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| In this paper, the ligand 3,7-dimethyl-6-octenoic acid was grafted in the inorganic groups layered hydroxy copper acetate through an

| anion exchange reaction. Combination of XRD, elemental analysis and TGA, the structure of these hybrid materials have been studied
and characterized. The infrared, ultraviolet properties and magnetic spectra of these hybrid materials also discussed.
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INTRODUCTION

Layered structure compounds, in particular, the anion
exchangeable-layered structure compounds, is suitable for the
design and preparation of new hybrid materials through the
exchange of ions located in the interlayer space'”. The new
types of organic-inorganic hybrid materials obtained by such
anionic exchange reactions not only retains the original features
of the inorganic components, while introducing chirality efc.,
optical properties of organic molecules into the layered
inorganic parts, that could be useful for chiral separation,
recognition and photonic materials*®. On the other hand, contro-
lling the organization of the obtained materials nanoparticles
can introduce additional functionality””. Therefore, these new
types of organic-inorganic hybrid materials have been attracting
more and more attention in recent years due to the reason that
they can provide nice model systems for understanding the
correlation between the structural and functional features'*"'.

The studies of Rikken and Raupach et al."*"* combined
the chirality of organic ligands with the magnetic of inorganic
components promote this research field developed rapidly. An
important method they used is combination of magnetic
properties of the inorganic components with the chirality of
the organic ligands through strong chemical bonds (i.e., use
the second class of hybrid materials combination of two phases
by strong bonds such as covalent bond, efc.). Other similar
examples reported in the literature are using of the transition
metal oxalate complex with carboxylic acid or amino ligands
etc., chiral functional groups, the formation of complexes or
coordination compound is likely to be generation of optical
materials with ferromagnetic compounds'*". Due to this reason
in this article the combination of inorganic layered transition

metal hydroxy copper acetate with the organic chiral ligand
3,7-dimethyl-6-octenoic acid (C;oH;s0O.) as the main research.

In this paper, firstly the chiral ligand 3,7-dimethyl-6-
octenoic acid was grafted in the inorganic groups layered
hydroxy copper acetate through an anion exchange reaction,
respectively, then the structure of these hybrid materials have
been studied and characterized using XRD, elemental analysis
and TGA. On this basis, the author discussed the spectral prop-
erties and magnetic properties of these obtained new types of
organic-inorganic hybrid materials.

EXPERIMENTAL

Preparation of Cu,(OH);(CH3;COO)-H,0: The copper
hydroxide acetate Cu,(OH);(CH;COO)-H,O is synthesized as
described”**. A blue-green powder was obtained by titration
of 0.1 M solution of copper(Il) acetate with 0.1 M solution of
NaOH for a certain amount of molar ratio in an aqueous solution
under argon at 60 °C. After the reaction was completed, the
precipitate was washed and dried at 50 °C in air.

Preparation of Cux(OH)4.5(Ci10H170,)xzH,0: In a
typical synthesis procedure, a certain amount of 3,7-dimethyl-
6-octenoic acid (C;oH;50,) was dissolved in an aqueous
solution with vigorous stirring. The pH of the solution was
kept ca. 9 by addition of NaOH aqueous solution slowly, then
Cu,(OH);(CH;COO0)-H,O was added under argon at 60 °C and
the suspension was stirred at room temperature. After the
reaction was completed, the solution was filter and the
precipitate was washed several times with distilled water and
absolute ethanol, respectively. The obtained powders were
dried at 40 °C in air.

