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ABSTRACT  An organic-inorganic hybrid of cobalt vanadiun oxide
bas besn made by hydrcthermal synthesis from a 1:1:2:1:593 moler
mixture of V20s, CoCl-6H,0, 1,3-diaminopropanc (DAP), ECI, and
water, reacted at 180 °C for 4 days. Infrared analysis shows the presence of
the 1,3-diaminopropane template, and energy dispersive x-ray fluorescence
shows the presence of vapadium and cobalt. Single crystal x-ray
structural characterization shows the black crysials to be monoclinic,
P21/n (No. 14), with unit cell parameters at 298 X of a = 7.975(3), b =
9.986(2), ¢ = 15.629(3) A, B = 100.66(3), and ¥ = 1223.4(5) A’ The
crystal structure consists of twa dimensional metal oxide layers with
1,3-DAP molecules separating adjacent layers. Characterization by thermal
analysis (TG) is also described.

1. INTRODUCTION

In the past decade design and symhesis of organic—
inorganic hybrid materials has roceived considerable
attention, not only to the variety of structural types and
bonding geometrics but also due to potential application
in fields such as catalysis [ 1], electronic conductivity [2],
magnetism {31, medicine [4] and others. One of the most
powerfel methods for the preparation of these hybrid
materials and other important solids including micro-
porous crystals [5], complex oxide ceramics {6}, mag-
netic materials |71, chemical sensors, and electronically
conducting solids }8) is the hydrothermal synthesis
technique. There are many variables in the hydrothermal
process, such as the type of starting materials, pH,
solvent, reaction time, and temperature [%] that can
affect the reaction system and/or the formation of
products, The hydrothermal method is particularly
suitable for fabrication of organic-inorganic hybrid metal
oxide materials since the twaditional metheds of

synthesizing the metal oxide frameworks rely on high ‘

temperatures which would destroy the organic template
molecules.

Porous vanadium oxides are being studied for their
potential use as sccondary cathode materials for
advanced lithium batteries [10] and their importance in
industrial oxidative catalysis [11]. Organic amines have
becn nsed extensively as templates for preparation of
many of these hybrid materials under hydrothermal
conditions. The organic amine may adopt a variery of
toles depending on its structure, charge, and the presence
of a secondary transition or post-transition metal cation
in addition to the vanadium component [12]. The role of
the arganic amine js generally a charge-compensating,
space-filling, and strucre-directing cation. It also may
act as a ligand bound to a sccondary metal site to form a
metal-ligand comples. which may also be directly
coordinated to the vanadium oxide through bridging
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oxo- groups to form a bimetallic phase. Recert exampies
of such bimetallic complexes inctude {[Mmn(2)2'-
bipy):]:V:Q12} [13] with a [V.0)»] ring linked through
oxo groups of adjacent vanadivm sites to two
{Mn(2,2 -bipy),] moieties, [Cu(phen)ViO ). [14], con-
sisting of inorganic vamadium oxide layers decorated
with Cu(phen) coordination fragments, each linked to an
inorganic layer through three oxygen atoms, [(NH;
(CH2):NH)Zn]> [V.0,3]" [15], consisting of ZnO;N
and VO, tetrahedral units corner conpected into a unigue
layered architecture, with the amine molecule directly
bonded to the Zn center pointing in a direction
perpendicular to the plane of layer, and others, Herein
we report the synthesis by a hydrothermal process of a
new organic-inorganic hybrid of cobalt vanadium oxide
and 1,3-diaminopropans.

2, EXPERIMENTAL

2.1 Materials and physical measurements

The reagents used were vanadium peatoxide (99%,
Carlo Erba), cobalt dichloride hexahydrate (99%, Caric
Erba), 1,3-diaminopropane (99%,Fluka),and kydrochlotic
acid (Merck), All chemicals were commerciaily
purchased and used without further purification. The
synthesis was carried out in a 125 ml Teflon-lined
stainless autoglave (Parr bomb). The morphology of the
erystalline product was observed by a scanming electron
microscope (Jeol model JSM-6400 SEM) equipped with
an energy dispersive x-ray fluarescence microanalyzer
(WDX-100 EDX attachment). The IR spectrum was
recorded in the range 400-4000 cm”' on a Perkin-Elmer
model Spectrum GX FTIR spectrometer using & KBr
pellet, TG analysis was carried out on a Perkin-Elmer
TGA7 Thermal Analyzer in flowing I, with a heating
rate of 10 °C min .



