

55.03). The XRPD of the white compound obtained&d°C
shows that this intermediate product doesn’'t congaiy calci-
nations product and has good crystal quality (Fédgsif). Above
474°C, and during the two last sequences, the deasition of
Ce0,COsto give Cg0;, after the release of 1 G@er formula

Supplementary Material

X-Ray crystallographic files for the Ce-malonatedafa-
hydrogenmalonate on CIF format are available freeharge
via Internet at http://pubs.acs.org. CCDC n°7394&8 com-
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In (2), the decarboxylation starts at a lower temperaflg2°
C), (Figure S1) if compared to Ba-based compourad the
have obtained in using hetero-nuclear approach°@Qyg-igure
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