The anion exchange reaction as follows:
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T
CU2(OH)3(CH3C02)H20 + 5 €q L~ 9_ Cuz(OH)(4.x)
eq- CH;CO,
(L)x-zH,0 + (5-x) eq L™ + x eq- CH;COy

Characterization: The samples were characterized by
X-ray diffraction (XRD) using a Bragg-Brentano Siemens D
5000 diffractometer (CuK, 1 = 1.540 598 A). The morphologies
of the as-synthesized powders were characterized by field
emission scanning electron microscopy (FESEM JSM- 6700F).
FT-IR studies were carried out with an ATI Mattson Genesis
computer-driven instrument. UV/VIS/near-infrared studies
were performed on a Perkin-Elmer Lambda 19 instrument.
DTA/TGA experiments were performed on a Setaram TG 92
instrument (heating in air from 20-700 °C at a rate of 5 °C
min™). Elemental analyses were performed via a Thermo-
Finnigan EA 1112 setup (Service d'analyses, ICS, Strasbourg,
France). The magnetic measurement of samples enclosed in a
medical cap was performed with a superconducting quantum
interference device (SQUID) magnetometer (Quantum Design
model MPMS-XL).

Elemental analysis (%): calcd. for Cu,(OH)s12(RS-
CioH1702)055-1.83H,0 (m.w. = 362.50 g): C 29.29, H5.55, Cu
36.06; found (%): C29.28, H 5.20, Cu 35.05. Calcd. (%) for
CUQ(OH)}12(R-CU2(OH)3_19(C10H1702)0_81'1.85H20 (mW =
351.47 g): C 27.61, H 5.38, Cu 36.19; found (%): C27.62,
H 4.90, Cu 36.09. Calcd. (%) for Cu(OH);2(S-
CUQ(OH)HQ(CmHnOz)og]185H20 (mw = 35235 g) C 2774,
H 5.40, Cu 36.07; found (%): C27.74, H 5.02, Cu 35.99.

RESULTS AND DISCUSSION

Powder X-ray structural analyses and scanning electron
microscopy analyses: The XRD patterns of the as-prepared
samples are shown in Fig. 1. Among the figure, the basal
diffraction peak of anion-exchange samples Cu,(OH)u.« (RS-
C10H1702)X'ZH20 (plotted Wlth CH-RS), CUQ(OH)(4.X)(S-
C10H1702)X'ZH20 (plotted Wlth CU-S) and CU2(OH)(4.X)(R-
CioH170,)x-zH,0 (plotted with Cu-R) move to the direction of
the small angle comparison with the starting materials
Cux(OH);(CH;CO,)-H,O (diagram using Cu). The each d-values
of diffraction peak were Cu (dgo; = 0.936 nm, dooz = 0.468 nm,
doo; = 0.312 nm), Cu-RS (door = 2.202 nm, dop = 1.125 nm,
doos = 0.752 nm), Cu-S (door = 2.202 nm, dopz = 1.109 nm, doos
=0.743 nm), Cu-R (doo1 = 2.201 nm, dop> = 1.112 nm, dooz =
0.745 nm).

Fig. 1 shows that all the copper samples obtained by anion
exchange reaction exhibit a lamellar structure as evidenced
from their X-ray diffraction (XRD) patterns that show, in the
low 20 range, a series of well-oriented harmonic basal reflec-
tions that can be assigned to (001) (1= 1, 2, 3). This corresponds
to the stacking periodicity of the hydroxide-base layers (basal
spacing). The average dimension of the interplanar crystal
spacing and the grain size D001 of the 001 direction can be
calculated according to the Scherrer formula as shown in Table-
1, the results show that the average number of stacked layers
along the (001) direction of the grain is ca. 11.

In addition, it also can be seen from the XRD patterns of
all the copper compounds that the reflections at range 30-45°
are both broad and show a similar asymmetry, which can be
assigned to hkO (in-plane) reflections. This phenomenon means
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Fig. 1. XRD Spectra of copper hydroxide acetate: Cu,(OH);(CH;COO)-H,O
and the samples grafting of chiral 3,7-dimethyl-6-octenoic acid:
Cuz(OH) 4-(Ci0H1702)-zH,O