2.2 Hydrotiermal synthesis

The synthesis of the hybrid cobalt vanadium cxide
compound was carrie¢ out under hydrothermal synthesis
conditions. A mithire of V.0; (0.5002 g), CoCly6H:0
(0.6541 g), 1,3-DAP (0.4097 g), HCI {0.1005 g), and
H,0 (29.4 g) in a wolar ratio of 1:1:2:1:593 was stirred
for 30 min in air. The solution/mixture was transferred
and gealed in a 125 mi Teflon-lined swminless stecl
autoclave (Parr bomb), and heated to 180 °C under
autogenous pressure for 4 days before cooling to room
temperature, The acidity of the medium was at constant
pH of ~7-8 before and after the reaction. Black crystals
were filtered off, washed with water, and air-dried at
room temperature. The compound is insoiuble in water
and common organic solvents.

2.3 X-ray crystallography

A single crystal of the compound with size, 0.28 x
0.30 x 0.32 mm was selecied and glued to the end of a
hollow glass fiber with cyanoacrylate adhesive. Re-
flection intensities were collected on a Bruksr-Nonius
KappaCCD four-circle area-detector diffractometer {15]
equipped with a praphite monochormator, a 0.5 mm ifg
capilliary collimator, and a fine focus x-ray tube (Mo Ku
radiation, » = 0.71073 A) opcrating at 40 KV and 20 mA,
The frame images were reduced to intensity data using
the EvalCCD package and corrected for Lorentz,
polarization, and absorption effects [17}. Crystal data
and deteils of the daa collection and structure
refinement are summarized in Table 1.

3. RESULTS AND DISCUSSION

3.1 Structure description

The crystal structure consisis of two dimensional
metal oxide layers with 1,3-DAP molecules separating
adjacent layers., As shown in Fig. 1, the layer are
constructed from egual number of VO, tetrahedral and
VO square pyramidals, The VO, tetrahedra are isolated
from cach other, the VOs square pyramids exist in pairs
sharing on edge. Each polyhedron bas terminal oxygen;
the cthers are shared between two or three polyhedra. In
each pair of edge-sharing pyramids the two terminal
oxygen atoms are oriented to ward opposite sides of the
plane of the layers. Two square pyramids share an edge
in such a way that in one pyramid the terminal oxygen
and below it in the second ope. These two different
positions are labeled “up™ and “down”, for the pyramids
and the tetrahedral. The last vertex of each tetrahedron is
commeon with the two-dimensional inorganic network
with the compositions. In rows of tetrahedra the
arrangement of tetrahedra is up/down/up/down... In
rows of the pyramida! wmnits the arrangementof the
pyramidsisalternatively up/down/up/down. ..

3.2 SEM-EDX
The morphology of the erystal is show in Fig. 2, The

Table 1.

Crystal data and structure refirement of compeund.

Crysial eolor Blagk

Crystal size (mm) 0.28 x 0.30= (.32

Crystal system Monocline

Spacs group F2/n(No. i)

Unit cell parameters

a{A) 7975

b{A&) 9.936(2)

c{A) 15.629(3)

V(&%) 1223.4(5)

z 4

Radiation type Mo Xu

Wavelength (A) 0.71073

Temperatuze (K} 203

Diffractometer Monius Xappa CCD
Rangeof 2, k, 1 10<h=z0,122k<0,1951 420
Refinement Full-matrix least-squares on F-
R, 0.0957

Wi, 0.1598

{Re=Z|F, - 1B SIE L wRo= X [w(F,)7 - FOYVS [w(F,Y] 7 W
V[ (EY + (@PY + bP), P= [max(¥,',0) + 2(F '}/3.

Fig. 1. Polyhedial represcntadon of cae bve-dimensicncl
metal oxide layer viewed parallel to the ¢ axis.

EDX spectrum indicates the presence of V and Co in &
compouind.
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Fig. 4. TG carve of compound.

33FTIR

The IR specirum of cempound is shown in Fig. 3. The
strong bands at 971 em™ is assigned to terminal V=0
stretching and bands at 830, 631 and 560 cm’' are
consistent with symmetrical and asymmetrical P-0--M
stretching. Bands ar 1599, 1488 and 1187 cw’' are
charactedstic of 1,3-DAP, and bands in the 3009 and
3450 em ' region can be attributed to N-H sirctching,
and/or possibly water Oif streiches, respectively.,

3.4 Thermal Analysis

The TG curve is shown in Fig. 4 and socws a 3%
weight loss from 270 to 570 °C, correspendizg to the
releass of 1,3-DAP

4. CONCLUBIONS

Hydrothermal synthesis provides a convenient tool
for the preparation of organic-inorganic hybrid ve-
nacium  oxide. This new smucture showed the mixed
volyhedra of teirahedra and pyramidal. Two tetrahedrs
and pyrawidal, one up and the other down, share the two
anygen let appear a square vacancy within the secondary
building unit, The holes through the layer are bounded
by ~SqPy-Td-SqPy-Td—.

5 ACKNOWLEDGMENT
This wock was supported In port by Suranarce
University of Technology, grant SUT1-102-41-38-07.

6. REFERENCES

[1] P Botella. JM. Lépez MNieto. B. Solsona. A.
Mifad. F. Marquez. Journal of Catalysis. 209,
2002. p445-455.

[21 Shoufeng Yang. Yatmming Song. Katana. Peter Y.
Zavalij. M. Stanley Whittingham. Journal of
Power Soures. 115-121. 2003, p239-244,

[3] Estibaliz Alda. Begona. Bazin. José 1. Mesa.
José L. Pizarro. Maria 1. Arrioriua, Teéfilo Rojo.
Journal of Scolid State Chemiswy. 173. 2003,
pl01-108.

[4] Dilip Kumar Saha. Subhash Padhyde. Christopher
E. Anson. Annic K. Powell. Inorganic Chemistry
Communications. 5, 2002. p1020-1027.

[5] Pilar Pertierra. Mignel A. Salvaddé. Santiago
Carcia-Granda. Anatoly. I. Bortun A, Khainakov,
Tos¢ R. QGarcia. Inorganic  Chemistry
Communications. 5. 2000, p824-827.

6] JR. Hoang Z.X. Xiong. C. Fang. B.L. Feng.
Materials Science and Engineering B. 99. 2003,
p226-229,

71 Shu-Hong Yu. Takahiro Fujino. Masahiro
Yoshimara. Journal of Magnetism and Magnetic
Material, 256. 2003, p420-424,

[8] Shouhua Feng. Ruren Xu. Accounts of
Chemical. Rescarch. 34. 2001, p239-247,

[9] M. Stanley Whittingham. Jaog-Dong Guo.
Rongji Chen, Thomas Chirayil, Gerald Jamaner.
Peicr Zavalij. Solid State Scicnces. 75, 1993,
p257-268.

[10) Fan Zhang. Katama Ngala. M. Santloy
Whittingham, Electrochemistry Commurication.
2. 2000. p445-447.

{{1] Gabiela Cenli, Fermecio
Catalysis A. 143, 1985, p3-16.

{12} Pamela J. Hagrman, Robert C. Finn, Jon
Zubietz. BSelid Blate Sciences. 3. 2001, p745-
774.

Tiifiro.  Applicd.



E13]

[14]
[15]
(16}
[17]

Kittipong Chainck

Wen Gu. He-Dong. Jing-Yuan. Jing-"uen Xu.
Shi-Ping Yan. Dai-Zieng Liao. Zong-Hoi Jiang,
Tnorganic Chemistry Commumications. 6. 2003,
p217-220.

Kizo-Bing Cui. Zhi-Ea Lin. Gue-Yu Yang,
Solid Sate Sciences. 5. 2003, p311-315.

Srinivasen Natarajon. Inevganic Chimica Acta,

143. 2003. p233-236.

Collect, Data Co}lecﬁan Softwars, Monius B,
V., DelR, 1997-2000.

Cuisenberg A. J. M. Kroon-Batenburg. L. M. .
Schrenzs A, M. M. Joumasl of Crystatiography.
2003, p220-229,

Date and Place of Birth
26 May 1976, Nakhon
Ratchasima, Thailand

Status: Masters Student
Scheol of Chemistry,
Institute of Science,
Suranaree University of
Technology,

Makhen Ratchasima,
30000, Thailand

Tel (66-44) 233-150
e-mail:

kehainok @ ynboo.com

Research Interests:
Crystallography Solid
State Chemistry
Microparous Materials

e
L
EN

¥enneth J. Haller

Asscciate Professor of
Chemistry

Schicol of Chemistry,
Institute of Science,
Suranacee University of
Technology, Makhon
Ratchasima, 30000
Thailand
Tel(66-44)224-304

Tax. (66-44) 224-185
e-mail: balleriicos sutacth

Pegrees:

1978 Ph. D. University of
Arizona, USA

1973 B. Sc. University of
Nebraska, USA

Research Interests:
Crystallography Small
Molecule and Modulated
Strucuures Supramolecular
and Nanochemistry
Environmental Arsenic
Remediation