TABLE-1
AVERAGE DIMENSION OF THE INTERPLANAR CRYSTAL
SPACING, GRAIN SIZE AND THE AVERAGE NUMBER OF
STACKED LAYERS ALONG THE (001) DIRECTION OF THE
COPPER HYDROXIDE ACETATE: Cu,(OH),(CH,CO0)-H,0 and
THE SAMPLES GRAFTING OF CHIRAL 3,7-DIMETHYL-6-
OCTENOIC ACID: Cu,(OH),o.,,(C,oH,,0,),zH,0

Sarmples doo1 Grain size Average number of stqckefi
(nm) (nm) layers along the (001) direction
Cu-RS 2.202 24.922 11
Cu-S 2.202 22.373 10
Cu-R 2.201 24.083 11

that the structure within the layers does not vary too much.
Actually, such variation is essentially because of the necessary
adaptation of the molecular area of each metal ion to the
molecular area of the grafted anions™?*. This feature has been
observed for a-nickel hydroxide and a-cobalt hydroxide and
so on relatively layered hydroxides due to the turbostratic
behaviour, i.e., the layers stacking ordered in two dimensions,
but their layers are orientationally disordered”*. From the
SEM images of samples aggregation shape shown in Fig. 2,
can also observe this phenomenon, which shows that the as-
prepared all these hybrid materials appear as fold thin platelet
shaped but irregular arrangement microcrystals in agreement
with their lamellar and orientationally disordered character of
their structure.

UV-visible reflectance structural studies and infrared
spectroscopic properties: The organic-inorganic layered
hybrid materials has both electron donor (ligand) and the
electron acceptor (metal ions), for such compounds, electronic
absorption spectra can generally be divided into two parts of
the central ion bands (d-d, f-f) at the low energy side (long
wavelength) and the charge transfer bands mainly at the high-
energy side (short wavelength).

Present copper hydroxide-based hybrid compounds are
consistent with such metallic environments® and show the two
characteristic bands (Fig. 3). The most intense absorption is
observed in the range of 260-270 nm and corresponds un-
doubtedly to charge transfer (O — Cu).The second absorption
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Fig. 2. SEM images of the as-prepared samples (a) Cu(OH)u.(RS-
CioH1702),-zH,O (b) Cux(OH) 4.5 (S-CioH702)-zH,O  (c)
Cuy(OH)(R-CyoH1702)x-zH,O

band appears between 690 and 740 nm mainly is attributed to
°E, — T, among the & transition bands (d-d) of the central
ion Cu(Il).

The structure of the exchanged layered hybrid compounds
was also investigated by Fourier transform infrared (FT-IR)
spectroscopy (Fig. 4). The large and broad absorption band in
the range of 3700-3000 cm™ is the signature of the stretches
of hydroxyl groups of water molecules and hydrogen-bonded
hydroxyl groups. Further, additional bands occur in the range
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Fig. 3. UV-VIS reflectance spectra of compounds the copper hydroxide
acetate: Cux(OH);(CH;COO)-H,O and the samples grafting of chiral
3,7-dimethyl-6-octenoic acid: Cux(OH)ux(CioH1702)x-zZH,O
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Fig. 4. IR spectra of the copper hydroxide acetate:

Cu(OH);3(CH3COO)-H,O and the samples grafting of chiral 3,7-
dimethyl-6-octenoic acid: Cuy(OH)u-x(CioH1702)x-zH,O

of 3000-2800 cm™ may be due to the symmetric and asym-
metric stretching vibration of the saturation CH; and CH,.
Finally, a quite strong feature appears in the range 1575-1525
cm’ can be assigned to the antisymmetric stretching v,,COO
and in the range 1420-1370 cm™ attributed to v{COO of of
CO:»- in carboxylate doublet group, respectively (Table-2). For
the starting compound Cu,(OH);(CH;COO)-H,0, the two
bands and the difference between its as Av = v -V, = 1551-
1412 cm™ =139 cm™. In the case of the exchanged compounds,
after deprotonation and coordination to a metal ion, this doublet
is still present and slightly shifted about to 1539 and 1408 cm.
While the difference between the two bands also slightly shifted
from 131 to 135 cm™', suggests a bridging carboxylate™ (i.e., one
of the two oxygen atoms of the carboxylate groups linked with
a copper(I) ion, the other in a strong hydrogen bond with a
neighboring hydroxy ion due to charge balance between the
organic and inorganic sub-networks).
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TABLE-2
ANTISYMMETRIC STRETCHING (v,.CO0), SYMMETRIC
STRETCHING (v,COO) VIBRATIONS AND THE
FREQUENCY DIFFERENCE (Av) OF CO* IN METAL
HYDROXIDE ACETATE, THE CARBOXYL
FUNCTIONAL GROUPS IN THE THE SAMPLES

v,,COO v,COO V=V, —

Samples (cm™) (cm™) v, (cm™)
Cu(Cu,(OH);(CH;CO,)-H,0) 1551 1412 139
Cu-RS 1541 1406 135
Cu-S 1539 1408 131
Cu-R 1539 1408 131

Thermogravimetric and differential thermal analysis:
Figs. 5 and 6 show the thermogravimetric and differential
thermal (TG and DTA) curves of all the copper hydroxide-
based compounds in a temperature range from 25-700 °C con-
ducted in air with the final decomposition product being CuO.

The results of TG/DTA for racemic hybrid compound
Cu(OH) 4 (RS-CioH170,),-zH,0 are presented in Fig. 5 and
exhibit three step decomposition. The first step gives a broad
endothermic curve in the DTA from 25-155 °C, which including
two endothermic peaks located at 77 and 132 °C correspond
to dehydration of water molecules from the interlayers and
CUZ(OH)(4,X)(C10H1702)X dissociated into CU2OX(OH)(4.ZX) and
(C1oHi50,)y, respectively. The corresponding mass loss in
thermogravimetric curve (TG) is characterized by a certain
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Fig. 5. TG/DTA data of Cuy(OH)u-x(RS-CioH170:)-zH,O
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Fig. 6. TG/DTA data of Cux(OH)u.(S(a)/R(b)-Ci0H170,)x-zH,O

slope of the weight loss process of 9.48 %, which is consistent
with the theoretical water content mass loss of 9.09 % of the
stoichiometric formula Cu,(OH);.12(Ci0H702)0s5-1.83H,0. It
can be best represented by the two following reactions:

CHQ(OH)(4.X)(C10H]702)X'ZH20 rd CU2(OH)(4.X)(C10H1702)X
+ zH,O (1)
(Endothermic, up to ca. 77 °C).
Cu(OH)4-5(C1oH1702)x = Cu,Ox(OH)4-2x)
+ (CioHi502)x 2

(Endothermic, up to ca. 132 °C).

The next step gives a sharp exothermic curve in the DTA
from 155-189 °C, accompanied by a rapid weight loss of 13.84
% (calcd. 14.63 %) in the thermogravimetric curve (TG). The
thermal decomposition product is CuO identified by powder
XRD. The following reaction is expected.

CU2OX(OH)(4.2X) — 2CuO + (2-x)H20 (3)

(Exothermic, up to ca. 185 °C).

In the final step, a distinct exothermic peak can be observed
on the differential thermal analysis (DTA) curve about 313 °C
associated with a gradual mass loss process of 31.73 % (calcd.
41.01 %) according to the TG curve in a temperature range of
189-393 °C. It should be assigned to the decomposition of
intercalated (C;oH;30,), ligands®'. The strong exothermic
phenomenon is attributed to the combustion of the ligands
(CioH130,)4 to formation of CO, and H,O. The corresponding
reaction should be:

(C]oH]gOz)x + 27x0, — 10xCO, + 9xH,O (4)

(Exothermic, up to ca. 313 °C).

Based on above the TG/DTA data analysis of the
Cu(OH)u-0(RS-CioH170,)x-zH,0, it is suggested that for TG/
DTA curves Of CUQ(OH)(4.X)(S-C10H]702)X'ZH20 and CU2(OH)(4.
o(R-C10H70)x:zH,0, they have a similar weight loss and
endothermic/exothermic curve (Fig. 6). But in the last step,
due to accompanied by a strongly combustion of ligands exo-
thermic, making the exothermic peak changes, located at 239
and 253 °C for, respectively.

Magnetic properties: Temperature variation of the
magnetic susceptibility, ¥ was measured using a SQUID
magnetometer between 300 and 1.8 K under a magnetic field



Vol. 25, No. 5 (2013)

Synthesis and Characteristic of Organic-Inorganic Hybrid Materials Cu,(OH)4(CioH170,),-zZH,O 2661

of H=5000 Oe. The T =f(T) curves for the Cu-based hybrid
compounds are presented in Fig. 7.
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Fig. 7. Magnetic behaviour as T vs. T plots of compounds
Cuy(OH)4«(C10H70,),-zH,O

It can be seen from the figure that the curves for the
Cu-based hybrid compounds are similar exhibiting a two-
dimensional antiferromagnetic behaviour over the whole
temperature range, as illustrated by the continuous decay of
the xT product from 0.64 emu K mol™” at 300 K to 0.09 emu K
mol™ at 1.8 K. There is no evidence of bulk ordering in the
investigated temperature range. This behaviour is consistent
with the low-temperature magnetization versus field measure-
ments (Fig. 8). It can be seen that the magnetization curves
are characteristic of an antiferromagnetism, whether they are
in low fields or high fields, generally exhibiting an approxi-
mated linear and very small slow increase without hysteresis.
The magnetization value at 5 T is very low, only 0.15 pz and
far from the saturation value.

0.161 = Cu-RS-M(uB) »
0.12{—®— Cu-S-M(uB) "‘;‘ﬁ
. 0.04-
=3
= 0.00.
0.04
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§543 2701235456
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Fig. 8. Field dependent magnetization of compounds
Cuz(OH)H(C|0H|702)x‘ZH20

The above studies of the magnetic behaviour of these
hybrid materials show a slightly change compared with that
of the starting material Cu,(OH);(CH3CO,)-H,O,which is an
antiferromagnetic, with weakly ferromagnetic Cu(Il) planes
and antiferromagnetic interplane coupling, promoting a

metamagnetic system reported by Suzuki et al.** performed

in the same ambient pressure conditions. The different magnetic
features are related to a structural modification of the inorganic
magnetic layers. Indeed, the hydroxide-based layer are known
to be very sensitive to any structural modification, which can
induce significant changes in the distances and angle along the
Cu-O-Cu bridges and consequently in the exchange pathways,
giving a change of sign (antiferromagnetic or ferromagnetic)
of the interaction™. In this paper, for Cu(OH),.(CioH70,),-zH,O
series, the increases linearly with the aliphatic chain length
and different large separation between magnetic layers just
are responsible for the above observed magnetic behaviours com-
pared with that of the starting material Cu,(OH);(CH;CO,)-H-O.

Conclusion

We have successfully prepared the copper-based organic-
inorganic hybrid compounds by exchange reaction, using the
Cu,(OH);(CH3CO,)-H,O as starting material. It is shown that
the exchangeable anion CH3;CO,™ may be substituted by large
organic species (3,7-dimethyl-6-octenoic acid anion) at room
temperature, through a mechanism of swelling of the inorganic
network. Then the structure and magnetic properties of obtained
hybrid compounds have been characterized. XRD and SEM
studies reveal that the hybrid compounds displays a layered
topology, the crystal grain size ca. 24 nm, the average number
of stacked layers along the (001) direction of the grain is ca.
11. From a magnetic point of view, it has been shown that this
family of layered hybrid compounds exhibiting an antiferro-
magnetic behaviour differ from that of the copper hydroxyl
acetate at same conditions due to the grafted ligands were
increases linearly with the aliphatic chain length and bring
about different large separation between magnetic layers.
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